AEFESaNL  F5 1R

Radio-isotope Red Cell Survival Studies
Recommended by ICSH*

BEERMTRE FAE FhHRRHREE(CSH #E)

MEFEE, 538 BimiEEmns B Bl kmRe] AR 3 HEERs s Esie 2
?%0}‘4 ‘3‘ FmERE G BE-S #ime] AR ¥ BARES Bfddl= 8 RN BE 2 B
Bl j\ﬁs st RMBRESBEN & 1919 55 Ashby 71 BREE R differential agglutina-
tion ife] FIMIsI ol $hot ol =2 o] Slm Hike] MMl EEE AR AZE KM
Al o] ﬂﬂﬁ_s of $tvh. ife] MCrely}, *DFP 22 MAHERMITHES FIAE Hike] HAH
LA, BERAEYS. 2 fumBREG BIE] ere] MfTEII gxulk oMAAAE o Jiikelv #Re] MR
BEfoy <k slo] oleh B KA A AR dE AAslx e ARORESGEEES Atk
chromium(3!Cr)#: 0 2 1950 7. Gray ¢+ Sterling of] #8 gJ&E= LK w2 BEEJ Kl oA
o] EiEE o] S|, o]2] 7}% Z B E SCr o ﬁmﬁzf?%oﬂ Zbd BRIl Ak oz
T M B FEiNE] WEE vlx ] whfelrh o] 8l Ak AL & WACA AR e
fliel] EEob olel o Fie) MR W MR adel AR e #iEhel M A Hiksl JEmel Kk
fHle) W vl HEe] BRI A Salrvh 1966 4 &M Sydney ol 4 BilEsISE 11X BEEM
Esga] ozl %4k International Committee for Standardization in Haematology(ICSH)el| 4
Diagnostic Applications of Radioisotopes in Haematology o] B3l expert panel & ZH&A-S ik
bl vhgab A& 1249 FHe| swsd o HHEY  #Ed Dr. Swr, {889 Dr. Glass 7t &
% SE(E= vk B 1967 i 5T London o] 4] A &rfye] 2-2# New York, Vienna(TAEA t£i%)
Bethesda(NIH ##)ell 4 HMMRAGE 23 KinskEGHEHED B BRY —%E 2

ICSH o} BB im#EEEGo A5 o|ual = RmBREGMEES del Bashd, BlEdst o2
R MRl BIELE WY AfeR old Wiflikd e HMEE BET AS EF wasld ol
% LS s wbol )

ol 5 K4t - chromium 352 X5 HipAYS) e Edefbala olo= M b WS Bl
=g, MCriEH Fikol 3101*12] A 7VR| g, 5 ACD 8, Citrate-wash &, ACD/ascorbic acid
e 55 @gski ook =3, DFP(DF®P x+ SH-DFP) f@Zike] BEHkE TMlstz do

S U5 EEIY AL ﬁllﬁlﬁiipﬁﬁﬁﬁw‘?iﬁ"i“] BiE7tx Kol @7 st f&d HE
8l TsCr ft&ol mean red cell life span-3 fFHE AL Btz olvl (e &)

Dr. N.I. Berlin

List of Panel Members Metabolism Service
National Cancer Institute
Dr. E.H. Belcher Bethesda, Maryland 20014, U.S.A.

Section of Nuclear Medicine Dr. J.G. Eernisse

Division of Life Science University Hospital

International Atomic Energy Agency

Leiden
Karntner Ring 11, Netherlands
P.O. Box 590,
A-1011 Vienna, Austria Dr. L. Garby
Department of Clinical Physiology
- *ICSH (International Committee for Standardiza- The University Hospital
tion of Haematology) Uppsala, Sweden

—_— 1 —_—



2 —-The Korean Journal of Nuclear Medicine:Vol, 5, No. 1, 1971—

ICSH member &

(7 2%-6 Dr. Belcher, Dr. McIntyre, Dr. Eernisse, Dr. Lewis, Dr. Glass, Dr. Garby, Dr. Saur,
Prof. Mollison, Dr. Berlin, Dr. Naejean, Prof. Lee)

