match, however, the first day’s urine counting seemed
to provide enough information to predict the compati-
bility of the blood. Although all urine samples were
grouped into 24-hr collections in this case, if earlier
results had been designed as in blood sampling method,
it would have been possible to quantitate the first voided
specimen separately to rule out major incompatibility
and hemolysis.

A potential problem that may cause underestimation
of hemolysis is sequestration of the tagged RBC, i.e.,
disappearance from the blood stream without he-
molysis and subsequent *'Cr appearance in the urine.
However, in practice, this is unlikely to cause much of
a problem, since this test was developed on the basis of
differentiation of a series of hemolytic patients with
sequestration, normal subjects, and patients with gas-
trointestinal bleeding.

The urine-counting method can also provide an easy
way to monitor the *'Cr-labeled transfused red cells by
subtracting the expected counts of the previous cross-
match.

We presented a rare case of anti-Ge in which in vivo
cross-matching was successfully performed by counting
SICr from labeled erythrocytes excreted in the urine.
This RBC survival test provided an easy and accurate
means for in vivo cross-match of donor blood that was
incompatible when tested in vitro.

REFERENCES

1.

Tilley CA, Crookston MC, Haddad SA, Shumak KH. Red
blood cell survival studies in patients with anti-Ch?, anti-Yk?,
anti-Ge, and anti-Vel. Transfusion 1977; 17:169-172.

. Reid ME. The Gerbich blood group antigens: a review. Med

Lab Sci 1986; 43:177-182.

. Race RR, Sanger R. Blood groups in man, Sixth edition.

Oxford: Blackwell, 1975:410-421.

. Rosenfield RE, Haber GV, Kissmeyer-Nielsen F, Jack JA,

Sanger R, Race RR. Ge, a very common red cell antigen. Br
J Haematol 1960; 6:344-349.

. Shih SC, Tauxe WN, Fairbanks VF, Taswell HF. Urinary

excretion of *'Cr from labeled erythrocytes. An index of
erythrocyte survival. JAMA 1972; 220:814-817.

. Shih SC, Tauxe WN, Fairbanks VF. The kinetics of urinary

excretion of *'Cr from labeled erythrocytes in hemolytic ane-
mia and the anemia of blood loss. Am J Clin Pathol 1971;
55:431-437.

. Tauxe WN, Dubovsky EV, Shih SC. A shorter and more

highly discriminary 3'Cr-erythrocyte survival test. Transient
Equilibrium: Squibb Nuclear Alumni Newsletter 1977; 7:3-8.

. Issitt PD. Applied blood group serology, Third edition, Miami:

Montgomery Scientific; 1985:396-408.

. Nance SJ, Arndt P, Garratty G. Predicting the clinical signif-

icance of red cell alloantibodies using a monocyte monolayer
assay. Transfusion 1987; 27:449-452.

. Issitt PD, Gutgsell NS, Hervis L. Some stored antibodies give

unreliable results in the monocyte monolayer assay. Trans-
Sfusion 1988; 28:399-400.

. International Committee for Standardization in Haematol-

ogy. Recommended method for radioisotope red-cell survival
studies. Br J Haematol 1980; 45:659-666.

In Praise of the Mighty Red Cell

formulary of diagnostic

radiopharmaceuticals, a few
agents stand out for their demon-
strated versatility and durability.
The radiolabeled human erythro-
cyte is one such agent. In the 48
years that have elapsed since Nobel
Laureate George de Hevesy intro-
duced phosphorus-32- (*P) labeled
erythrocytes for the determination
of blood volume in patients, inves-
tigation of the mechanistic aspects
of labeling produced advances in
methodology which led to thought-
ful application of radiolabeled red
cells to routine, as well as unique

In the course of examining the
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clinical problems. The fact that this
level of interest continues today is
demonstrated by two articles in this
issue of the Journal: Mochizuki et
al. describe a case in which the cre-
ative application of a diagnostic
study with chromium-51-labeled
red blood cells (RBCs) was possibly
lifesaving for the patient by making
available a source of blood for trans-
fusion that would have otherwise
been thought to be unusable in this
patient, and the second describes the
role of anion transport on techne-
tium labeling.

The literature reveals a total of 13
radionuclides that have been used
to label human erythrocytes: phos-
phorus-32, chromium-51, carbon-
14, iron-55, iron-59, mercury-197,
mercury-203, rubidium-81, carbon-
11, indium-111, technetium-99m,

gallium-67 and gallium-68. A small
number of these have been used in
humans for:

1. The measurement of RBC

volume.

