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RADIOLMELED RED BLOOD CELLS:
METHODS AND MECHANISMS

Upon completion of this coume the recipient will be able to discuss the methods and mechanisms by
which human red blood ce~ are radiolabeled with Tc-99m.

Speciiy, the recipient titi be able to:

1.

2.

●
3.

4.

5.

6.

7.

8.

9.

List currently available methods by which human red blood cells are labeled with Tc-99m for
clinical use.

Define the three general steps involved in any method of radioiabeling red blood cells with
Tc-99m,

Compare and contrast how each of these general steps is accomplished using currently available
methods.

State the relative advantages and disadvantage= of currently available methods.

Describe the role of each component found ti products used to radlolabel human red blood cek
with Tc-99m.

Describe the pharmacokmetim of radlolabeled red blood cells.

Present the currently accepted mechanisms involved in the labeling process.

LM several drug-drug interactions which interfere in the labeliig process.

L@ clinical indications for Tc-991u red blood cells.
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INTRODUCI’’ION

Radiolabeled red blood cells have played an
important role as diagnostic radlopharrnaceuticals
for many decadm. Their current role as the drug of
choice for mrdiac blood pool imaging has r~ulted
in an evolution in the methods of labeling and a
better understanding of labeling mechanisms. In
this article the use of mdioiabeled red blood cells as
a diagnostic radiopharmaceutical will be reviewed,

●

curr&t Iabeting m-ethods will be prmented and the
current understanding of the maisms by which
th~e ceils are labeled will be discussed. Emphasis
will be placed on technetium-99m red blood cells
due to their importance in contemporary nuclear
medicine practice.

e

-CAL INDICATIONS

me use of&Labeled red blood cefls incIudes five
major arem

1. Measurement of total red blood cell volume
2. Meaauremat of red blood cell survival time
3. Identification of sites of red blood cell

distribution
4. Blood pool imaging studie including gated

ardiac imaging and gastroint@tinal
bltilng

5. Selective spleen imaging with damaged red
blood cells

.

The id-l propertiw of Iabeled red blood cells
used for each of these indications are diffwent. The
physical properties of the radionufllde, in vivo “
stability, and ease of labeling all have different
importance depending on the study to be performed.
For -pie, determination of red blood cell
survival time requir= a radionuciide with a
relatively long physical half-life and good in vivo e

stability whereas udiac blood pool imaging studies
are usually complete Within
short half-life radionud:de.

1 hour and require a
However, since these

I
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studie may be a high volume study in many nuclear
medicine departrnats, the speed and ease of
labeling becom~ an important consideration.

w

●
~ OF LABELING -ODS

The use of radioactive nuclid~ in the labeling of
erythrocyt= dates back to the work of Nobel
laureate, George de Hev@y, when he introduced in
1942 the use of P-32 IabeIed erythrocyt~ for the
determination of blood volume in patients. In this
method, in vitro incubation of P-32 with red blood
cells allows the erythrocyte hwosm and trios= to
bind the P-32.

An improved labeling technique was d=cribed in
1950 by Sterling and Gray who observed that
hwavalent Cr-51 in the form of sodium chromate
provide a suitable label for red cells. Cr-51 was
incubated in a manner similar to that of P-32. The
Cr-51 method replaced the P-32 technique and is
still a commonly used labeling method. However,
the relatively low abundance (9Yo) of the 320 keV
gamma ray of Cr-51 mak~ it unsuited for external
imaging procedur~. Cr-51 labeled red blood cells
have been used for red blood cell survival studim by
sevwal early workers.

Radioisotope= of iron have b~n used extensively

●
to study red blood ceils. When radioactive iron is
injected intravenously, it is cleared rapidly from the
circulation (half-time 60 to 120 rein) and about 80Vi
of it is incorporated into the newly formed cells over
the next 7 to 10 days. Unfortunately, the iron
liberated from destroyed red cells is reutilized and
rapidiy rmpp- in newly formed cells.
Radioactive iron, therefore, cannot be used clinically
for autologous red cell survival studies, except in
special circumstances, e.g., aplastic anemia when
reutilization would be minimal. The principal
isotop of iron used in th=e studies are F*55 and
F&59.

Several other methods for labeling erythrocytw
have bwn reported over the years. Because glycine
is incorporated into protoporphyrin during heme
synth=is, C-14 labeled glycine has been used as a

. iabel for red blood celIs.
When Hg-197 or Hg-203 labeled

bromomercuryhydroxy propane (BMHP) is
incubated at room temperature with whole blood, 90
to 98% of the label is rapidly bound to red blood
cells. When a suff~cient concentration of stable

●
mercuryhydroxypropane -) is added to the
cells, they are altered in such a manner that they
are selectively removed from the circulation by the
spleen. ~Is damage can also be induced by heat
and other chemical methods. hbeled red blood

rolls damaged in this fashion are usefui for selective
spleen scanning.