Dr. H.1. Glass

Department of Medical Physics

The Royal Postgraduate Medical School
Hammersmith Hospital

London, W. 12, England

Dr. H. Heimpel

Abteilung fiir Haematologie und Gerinnungsforschung
Universitat Ulm

Steinhovelstrasse 9

79 Ulm/Donau, Fed. Rep. of Germany

Professor M. Lee
Department of Medicine and Radioisotope Clinic
Seoul National University Hospital

Seoul, Korea

Dr. S.M. Lewis

Department of Haematology

‘The Royal Postgraduate Medical School
Hammersmith Hospital

London. W. 12, England

Dr. P. MclIntyre

Division of Nuclear Medicine

‘The Johns Hopkins Medical Institutjons
Baltimore, Maryland 21205, U.S.A.

Professor P. L. Mollison
Department of Haematology
St. Mary’s Hospital
London, W. 2. England

Dr. Y. Najean

Laboratoire des Isotope
Universite de Paris

Hospital Saint-Louis

2 Place du Docteur Fournier

Paris 10 eme, France

Dr. L. Szur

Department of Radiotherapy

The Royal Postgraduate Medical School
London, England

The Fourth General Assembly of the International
Committee for Standardization in Haematology, which
met during the 11th International Congress of Hae-
matology, held in Sydney, Australia, 1966, establis-
hed an expert panel on the Diagnostic Applications
of Radioisotopes in Haematology. The panel comprised
E.H. Belcher(I.LA.E.A), N.I Berlin,(U.S.A), J.G.
Eernisse, (Netherlands), L. Garby, (Sweden), H.I.
Glass, (UK.), H. Heimpel, (Federal Republic of
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Germany), M. Lee,(Republic of Korea), S.M. Lewis,
(U.K.)), P. Mclntyre, (U.S.A.), P.L. Mollison, (U.
K.), Y. Najean, (France), and L. Szur, (U.K.).
The chairman of the panel was Dr. Szur and the
secretary Dr. Glass. The panel held its inaugural
meeting in London, 1957, and decided to deal first
with estimation of red cell survival and associated
investigations. Subsequently, the Committes met on
tiree occasions, in New York, in Vienna (under the
auspices of the International Atomic Energy Agency)
and in Bethesda (under the auspices of the National
Institutes of Health). The {oliowing document deals
with red cell survival studies. It is hoped that in the
near future, similar documents will be issued dealing
with other applications of radioisotopes in haema-
tology.

Red cell survival studies are performed in large
numbers in hospitals throughout the world but so far
there has been no standardization, either of methods
or of interpretation of results. The present document
deals with only some of the methods available.

The methods of red cell labelling which are used
fairly widely in clinical practice are those of ‘random
labelling’ in which either the whole population of red
cells, or a sample of the whole population, is labelled.
Techniques in which only red cells produced over a very
limited period of time are labelled (‘cohort labelling’)
have so far been used only for research purposes.

For random labelling, radioactive sodium chromate
has been more widely used than any other label. In
describing results observed with radiochromium,
most workers have until now used a single index:
the time taken for half the label to leave the circula-
tion, commonly known as T4 Cr or, better, the T5,Cr.
Because chromium elutes from red cells and because
the curves of disappearance of red cells from the
circulation may have more than one component, the
T5Cr has no simple relationship to the mean red cell
life span, which is the parameter required in clinical
practice.

The situation is further complicated by the fact
that values for the T;Cr in normal! subjects vary
considerably. This variability is due partly to the use

of different techniques of labelling, which have been

shown to affect the rate of elution of chromium from
the red cells, and partly to differences in calculating
the results.

The present document sets out to standardize all
details of the radiochromium methed, although three
minor variations in the method of Cr-labelling are
allowed.(Table ) The more important methods of
deducing mean cell life from radioactive chromium
measurements are described. It is hoped that the use
of the index “T5Cr” will before long be abandened.

Standard methods for labelling red cells with DFP
(both DF3?P and %H-DFP) are also described. DFP
has the great advantage of not eluting from red cells
(except during the first 24 hours, when most ohser-
vers find some loss).