2. Measurement of RBC sur-
vival time.

3. Identification of sites of
RBC destruction.

4. Blood pool imaging.

5. Selective spleen imaging
with damaged RBCs.

6. In vivo cross-matching of
donor blood.

It was the introduction of the
chromium-51 technique by Sterling
and Gray in 1950 that brought ra-
diolabeled red cells into the clinical
arena, paved the way for routine
evaluation of red cell volume and
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kinetics, and began the investigation
of labeling mechanisms which con-
tinues today.

Many aspects of the history of
radiolabeled RBCs are impressive
and have taught us much about
radiopharmaceutical chemistry.
Early attempts to label RBCs with
technetium were minimally success-
ful and often nonreproducible. It
was not until the introduction of the
stannous ion as a reducing agent
that ®™Tc-labeled RBCs began to
flourish. This, in fact, was one of
the earliest applications of the now
ubiquitous stannous ion in radio-
pharmaceutical chemistry. Even
with the advent of stannous reduc-
tion, the methodology was cumber-
some and time-consuming. Pioneer-
ing work at Brookhaven National
Laboratories resulted in the devel-
opment of an in vitro kit for the
labeling of RBC with *™Tc¢ in 1974.
The in vivo behavior of *™Tc-RBCs
labeled by this kit has become the
standard to which all other methods
are compared. Yet, few institutions
use this agent even today. Any ob-
jections to the multiple steps, in-
cluding centrifugation, involved in
the original method have been re-
moved by a very clever modification
in which extracellular stannous ion
is oxidized to stannic ion by the
addition of sodium hypochlorite
(bleach), thus, eliminating the need
for centrifugation. Studies on this
kit first suggested that the amount
of ®™Tc in a generator eluate could
effect the radiopharmaceutical
chemistry of a product. This phe-

nomenon is now widely accepted
and is a major concern for some of
the newest radiopharmaceuticals.
Yet, 16 years and many modifica-
tions later, there is still no approved
product for the in vitro labeling of
red cells with ®™Tc. One manufac-
turer has brought a kit to clinical
trials, a major step to drug approval,
but historically we know that we
have a long wait ahead.

Whereas the in vitro methods
were developed along a line of con-
tinued research, in vivo methods
were the result of insightful appli-
cations of a causal observation. One
of the first drug interactions re-
ported with diagnostic radiophar-
maceuticals was the altered biodis-
tribution of [*™Tc]pertechnetate in
patients who had previously re-
ceived *™Tc-stannous pyrophos-
phate for a bone scan. The distri-
bution shift from extracellular to in-
travascular was described as a
potential pitfall to image interpre-
tation and was to be avoided. Later
investigations showed that this in-
travascular retention was due to
labeling of RBCs in vivo. The in
vivo methods were rapidly applied
and quickly became the method of
choice. This rapid acceptance of the
method is, in part, attributable to
the fact that all components are
readily available, in approved
forms, and are applied without
much regulatory scrutiny. Subse-
quent modifications have attempted
to improve the in vivo behavior of
labeled RBCs with some success.
Clearly, the in vivo methods enjoy

the most widespread use today. In
fact, with the exception of !!''In-la-
beled plasma proteins, RBCs re-
main the only radiopharmaceutical
which is routinely labeled in vivo or
in vitro even in the face of much
effort to find in vivo methods for
labeling other blood components.

Another unique aspect of radio-
labeled RBCs is that their biodistri-
bution can be selectively altered by
controlled chemical or thermal
damage to permit high resolution
imaging of the spleen. Although se-
lective spleen imaging is not com-
monly performed today, this tech-
nique when first introduced was in-
deed creative, innovative, and of
great clinical significance.

The radiolabeled RBC has been
carefully studied and has taught us
about the sub-cellular and molecu-
lar aspects of the product. Whereas
a crystal structure of the radiophar-
maceutical product might be the
end point in its chemical under-
standing, the red cell provides many
different layers for investigation.
These include intracellular binding
sites, intracellular chemistry of the
radionuclide, and membrane trans-
port of reagents. Each of these as-
pects has been characterized and
work in this area continues today,
making the radiolabeled RBC one
of the best understood radiophar-
maceuticals we have in our formu-
lary.
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