In 1968, Rb-81 was described as a suitable red
blood cell label. The main advantage of thg Rb-81
is its short physical half-life (4.7 hrs) and suitabie
gamma-ray energy. It has also been reported useful
for quantitative ~timation of red cell uptake in the
Spieen.

A method for the measuremat of red cell mass
in the spleen by rad]onuclide scanning after the
injection of red blood cells labeled with C-n labeled
carbon “monoxide has been d~cribed. Because of its
short physical half-life (20 rein), large amounts of
the radionuclide w be administered and the spleen
visualized without damage to red blood cells.
However, the major disadvantage of this method is
the necessity of having a cyclotron nearby for the
production of this short half-life positron+mitting
radlonuclide. The recent increase in the number of
positron emission tomography (PET) facilitia may
increase the interest in this novel technique.

The introduction of lipid%oluble compiexes of
In-Ill led to the use of this radionuclide to label
platelets and white blood cells. The physical
half-life of 2.8 days and suitable gamma emissions
of 174 and 247 keV make it ideal for monitoring
physiologic pr~s= which are several days in
duration. In-ill labeled red blood ceils have been
proposed for detection of gastrointestinal bl~lng
and red blood cell squ=tration and survival
studies.

Lipid~oluble complexes of Ga-67 and Ga-68
have also been reported as alternative to more
common methods for special applications such as
the use of Ga-68 red blood ceils in Pm.

Tc-% LABELED RED B-DC- (RECS)

Most radionuclidm previously mentioned lack
physical properti~ which allow for their use in
imaging procedures. These limitations rwtricted the
use of red blood cells labeled with thee nuclidm to
in vitro determinations or external probe counting
techniqu~. The availability of a radiotracer with
physical properti= suited to imaging tti]ques and
with chemiml properti= which would permit
efficient labeling to red blood ceils has ~eatly
expanded the usefuln~s of labeled red blood cells as
a diagnostic agmt. The introduction of Tc-99m has
singularly had the great=t impact on radiormclide
prtiurm, including those with labeled red blood
ceils.

The use of Tc-99m labeled red blood cells as a
blood pool imaging agent in cardiovascular nuclear
medicine is well ~tablished. Clinical effectiveness of
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~flls ~mt Is ~asa on IW anluty [0 alscnnute
primarily within the intravascular pool of the body
and to leave this Compartm=t at a slow rate. Such
behavior allows for the accumulation of high
r~olution irnag~ which can be obtained with the
aid of a physiological gating device. Combined with
the gamma scintillation camera, this procedure can
yield diagnostic information about dynamic
proms= such as regional mymrdial wall motion.

Tc-99m as the pertechnetate ion is not firmly
bound to red blood cells and will diffuse into the
extravascular fluid compartment, accumulating in
organs such as the stomach, gut and thyroid gland.
Such a distribution pattern results in lower
biood-tmbackground activity ratios, poor detection
of myocardial borders, interference with Gl blood
pool imaging and irnaga which are difficult or
impossible to interpret. It is, therefore, important
that the Tc-99m be firmly and quantitatively bound
to the cells and that this labeling persist in vivo
during the observation period. In mrdiovascular
nuclear medicine this time period may be 1 hour,
while in the evaluation of gastroint~tinal bl-lng
the observation period may be as long as 24 hours.

bbeiing of red blood cells with Tc-99m for
spleen scanning was reported in 1967. However,
efforts at that time to reproduce Tc-99m labeling of
red blood cells had been unsuc~sful. In three
studies, Tc-99m was added as pertechnetate ion
without the addition of any reducing agent. It is
now well known that pertechnetate ion (with Tc-99m
in the + 7 oxidation state) is nonrmctive, and
binding to cellular @mponents would not be
ex~ted under the reaction conditions employed by
thwe authors. In 1971, a labeling method
employing stannous chloride as a reducing agmt for
technetium was introduced with labeling efficiencies
of 50 to 60% reported. The method involvd the
incubation of washed cells with pertechnetate
followed by the addition of stannous chloride
solution. It was observed that the pmence of
plasma greatly reduced the labeIing ~lciency by
this method but that the Iabeled cells exhibited good
in vivo and in vitro stability. All of the early
methods invoived erythrocyte separation from
anticoagulated whole blood by centrifugation with
subsequent incubation with stannous chloride
followed by pertecbnetate, or with pertecbnetate
followed by stannous chloride.