Throughout the document, unless otherwise speci-
fied, it is assumed that the patient’s own red celis
are being labelled. Donor red cells may be needed to
study compatibility (see section 4) and are also
needed very occasionally to discover whether a hae-
molytic state is due to an intrinsic defect of the
patient’s red cells or to some pathological procsss
resulting in the accelerated destruction of intrinsically
normal red cells. Except in these circumstances survi-
val studies should be conducted using the patient’s
own red cells, to avoid the risk of iso-immunization

and of transfering infectious disease.

STANDARD TECHNIQUES FOR RED-CELL
SURVIVAL STUDIES

1. Techniques using 5Cr

1.1 Labelling

During labelling, all operations should be carried
out by sterile techniques and all solutions used must
be sterile and pyrogen free. The following description
allows one of three methods to be used. In the most
commonly used of these, method A (ACD method),
blood is mixed with acid-citrate-dextrose CACD) and
come of the supernatant citrate plasma is removed
before incubation with 51Cr. The red cells are washed
before being injected. In method B (citrate-wash
method) the red cells are washed in citrate-phosrhate-
dextroze solution before being incubated with 5!Cr;

in other respects this methed is exactly the same as
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method A. In method C (ACD/ascorbic acid method)
the red cells are not washed following incubation
with 5Cr but instead ascorbic acid is added and the
suspension injected directly.

1.1.1 Methods A and C: Obtain blood in a plastic
or glass syringe by venepuncture. Add 10 volumes of
blood to 1.5 volumes of “N.I.LH.A” ACD solution.*
(Other formulae do not appear to have obvious phys-
iological advantages. The commercial availability of
pre-packed sterile kits for 5!Cr iabelling of red cells
does have practical convenience; however, their use
may require different factors for elution correction
(See 3. 3).

Method B: Obtain blood by venepuncture and add
one volume of blood to not less than two volumes of
citrate-phosphate-dextrose sotution.**

1.1.2 Methods A and B: Centrifuge the suspension
at 1000~1500g for 5~10 minutes. Remove and discard
supernatant plasma taking care not to remove any red
cells. If leukocyte count is greater than 25,000/ul
also remove and discard buffy coat.

Method C: Centrifuge suspension only if leukocyte
count exceeds 25,000/gl. In this event, following
centrifugation, remove and set aside plasma. Remove
and discard most of buffy coat, taking care to remove
as few red cells as possible. Replace plasma and mix
well.

1.1, 8 Add 5'Cr sodium chromate solution slowly and
with continuous gentle mixing to the packed red cells
or blood. The amount of 5!Cr added should be as low
as possible consistent with the equipment used to
measure the radioactivity of the samples. In no case
should the activity of the injected S!Cr be greater
than 1,5 ¢Ci/kg body weight. The specific activity

* “N.ILH.A” ACD solution:

Trisodium citrate dihydrate 2.0g
Citric Acid 0.8g
Dextrose 2.5g
Water to 100 ml
#* Citrate-phosphate-dextrose solution:
Trisodium citrate dihydrate 3.0g
Sodium. dihydrogen phosphate 0.015g
Dextrose 0.2g
Water to 100 ml

‘The solution has a pH of 6.9 after autoclaving at
Toom temperature and has a brown tinge.

of the 5ICr should be such that less than 2 ug of
chromium is added per ml of packed red cells. The
added 5'Cr sodium chromate should be in a volume
of at least 0.2ml, being diluted in 9 g/l sodium chlo-
ride solution (isotonic saline). Allow mixture to stand
at room temperature for 15 minutes or incubate in a
water bath at 37°C for this period.

1.1.4 Methods A and B: Wash labelled cells twice
in 4~5 volumes of isotonic saline. After the second
wash there is generally less than 1% of the remaining
radioactivity in the supernatant liquid. Resuspend
red cells in a sufficient volume of isotonic saline to
allow intravenous injection of 20 ml, or a lesser amount
if appropriate to a particular circumstance (e.g. chil-
dren). When red cell osmotic fragility is greatly
increased e.g. in some cases of hereditary spherocy-
tosis, wash the red ce.!ls in 12g/! sodium chlioride
solution.

Method C: Add 50 mg of ascorbic acid and mix well.
1.1.5 If the total red cell volume or external blood
loss is to be determined, set aside an aliquot.of
the labelled red cell suspension for preparation of
appropriate standards. When method C is used it is
necessary to determine the packed cell volume(PCV)
of this aliquot and centrifuge part of it so that the
amount of radioactivity in the plasma can be deter-
mined. Inject a known amount of the labelled red
cell suspension. Methods to determine this amount
precisely will be discussed in the document on stan-
dard techniques for estimation of blood volume.

1.2 Sampling

At 10 minutes take a 5~10 ml blood specimen from
a vein other than that used for injection. When it is
suspected that mixing will not be complete in 10
minute (e.g. in patients with gross splenomegaly) a
specimen should be taken at 60 minutes instead. Solid.
heparin (0.1mg/ml of blood) or ethylene-diaminete-
traacetate (EDTA)(1. 5:-0. 25mg/ml of blood) should
be used as anticoagulant. When method C is used, it
is necessary to centrifuge part of the 10 or 60 minute
specimen so that the amount of radioactivity in the
plasma can be determined and an appropriate correc-
tion applied. Take a further blood specimen at 24
hours, 3 further specimens between day 2 and day 7
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as a check on the stability of the measuring equip-
ment. A sufficient amount of this standard solution
should be prepared to allow aliquots to be discarded
after measurement. Its activity should be comparable
with that of the 60-minute blood specimen.

2.3.2 Dry-sample counting:Disposable tray method

(DF32P)

Centrifuge approximately 5 m! of each blood speci-
men. Remove and discard supernatant plasma. Wash
cells three times with saline as described above. Make
up red cell suspension approximately to the original
volume and measure the PCV. Mix suspension well
and pipette 1ml samo»les into disposable trays of
aluminium foil. Dry samples at approximately 70°C.
Seal each tray in cellophane. For radioactivity measu-
rement, wrap the tray around a cyclindrical thin-wall
Geiger-Miiller counter tube.

2.3.3. Dry-sample counting: Planchet *method

(DF*P)

Centrifuge approximately 10ml ‘of each blood speci-
men. Wash cells three times with saline as described
above, resuspend cells and measure the PCV of the
suspension and then lyse cells with saponin, As the
sample is to be dried later, the saponin may be added
in an equal quantity of water. Alternatively, lysis can
be achieved by adding an equal quantity of 10 g/1 am-
monium hydroxide solution. Pipette known volumes
of lysate on to metal planchets to the floors of which
discs of absorbent material have been fixed. Dry
samples at a temperature not exceeding 30°C. Measure
radioactivity of dried samples by means of gas-flow
or thin-window Geiger-Miiller counter,

2. 3. 4. Combustion/liquid scintillation counting

method ((H-DFP)

Centrifuge approximately 2ml of each blood speci-
men. Wash cells 3 times with saline as described above.
Lyse cells by the addition of an equal volume of distilled
t at 70°C and

grind residue to a powder. Combust a known weight

water. Dry lysate to constant wei

of this powder in a Schéniger apparatus or other
combustion apnaratus that yislde water quantitativelyv.
Transfer resulting 3H-water to a counting vial con-
taining liquid scintillator. Measure radioactivity of

samples in a liquid scintillation counter.

3. Presentation and Analysis of Red Celk
Survival Data

3.1. The object of red cell survival studies is to
obtain estimates of the rates of red cell production
and destruction. If the patient is in a steady state
(see 3.2) the rate of destruction (and, by definition,
the rate of production) may be obtained as the product
of the volume (or number) of circulating red cells
and the fractional rate of disappearance of labelled
cells at zero time. The reciprocal of this latter value
is, by definition, equal to the mean red cell life span.
Mean red cell life span is here defined as the mean
survival time ‘of all circulating red cells irrespective
of ,whether they are destroved by random destruction
or senescence mniechanisms. Derivation of red cell
production and destruction is simple only when the
patient is in a steady state and when the red celi
label is not eluted from the circulating red cells.