G~_INmmGmWITH
T-

Before pra~ting details of current labeling
methods, it is worthwhile discussing the general

steps involved in labeiing red blood cells with .

ttinetium since they are common to all methods.
There are three general steps involved:

*
1. Treatment of RBCS with stannous ion
2. Removal of exms extracelhdar stannous ion ●
3. Addition of perthnetate

~tofRedHceuswith~ Ion .
Although it is t~netium in the +7

(pertechnetate) oxidation state that cross= the intact
erythrocyte membrane, only technetium that has “
been reduced to a lower oxidation state will firmly
Wind haoglobin. Stannous ions are most
commonly employed for rduction of technetitim
and the stannous chloride (as a stannous
pyrophosphate complm) is preferred. At
physiologic pH, stannous ions are subject to
hydrolysis and precipitation that causa their rapid
clearance from blood by the reticuloendoth~~al
system. When complexed with pyrophosphate (or ~
other soluble Chelat=), however, stannous ions are
sufficiently soluble to be resistant to these effects,
yet are not so strongly bound to pyrophosphate as
to prevent their dissociation and attachmmt to red
blood ceils. In the in vivo and modified in vivo
methods, tr=tment with stannous ion is
accomplished by the direct intravenous
administration of stannous pyrophosphate. Other
chelat~ of stannous ions an also be used (such as

●
~tetate, medronate, etc.) and would yield
radiolabeled red blood dis in varying d- of
e~cienciw. Pyrophosphate seems nearly id~l,
however, b-use (a) it maintains the volubility of
stannous ions in serum until they come into contact
with the red blood cells and (b) most kits contain an
optimal amount of stannous ion.

Reports on the quantity of stannous ion required
for RBC labeling have kn confusing kuse the
quantity of tin to be given is stated in terms of
either stannous ions, starmous chloride, or stannous
pyrophosphate. For T~99m red blood cell labeling
using either the in vivo or the modified in vivo
technique, most clinicians utilize 10-20 mi~
Sn+2/kg body weight. Depending upon the -
commercial formuhtion chasm, it maybe n~sary
to inject on-third to onehalf the contents of a vial
of stannouspyrophosphate or an retire vial to -
provide this number of stannous ions. Whm the in
vitro method of radiolabeling is employed, a much
smaller number of stannous ions are employed,
usually 1-15 micrograms total. ●
-Val of ~ti ~ Iw

The prmmce of stannous ion in the serum can
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r~ult in the und~irable reduction of Tc-99m
pertechnetate prior to its entry into the red blood
cell. Only the oxidized form of Tc-99m can be
transported by the erythrocyte membrane.

In either the in vivo or the modified in vivo
method, biologiml clearance of exc~s stannous
pyrophosphate is the method by which extraceilular
stannous ions are reduced. The optimal time
between the injection of stannous pyrophosphate
and the administration of Tc-99m pert@netate (in
vivo method) or the incubation of the stannous ion
pretreated cells tith Tc-99m pertechnetate (modified
in vivo method) is 20-30 minutm.

With the original in vitro labeling method,
extracellular stannous ion could be removed by
centrifugation, a step that physically separates
stannous-treated ceils from the noncellular stannous
ions in serum. A modification of the in vitro
labeling method has recently become commercially
available. This product us= the non-penetrating
oxidizing agent sodium hypochlorite to oxidize
extracellular stannous ions, thus preventing the
undairable extracei]u]ar reduction of Tc-99m
pertechnetate.

Addition of Tc-~ P~te
Actual red blood cell labeling with Tc-99m occurs

whenever Tc-99m pertechnetate is brought into
contact with RBCS that have been previously treated
with stannous ions. This an be accomplished by
either the in vivo or in vitro addition of Tc-99m
pertechnetate to ~Cs that have been pretreated
with stannous ions.

Nuclear medicine and nuclear pharmacy
practitioners today have a choice of labeling
methods from which to choose. Whh the recent
approval of a ammercially-produced in vitro kit,
there are now three methods available, =ch of
which has distinct advantages and disadvantag~.
These methods use different combinations of
physical, chemical and biological means to
accomplish the three general steps listed above. The
following section will compare and contrast
available methods.

In Vitro Eits
Although the stannous chloride method of

labeling autologous red blood celk r=uhed in a
clinically useful radiopharmaceutical, the procedure
was long and required muitiple washing steps as
weIl as the extemporaneous compounding of a
stannous chloride solution suitable for intravenous

fi.v) injection. Th=e disadvantages were @ally
eliminated with the introduction of simple kits for
the preparation of Tc-99m red blood ceils using
stannous citrate and stannous glucoheptonate
(gIuceptate).

The introduction of three kits, although not
widely available, greatly simplified the labeling
prtiure. One major advantage was that reagents
could be prepared in advance and stored while
quality control testing was undertaken.

The most widely used kit has been that of Smith
and Ri&ards and is referred to as the Brookhaven
National Laboratory (BNL) kit. ~ls kit is
currently being distributed as an inv~tigational
drug (Cadaa Medical Products, Inc., Mlddletown,
NY). A modification of the in vitro kit has been
introduced and is commercially available
(Mallinckrodt Medical, St. buis, MO). Whh this
latter product, a small amount of sodium
hypoctdorite is added to whole blood that has ~
previously treated with stannous ion. Extracellular
stinnous ions are oxidized to the stannic form, and
interference with labeling is minimized.
Intracellular stannous ions are not affected by the
addition of sodium hypoctdorite. Urdike the
centrifugation method, the chemical oxidation
method does not require separation of red celk and
can be performed in whole blood. Avoidance of
-trifugation l-ens the degree of celhdar damage
that occurs during radiolabeling.

As a r~ult of experiments performed in the
development of the BNL kit,important observations
of problems with some Tc-99m solutio~ were made-
The consequences of the chemical effects of
technetium are not usually considered in the
preparation of most routine Tc-99m radiopharma-
ceuticals. However, in this case the Carria Tc-99 in
some generator eluat~ apparently mceeded the
reductive mpaaty of the added stannous ion -using
depressed labeling yields. It was pointed out that
this problem may exist with other radiopharrna-
ceuticals that use stannous ion, particularly when
the quantity of Sn+z used is very small or when pr
formuhtion methods make the stannous ion
unstable.

The chemical form of the stannous ion seems not
to aff~t the labeling reaction since stannous ion has
been combined with various anions including
chloride, fluoride or citrate, in conjunction tith
other ligand molecules such ~ glucoheptonate,
methyiene diphosphonate, or pyrophosphate.

In Vlvo Ma
In 1975, several groups reported altered

distribution of Tc-99m pertechnetate in brain scans
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of patients who had undergone previous Tc-99m
pyrophosphate bone saris. In these patienh,
Tc-99m pertechnetate, which normally distribute
throughout the extracellular fluid volume, was
distributed primarily in the intravascular
compartment. Further investigation showed that
the majority of this intravascular radioactivity was
associated with red blood cells. The occurrence
this phenomenon is affected by:

1. The amount of stannous ion administered
the bone scan dose

2. The interval between administration
pertechnetate and the brain scan

of

in

of

3. The interval of time between the bone scan
and brain sm (no effect was observed when
this interval ex~ded 6 days)

The observation of this drug-drug interaction was
soon followed by the development of a new method
for the in vivo labeling of red blood cells using
stannous pyrophosphate as the source of stannous
ion.

In this method, labeling is accomplished with two
consecutive iv. injections, first of cold
(nonradioactive) stannous pyrophosphate, followed
in 20-30 minute by Tc-99m pertechnetate.
Reported results for average labeling efficiency
using the in vivo method vary widely from 71-9690.
The interval between pyrophosphate and
pertechnetate injwtion also affects the composition
of the plasma Tc-99m activity. With a short
interval, the plasma activity is primarily Tc-99m
pyrophosphate while as the interval increases to 30
minut~ the technetium is equally divided between
pertechnetate and pyrophosphate.

Modified In ~lVO M-
Currently, red blood cells can be labeled with

Tc-99m by in vivo md in vitro techniques. Clinical
comparisons have shown that the in vitro method
results in a superior product. The need to remove
a blood sample from the patient and the la& of a
commercially-avaiiable kit until r~tly have
prevented the method from gaining widwpread
aweptance. In vivo methods use readily-available
components and do not require blood samples to be
removed from the patient. However, the quality of
imagm obtained with the standard in vivo method
were often of poor quality.

In an attempt to optimize the biologiml behavior
of Tc-99m red blood cells, modifications of existing
labeling. techniqu= have been developed. One such
method reported by our laboratory is called the
modified in vivo labeiing method. This method

evolved from observations that the rate of - ,
incorporation of Tc-99rn pertechnetate into human
red blood cells in vivo proceeds at a measurable
rate. During a time interval betw- iv. injection ‘
of Tc-99m pertechnetate and firm binding to r

*blood cells, the T&99m is free to distribute to
intracellular compartments. A standard in vivo
technique was, therefore, modified so as to isolate
pretinned red blood cells and Tc-99m pertechnetate
from other body compartments. If suffiaent time
is allowed for the reaction to proceed to completion,
approximately 90% of the total Tc-99m pr~ent will
be firmly bound to the red blood cells at the time of
iv. inj-ion. This r~ults in increased intra-
vascular retention and improved image quality.