It is common to use 5'Cr survival data to determine
the T5Cr, that is, the time taken for the concen-
tration of 3'Cr in the circulating bleod to fall to
509 of its initial value after correction of the data
for physical decay. The chief objection to the use of
this index is that without additional information, mean
red cell life span cannot be calculated irom it. Since
it isTpreferable to derive estimates of mean red cell
life span from the data, methods of doing this will
be described, and methods of estimatiﬁg “T5oCr” will
not be discussed.

3.2. A patient is in a steady state when the rates:
of production and destruction of red cells have been
constant for a time that is not less than the life span
of the longest living cells in the particular patient.
“Destruction” in this context includes the loss of red
cells from the circulation by haemorrhage, both
internal and external. In practice, a patient can be
considered to be in a steady state if during the pre-
vious two months and throughout the period of the
study, the reticulocyte count and the haemoglobin
concentration (or PCV) do not change significantly
and the patient is not being transfused. Information

on the haematological indices during the period pre-
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and thereafter at least 2 further specimens per week
for the duration of the study. Measure the haemoglobin
{g/100 ml) by the hemiglobincyanide (cyanmethae-
moglobin) method or the PCV on a part of the
:specimen.

1.3 Sample preparation and radioactivity

measurement

For the preparation of samples for the measurement
«of radioactivity add to each specimen a small amount
of saponin powder and mix well, preferably on a
mechanical rotary mixer for 5 minutes, Deliver 1~3
ml of the lysed blood into a counting tube. In
«cases of polycythaemia and in case where the blood
is unusually viscous the whole blood should be well
mixed and delivered in the the counting tube before
being lysed with saponin. Agitate gently, taking care
not to allow the sample to touch the cap of the
«counting tube. The volume delivered must be known
precisely and if necessary made up to the same volume
in each consecutive sample. To achieve precision and
to minimize errors in pipetting, selected pipettes of
.similar type should be used for a given series of
-samples. Alternatively, pre-calibrated all-glass 1 ml
tuberculin syringes may be used. When practical it is
preferable to prepare replicate samples of each speci-
men,

1.3.1 Measure the radioactivity of each sample in
a well-type scintillation counter or other suitable
gamma ray measurement system to a statistical ac-
curacy of +2% (1 standard deviation). When method
« is used the 10 minute (or 60 minute) plasma sample
must also be measured, but a lower statistical preci-

:sion is acceptable for this sample.

2. Techniques using radioactive diisopropyl
phosphorofluoridate (DFP)

2.1 Labelling

Labelling may be carried out in vive or in vitro
ysing either 3¥P-DFP (DF#P) or 3H-DFP. Labelling
in vivo is carried out by intravenous injection of
DFP in propylene glycol. Intravenous injection is
preferable to intramuscular injection because of a
lesser degree of early elution. In vitre labelling has
the disadvantage that the low uptake of DFP necessi-

tates t_he injection of a large volume (100~200 ml)
of labelled cells.

2.1.1 Methods

Inject the radioactive DFP solution intravenously
over a period of 10~15minutes. The amount of DFP
injected should not be grea;ex;}han 0.02 mg/kg body
weight. The activity of the radioactive DFP injected
should not exceed 0.7 pCi/kg body weight with
DF%P, or 7 pxCi/kg body weight with SH-DFP. If
the radioactive DFP solution has to be diluted, this
should be done immediately before injection using not
more than 10 ml of isotonic saline.

2.2 Sampling

At 60 minutes take a blood specimen from a vein
other than that used for injection. Solid heparin (0.1
mg/ml blood) or EDTA (1. 520, 25mg/ml blood) should
be used as anticoagulant. Take a further blood speci-
men at 24 hours, 3 further specimens between day 2
and day 7 and thereafter at least two further speci-
mens per week for the duration of the study. Measure
the haemoglobin or PCV on each specimen. The
volume of blood removed must be appropriate to the
method to be used for radioactivity measurements.

2.3 Sample preparation and redioactivity

measurements

Three methods of sample preparation for DF #P
and one for SH-DFP are described. The choice of
method for DF32P depends on the laboratory facilities
available.