Although any source of s~nnous ion may be
suitable for this procedure, we find that products
@ntaining the equivalent of 1 mg of stannous
chloride dihydrate per vial are the most eff]cient
and convenient. Products containing enough
starmous ion for multiple patient dos= may seem to
be more economical. However, the possibility of
oxidation of stannous ion in the unused portion of
the vial may result in poor labeling of subsequent
patients. Therefore, single dose preparations of
stannous ion should be used in this method. It is
important that sufficient time be allowed for
distribution and clearance of extracellular stannous
ion and pyrophosphate vvith~n the intravascular ●
pool. For the modified in vivo method 15 to 20
minut= seems to be optimum. Anticoagubtion of
the reaction mixture is provided by the residual
heparin solution in the infusion set. It is, therefore,
important that the line be first flushed with the
heparinantaining solution before red blood cells
are withdrawn into the syringe containing
Pertechnetate. The source of pertechnetate should
be a generator which has bm previously eluted
within 24 hours. This Iimi@ the amount of Tc-99
that may be present in the eluate, which has been
shown to exert an adverse effect on labeling
efficiency. A standard incubation time for this
method is 10 rninut~ at room temperature.
However, since factors such as temperature and
hematocrit aff=t the rate of labeling, in en
instances it may be necessary to in~ease Wls
incubation time.

Although Wls method may require a slightly
longer Iab&Ing time than the standard in vivo
method, the increased retention of intravascular
Tc-99m r~ults in shortened imaging time and,
therefore, the total time n-sary for the procedure ●
is not lengthened over the standard in vivo labeling
method.
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P~CO~CS OF T-~

The pharmacok.inetics of technetium-99m red
blood cells has been studied in patients and normal
volunters. After intravenow injection of
pertechnetate during in vivo labeling, maximum
whole blood activity was not reached until at least
30 minut~ after injection. This sugg~ts that
pert=hnetate freely diffus~ into the extracellular
fluid space, then reenta the intravascular pool as
blood levels of pertechnetate fall.

WhoI&body clearance was found to be
biexponential for both in vivo and in vitro methods.
The in vivo method of labeling resulted in a short
Tl,z component of 2.5 A 0.7 hr (10.9 A 6.1%) and
a long T,n component of 176.6 A 163.6 hr (90.5 &
5.()%), whereas the in vitro method resulted in
whole body retention components of 2.7 + 1.5 hr
(25.4 + 10.4%) and 75.6 + 25.3 hr (82.2 + 7.7%).

COMPARISON OF RADIOP HARMAcEuTIcm
FOR BLOOD -L IMAGING

Several studim have compared two or more
radiopharmaceuticals used for blood pool imaging,
including Tc-99m human serum albumin @SA) and
Tc-99m red blood cells (prepared by either the in

vitro, modified in vivo, or the in vivo method of
radiolabeling). Based upon these studies, the
following conclusions can be drawn:

1. Whenever Tc-99m HSA was compared to
Tc-99m labeled red blood cells prepared by
any method, labeled red blood rolls were
determined to be superior.

2. When in vivo and modified in vivo methods of
labeling red biood cells were compared, the
modified in vivo method was judged to be
superior.

3. When in vitro labeled red blood cells were
compared to in vivo red/or modified in vivo
methods and judged on labeling =lciency and
image quality, in vitro labeled cells were
judged superior.

4. When availability and ease of labeling were
considered in comparisons among all red
blood cell labeling methods, the in vitro idt
was found to be inferior because of the
increased manipulation required and the
potential for administration of W1lS to the
wrong patient.

5. Comparisons of ail methods of red blood cell
labeling showed that the modified in vivo
method gave image quality approaching that
of in vitro methods but is far more easiIy
~rformed with readily-available components.

For any given clinical situation, therefore, the
sei~tion of a blood pool agent will depend on the
acceptable level of image quality, requirements for
patient throughput, and the level of expertise of the
technical staff.

DRUG ~CE

Drug interference with Tc-99rn red blood cells
for equilibrium blood pool imaging can be classified
into two general categories: (1) agents that alter, by
a direct pharmacological effect, card~ac function
and have the potential to interfere with the
interpretation of equilibrium blood pool imag=, or
(2) agents that inhibit or diminish the radiolabeling
of red blood cells by Tc-99m.

Agents that induce an aitemtion in ~rdiac
function include (a) the beta adrenergic blockers,
such as propranolol (“b)calcium channel blockers,
inciuding verapamil and (c) the nitrat~, notably,
nitroglycerin. Studim performed in patients
receiving three pharmaceuticals may not detect the
pr~ence of coronary artery disease or accurately
reflect its severity.

It has been proposed that th~e interfering drugs
be withdrawn from patients prior to exercise
ventriculography. For beta bloting mdlcations a
4S-hour interval betwm withdrawal of the drug
and the nuciear m~]cine study has been suggested,
whiie for the ~icium channel biockers the proposed
interval is 48-72 hours, and 12 hours has been
suggwted for the nitrates.

Doxorubicin causes a dose-related
cardiomyopathy that may intmfere with the
diagnosis of abnormai cardiac function. However,
the radionuciide ventricuiogram is often performed
to monitor doxorubicin-induced cardiotoxicity.

Poor radioiabeiing of red biood ceils with Tc-99m
or -iy dissociation of Tc-99m from the iabeied red
biood ceii brought about by concomitant drug
therapy can adverseiy affect image quality. Tabie
1 iish several of the drugs hewn to interfere with
Tc-99m red biood ceii labeling or that may be
responsible for deterioration of the iabeied ceii.

The anticoagulant used in red biood celi labeling
techniqu~ has been shown to affect the rmui@.
Decreased iabeiing and increased urinary excretion
of Tc-99m hm been reported when stannous
pyrophosphate md Tc-99m pertechnetate were
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injected through a venous Cathetw containing
heparin. The fact that heparin is used su-sfully
as an anticoagulant in the in vitro and modified in
vivo method suggmt that the effect of heparin may
be dose related or temporally related to the addition
of the various components of the raction.

Heparin and acid-citrat~dextrose (ACD) solution
have been used as the anticoaguht in the modified
in vivo method in patients and normal volunteers.
Some groups report higher labeling e~ciency and
improved image quality with minimal rmal and
urinary bladder activity with ACD. Others have
shown labeling efficiency to be independent of the
selection of ACD or heparin as the anticoagulant.

-IATXON ~Y

To calculate acmrate dosirnetry data, detailed
knowledge of the pharmacokinetics of acb agent
must be known and applied. For example, it is
knom that the initial distribution and rate of
elimination of Tc-99m labeled red blood cells is a
function of the method of labeling. To date, th~e
factors have not been carefully applied to dosimetry
calculations.

One factor that aff=ts the dosimetry of blood
pool imaging agents is the blood volume of the
individual organs. This factor has b= applied to
dosimetry calculations. In th=e calculations, the
effective half-life is resumed to be equal to the
physical half-life, and distribution to the organs is
assumed to be solely a function of biood volume.
The dosimetry calculated by this method results in
higher values than those given from other sour~.
These data are summarized in Table 2.

It has been shown that in red blood ceils labeled
with Tc-99m, the majority of radioactivity is
associated with hemoglobin. Furthm inv~tigation
has shown that 87% of the activity is associated with
the globin portion of the molecule and 10% with the
heme. It was therefore concluded that perteclmetate
ion in the lower valence sate (probably technetium
+4) binds irreversibly with globin, with the high~t
specific activity found in the beta-chain, most
probably by coordinate covalent bond formation.

Various studies have concluded that the pr~s
of Pertechnetate binding to the red blood cell
=sentially involves passive diffusion of ~echnetate
into the cell. More recently it has been shown that
the pert~netate ion is transported across the red
blood cell membrane by the band-3 anion transport

system. This system is rwponsible for maintaining
the transmembrane concentrations of chloride and
bicarbonate. Since there is no mechanism inside the
cell to reduce pertdnetate in the absence of a
reducing agent, pertectmetate is readily transported
out of the ceil by this system when the red blood
cells are suspended in a v~lcle containing chloride
or bicarbonate as ~changers. The roie of
intracellub reduction of pertecbnetate, which
r=ults in blndlng of the Tc-99m to hemoglobin, has
b- well documented.

FACTORS AFFECTING LABELING
EFFIcmcY

Using a method to stop the labeling rmction
between Tc-99m and red blood cells at the time of
sampling, it has been show that Tc-99m is
incorpomted into red blood cells in vivo at a
m-urable rate, reaching a value of 91.4% at 10
minut~ following i~ection. This suggwts that
significant amounts of non-red blood cell-bound
Tc-99m, probably as pertechnetate, is available for
distribution to the extravascular compartments.

The incorporation of Tc-99m pert~hnetate into
pretinned red blood cells in a system isolated from
other body compartments was shown to be affected
significantly by the temperature and hematocrit of
the reaction mixture, the dose of stannous ion
administered and the presence of plasma. The
volume of whole blood, activity of Tc-99m, and
patient population have no significant effect on the
rate or extent of Tc-99m labeling.

Tem~
There is a direct relationship betww the

temperature of the reaction mixture and rate and
extent of lab#Yng. The tem~ture data sugg~t
that increased labeling md shorter incubation timw
could be obtained if, in the modified in vivo
method, the syringm were maintained at 37°C
rather than allowed to slowly cool during the
incubation period. Elevation of the syringe
temperature to 49 to 50°C for 35 minutm baa b-
shown to sufficiently damage the red blood ceils so
as to be able to do selective spleen imaging.