2.3.1 Liquid-sample counting method (DF%P)

Mix each blood specimen well and pipette a known
amount (usually 10 ml) into a tube with a “10 mi”
mark. Centrifuge blood. Remove and discard super-
natant plasma. Wash red cells 3 times with isotonic
saline (but see 1.1.4). Care must be taken not to
remove any red cells during these procedures. After
the final wash lyse cells by adding a small amount
of saponin powder and add saline to the 10 ml mark.

Measure the radioactivity of the lysed samples in
a liquid sample Geiger-Miiller counter tube designed
to accept approximately 10 ml of liquid. It is desirable
to measure an aliquot of a standard solution containing
32p (%2P-phosphate or hydrolysed D%P in 10 g/1

sodium phosphate solution) after every few samples
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ceding the study may however be incomplete in which
case a steady state may have to be assumed. Measure-
ments of radioactivity in blood samples derived from
patients in a steady state should be expressed as
counting rate/g Hb, or counting rate/ml red cells or
counting rate/ml of whole bleod. In a non-steady state
it is not possible to measure mean red cell life span
with accuracy partly because the age ’ distribution of
red cells in a population may be distorted and partly
because the red cell volume is changing. Nevertheless
on the assumption that the total blood volume remains
constant an approximate estimate can be obtained if
the measurements are expressed as counting rate per
m! of whole blood.

3.3. DF*?P is an especially satisfactory label because,
at least after the first 24 hours, it is not eluted from
the red cells. On the other hand 5!Cr is eluted at a
rate which significantly affects estimates of mean red
cell life span. The average rate of chromium elution
is of the order of 1% per day, which is of the same
magnitude as the normal rate of red cell destruction.
Accordingly, variations in the rate of elution in diffe-
rent individuals may seriously affect the accuracy of
estimates of mean red cell life span when survival is
normal or only slightly reduced. On the other hand,
when mean red cell life span is considerably reduced,
chromium elution and variations in the rate of chro-
mium elution become relatively unimportant.

3.4. The following sections summarize the way in
which mean red cell life span should be estimated
from DF%P or 5Cr measurements in a steady state.
Correction for physical decay is assumed.

3.4.1. In studies with 5Cr in which methed C is
used, correct the measurements on the 10 or 60 minute
Correct all 5Cr

measurements for elution {see Table 1),

sample for plasma radioactivity.

3.4.2 Plot the data, whether derived from SCr
(corrected for elution) or from DFP, as counting
rate/g Hb, counting rate;ml red cslle or counting
rate,;ml whole blood on semi-logarithmic and linear
graph paper.

3. 4.3 Examine the plot on linear

paper to see ifa

straight line can be fitted to the data points. I

jarky
w
Rel

use a least squares fitting procedure to obtain the

line, and determine the goodness of fit. If a straight
line does not fit the data well, examine the plot on
cemi-logarithmic paper to see if a straight line can be
fitted to the data thus plotted. If so, again use a least
squares fitting precedure to obtain the line and deter-
mine the goodness of fit. If it is not cbvious by simple
inspection which plot gives the best fit apply a stati-
stical fitting criterion. If neither of these procedures

results in all the data being satisfactorily fitted by a

Table I Mean Cr survival in normal subjects and
correction factors which convert the Cr
survival into ‘true’ red cell survival(mean
red cell life-span 115 days), when the ci-
trate-wash method (Method B) is used.

Day Cr. Survival |Correction Factor
0 100.0

1 96.2 1.08
2 94.0 1.05
3 92.0 1.06
4 90.1 1.07
5 88.2 1.08
6 86.5 1.10.
7 84.7 1.11
8 83.1 1.12
9 81.4 1.13
10 79.9 1.14
11 78.3 1.16
12 76.7 1.17
13 75.2 1.18
14 78.7 1.19
15 72.2 1.20
16 70.7 1.22
17 69.3 1.23
18 67.8 1.25
19 66.3 1.26
20 64.9 1.2
21 63.4 1.29
22 62.0 1.31
23 60.5 1.32
24 i 59. 1 1.34
25 57.6 1.36
26 56.2 1.38
7 54.7. 1.40
e , 53.3 1.42
z '{ 51.9 1.45
3 50.4 1.47
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Table I Radiation dose to the patient in red cell
survival studies