P -t
Whole blood hematocrit has a major effect on

the rate and extmt of red blood cell labeling.
Normal values for the hematocrit vary with an
individual’s age and sex. The normal hematocrit
value for adults is 36 to 46% for women and 42 to
52% for men. There is a sIight clecrme in the
hematocrit level after 50 y- of age. However, in
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Table 1

L. I for transport by the band-3 aninn t;rnns~rt cv~t-m II

—-----ii

-m Estimam U* .
~u*-

Ceil hb Dab Blood VolumeWta
Total body .016 .018-.019

spleen .018 .039-.062
Bladder Wail .12 .

T=tm .012

Ovarim .02

Blood .052 .

Red *OW .022

Liver .
.040-.098

Kidneys . .043-.066
Lungs

.04s-.064
H=rt . .075-.081

fl~
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patients with anemia and in patients with signifimt
blood loss, hematocrit values as low as 12 to 15%
can be seen. Thus, these individuals would be
expected to show decreased labeling effiaency with
r=ultant increase in extravascular concentration of
Tc-99m activity. ~ls effect may be partially
overcome by increasing incubation time when
patients with known low hematocrit valum are
studied with the modified in vivo method.

volume of Whok M
Increasing the volume of whole blood from 1.5 to

4.5 ml in the modified in vivo method did not
significantly alter the labeling parameters. The
normal range of red blood cell count in men is 4.5
to 6.5 million/ul and in women it is 3.9 to 5.6
million/ul. Therefore, the number of cells in the
whole blood reaction mixture can be varied from
approximately 7.5 x 109 to 2.2 x 1010without effects
on labeling.

It has been shown that the presence of plasma
exwts a competing effect on labeling. The effect of
diluting red blood cells with saiine has less of an
effect on relative labeling than when dilutions are
done with plasma. Thii suggests that the effects of
hematocrit on labeling efficiency is due partially to
the concentration of red blood cells and partially to
the pr=ence of plasma.

~Ionti
Changes in blood disapprance of Tc-99m

pert~netate at stannous ion dos= as low as 1
ug/kg have been reported. A platmu of IabeIing
efficiency at 10 ug/kg has been reported in several
studies which has also been shown to be the
minimum dose of stannous ion that r=ulted in
satisfactory red blood cell labeling. Decreases in
labeling efficiency have been reported at dos~ in
the 35 to 40 ug/kg range.

SUMMARY AND CONCLUSIONS

Radiolabeled red biood cells repr=ent a unique
radiopharmaceutiml dosage form which allows for
the determination of cellular volume and kinetim
and the visualization of the intravascular blood pool
of organs. Wile a variety of radiolabels have been
used in the past, Tc-99m has gained widespread use
for imaging and in vitro measurements.

The selection of the method of labeling red blood
ceils with Te99m depends upon personal preference
and the fllnical indication being addr=sed. The
modified in vivo method employs some aspects of
the in vivo and in vitro methods and r=ults in
reproducibly high labeling efficimcy without the

added ~orts of in vitro processing of @lIs. J
The =aciency of iabeiing red bld cells is

affected by temperature, hematocrit, stannous ion
dose, mass of technetium~ and choice of ~
uticoagubt. Awaren@s of th=e factors and
antrol of them, wha possible, will result in a a
highly effective radiopharmaceutial for a variety of
nuclear rnd~cine procedur=.

Radiokb4ed red blind cells provide the
opportunity to study -port m~nisms
associated with cell labeling. In addition, the use
of selective pharmacological agents can incr-e
understanding of the mechanism of labeling.
Continued rmearch into these labeling methods will
furth~ expand the clinical applications of this
radiopharmaceutical.
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QUESI’IONS

Which of the following radionuclides has
NOT been used to label red blood cells?

A. Rb+l
B. C-n
c. KA3
D. Ga-68

The first described use of radiolabeled red
blood cells was for:

A. equilibrium gated cardiac blood
pooi imaging

B. first pass angiomdiography
c. detection of gastrointestinal

hemorrhage
D. measurement of total blood volume

3. The mechanism of localization of Tc-99m
red blood cells for cardiac blood pool
imaging is best described as:

A. active transport
B. capillary blockade
c. compartmentalization
D. extravasation

4. The correct dosage for tin used in the in
vivo labeling of red blood cells is:

A. 10-20 micrograms stannous ion per
kg body weight

B. tie entire contents of any stannous
pyrophosphate kit

c. 5 mg stannous pyrophosphate
D. 10 mg stannous gluceptate

5. The role of stannous ion in the labeling of
red blood cells with Tc-99m is the:

A. extracellular reduction of
pertechnetate

B. intracellular reduction of
hemoglobin

c. intracellular reduction of
pertechnetate

D. facilitation of Tc-99m transport
into the cell

6. When using the “Brookhaven Kit” to label
red blood cells with Tc-99rn, the mole
fraction of the metastabie isomer in a
generator eluah has been shown to have:

A. no effect on labeling efficiency
B. a direct relationship to labeling

efficiency
c. an inverse relationship to labeling

efficiency
D. an inverse relationship to the rate

of labeling

7. Which of the following methods has NOT
been used to remove extraallular
stannous ion in labeling red blood cells
with Tc-99m?

A. centrifugation
B. biologid clearance
c. in vivo reduction
D. oxidation
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8,

9.

10.

11.

12.

13.

The only commercially available kit for
the Iabeiing of red blood cells with Tc-99m
is based on the:

A. modified in vivo metiod
B. in vitio labeling using chemical

oxidation
c. in vitro labeling using

centrifugation
D. in vivo method

The pertechnetate ion reaches the
intiacellular space of the red blood cell via
which of the following mechanisms?

A. Na+/K+ ATPase pump
B. dcium channeis
c. band-3 anion transport system
D. passive diffusion

When using the modified in-vivo method
for labeling red blood cells with Tc-99m,
cIassify the following factors as having a
direct (D), inverse (I) or no (0) effect on
labeling effltiency,

A. hematocrit
B. temperature
c. volume of blood
D. quantity of Tc-99rn

In radiolabeled red blood cells,
intracellular Tc-99m is found in the
high-t specific activity in:

A. heme
B. alpha chain of globin
c. beta chain of globin
D. mitochondria

The kineti~ of labeling red blood cells
with Tc-99m sugg~ts that the optimum
time (minutes) for incubation is:

A. 1
B. 10
c. 30
D. 60

The temperature (degrees C) needed to

A. 4
B. 37
c* 49
D. @

14. Increasing the dose of stannous ion from
10 micrograms/’kg to 40 micrograms/kg
has been reported to ~ults in:

A. chemical damage to red blood cells
B. increase in labeling ef’ticiency
c. dmease in labeling efficiency
D. hemolysis

15. Which statement best dmcribes the effect
of injecting both stannous pyrophosphate
and Tc-99m pertecbnetate through a
heparinized catheter?

A. decreased labeling efficiency
B. increased urinary excretion
c. labeiing of catheter
D. all of the above

16. When all methods of labeling red blood
cells with Tc-99rn are compared, the
method most often found to have the
highest labeling e~ciency is

A. in vivo
B. in vitro kit
c. modified in vivo
D. none of the above

17. When in vivo and modified in vivo
methods are compared, the method most
of~n found to give superior imag~ is

A. in vivo
B. modified in vivo
c* both of the above
D. none of the above

18. When the in vitro method is compared to
in vivo methods the -t image quality is
most often found with

A. in vivo
B. modified in vivo
c. in vitro kit

damage red blood cells for selective spleen
imaging is:

D. none of the above
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19.

20.

21.

●
22.

23.

●

When ease of labeling and minimizing risk
of misadministration are taken into
consideration the most inferior of all
methods is

A. in vivo
B. in vitro kit
c. modified in vivo
D. none of the above

A drug which decreas~ the efficiency of
labeling red blood cells with Tc-99m by
interfering with transport of pertechnetat.e
by the cell membrane is:

A. digoxin
B. .heparin
c. prazocin
D. iodinated contrast media

A drug which will form a complex with
reduced Tc-99m and thus compete for red
blood cell labeling is:

A, doxorubicin
B. propranolol
c. heparin
D. prazocin

When using the modified in vivo labeling
method, the 20 minute interval between
stannous ion injection and mixing blood
with Tc-99m is required in order to allow
time for:

A. uptake of tin by the RBC
B. transport of pertechnetate by RBC

membrane
c. clearanceof extracelkdar stannous

ion
D. equilibration of stannous

pyrophosphate with blood

The statement which bmt describe the
whole body clearance of Tc-99m red blood
cells is:

A. single exponential with a half-life
of 120 hours

B. single exponential with a half life
of 24 hours

c. bi-expouentia.l with half liv= of 2.5
and 75-175 hours

D. biaponential with half lives of 12
and 210 hours

24. Using the in vivo method, following the
intravenous injection of Pe-netate,
mwimum whole blood activity is reached
in minuk(s).

A. 1
B. 10
c. 30
D. 60

2s. When using in vitro labeled cells, the most
impo~t consideration in patient stiety
is;

A. minimizing ceil lysis when
withdrawing blood

B. minimizing the chance for
misadministration of blood
products to the wrong patient

c. limiting the quantity of tin injected
D. encouraging frequent voiding to

minimize radiation absorbed dose
to the bladder
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