Fraction of ..
. Mean radiation
Label Critical ad?mlst_er.ttad dose to patient
organ | fadloactivity |,..° Ci adminis-
. reaching critical tered (mrad)
organ red (mra
S1ICr (a) | Spleen 0.2 3.87
SICr (b) | Spleen 1.0 89.3
DF3?P (c) | Blood 0.25 7.7
SH-DFP(c) Blood 0.25 3.52
Notes:

(a) Intravenous injection of labelled normal compatible
cells into normal subjects

(b) Intravenous injection of labelled damaged or non-
compatible cells

(c) In vive labelling of cells by intravenous injection
of label

straight line, obtain the initial slope of the curve on
the linear plot by drawing a straight line through
the first few points only. In studies with DFP, the
60 minute data point should not be used in the fitting
procedures, since some elution of this label may occur
over the first 24 hours.

3.4.4 Derive the mean red cell life span as the
reciprocal of the slope of the straight line obtained
by one of the three procedures outlined in 3.4.3. In
the case of a semi-logarithmic plot, the reciprocal of

the slope is obtained by multiplying the half time of

the fitted line by 1.4.4

3.5 If computing facilities are available the follo-
wing method is used instead of that described in 3.4.3
and 3.4.4:

3.5.1 Fit functions (1) and (2) below to the data:

N /N,=(e"¥* —e kT)/1—e*7 (€))
N /N,=ae*+(1—a)e"* &)

Where N,=radioactivity at time “t” corrected if

necessary for elution and expressed in °
any of the ways described in 3.1.1
N,=radioactivity at time “0” corrected if

necessary for elution and similarly ex-
pressed.

Equation‘ (1) is based on a model for red cell
survival and assumes that all the circulating red cells
have the same potential life span (T) and are subject
to random destruction at ‘a constant rate with a coef-
ficient (k). Estimation of the mean cell life span is
however independent of whether the model is cortect
or not.

Equation (2) is one of several empirical formulae
which can be used simply for fitting a mathematical
function to the data. The constants a,8,7 are purely
empirical and have no physiological significance.

3.5.2 If function (1) fits the data better, use the
initial slope of the fitted function to obtain an esti-

mate of the mean red cell life span. In this case the

Table 1
Procedure | Method A Method B | Method C
1. Anticoagulant [ ACD. C.P.D. \ ACD.
2. Sample used for Red-cell suspension Red-cell suspension Whole blood

labelling (after centrifugation)

(Remove buffy coat only

(after centrifugation)
if wbc<(25000/21)

3. Isotope addition Identical

for each Method

4. Removal of unbound

Washing in saline
chromium

Washing in saline Addition of ascorbic acid

5. Standard (for blood

volume detection)

Aliquot of washed
cell suspension

Aliquot of washed cell
suspension

Aliquot of blood
corrected for plasma

6. Sampling

Identical for each Method

7. Sample preparations
10‘and 60’ samples

Lysed whole blood

Lysed whole blood

Lysed whole blood:

corrected for plasma

| radioactivity

8. Subsequent samples

Identical for each Method

8 —



computer derived parameters T and k also yield
estimates of the potential life span and coefficient of
random destruction.

3.5.3 If function (2) fits the data better, use the
initial slope of the fitted function to obtain estimate
of the mean red cell life span only.

3.6 In cases where there is an external blood loss
and where this blood loss has been constant for a long
time, the true mean red cell life span (T) is given
by the equation below, where T., the apparent mean
red cell life span is calculated in accordance with
3.4.2-3.5.3

m - \
T—Ta ‘ *L—\[—:,EI‘:)*

where T=true mean red cell life span (days)
Ta=apparent mean red cell life span (days)
V=total red cell volume (ml)
L=average rate of loss of red cells (ml/day)

4. Use of isotope labelled red cells as a test
of compatibility

4.1 The main indication for the test are as follows:

(a) When serological tests suggest that all donors
are incompatible. (b) when ‘cold’ antibodies are pre-
sent, active iz vitro at 30°C or higher and a non-
reacting donor cannot be found, (¢) when the recipient
has had an unexplained hemolytic transfusion reaction
and requires a further transfusion.

4.2 Conduct of test: Take a blood sample from
a potential donor, label approximately 0.5 ml of red
cells with 20 xCi 51Cr and make up a suspension of
the washed cells to about 13 ml. Inject 10 ml and
prepare a standard from the remainder. Note the time
of injection of the cells precisely by starting a stop-
watch at the mid-point of injection. Take blood sam-
ples at 3’, 10’ and 60’ from a vein other than that
used for the injection. At 10’ and 60’ take sufficient
blood to provide plasma as well as whole blood for
radioactivity measurement.

Preferably, estimate the recipient’s red cell volume
approximately either by injecting a sample of the
recipient’s own red cells labelled with a small amount
of 51Cr (10 ¢ Ci) before injecting the donor red cells
(in this case labelled with 50 xCi) or by injecting

the recipient’s own red cells labelled with 3°P. Alter-
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natively, deduce the recipient’s red cell volume from
the patients weight, height and PVC,

4.3 Interpretation: When compatible red cells have
been injected, the counting rate of the 60 minute
sample is, on the average, about 99% of that of the
3 minute sample. In the individual case, due to errors
of measurement, values between 94% and 104% may
be accepted as normal.

In cases of urgency or when there is great diffi-
culty in finding completely compatible red cells,
donor red cells may be transfused with minimal hazard
when, following a test with 0.5ml of the donor’s red
cells, the amount of radioactivity in the plasma, both
at 10 and 60 minutes, does not correspond to more
than 5% of the radioactivity injected and when red
cell survival at 60 minutes is not less than 70%.(N.B.
if survival is at least 70% the deduction is that the
concentration of the offending antibody is very low
<o that the destruction of a large volume of incompa-
tible red cells will be either negligible or will take

place only slowly).

5. Radiation Dose to the Patient in Red Cell
Survival Studies

5.1 Table 1 gives the data relating to the radiation
doses to a 70 kg patient in the procedures described
ahove. It should be emphasized that the calculations
on which these data are based involve many assump-
tions. Firstly, the blood circulation cannot readily be
represented in terms of a physical model for purposes
of dose calculation. Secondly, detailed quantitative
data concerning the distribution and fate of the diffe-
rent radioisotopic labels in the body are lacking.
Thirdly, even if such data were available for a given
procedure in normal subjects, the corresponding data
in pathological conditions could be very different. The
data do not therefore give more than an approximate
indication of the radiation dose to the patient in the
various procedures.

5.2 Table T shows the dose to the critical organ
or tissue—the organ or tissue of the body most likely
to suffer radiation damage as a consequence of the
procedure in question—per #Ci of administered radioa-

ctivity.
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5.2.1 When 5!Cr-labelled red cells are injected,
S1Cr is slowly eluted from the cells in the circulation.
The labelled cells eventually undergo destruction in
the reticulo-endothelial tissues, mainly in the splean,
from which the deposited radioactivity is again slowiy
eluted. In these circumstances, the critical organ may
be taken as the spleen. Two extreme situations are
considered. The first of these corresponds to a normal
red cell survival study; the labelled cells are assumed
to be removed from the circulation at the end of their
normal life span, 2025 being trapped in the spleen.
The second corresponds to 2 study with damaged or
non-compafible cells; the labelled cells are assumed
to be rapidly removed from the circulation, 1007

being trapped in the spleen. The dose to this orzan

is then, of course, considerably higher.

5.2.2 When celis labelled with radioactive DFP are
injected, elution of the label in the circulation is
insignificant aiter the first 24 hours. The labelled
cells again eventually undergo destruction in the
reticulo-endotheliz! tissues, notably in the spleen; but
in this case the deposited radicactivity is quite rapidly
lost from ths tissues. In these circumstances, the
critical organ may be taken as the circulating blood
itself. Only the situation corresponding to a normal
red cail survival study is considered here, since this

t radiation dose to the

Lt an

case will result in the hiches

circulating blood. With DF**P the radiation dose is
considered to he delivered to the whole hiood, with

‘H-DFP to tha-rad calls only.




