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Was submitted for publication on 18 April 1968. 

Staff Sergeant Guy Stmng and Staff Sergeant John Harper gave technical 
assistance. 
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system. 

This report has been reviewed and ia approved. 

G E ~ R G E  E. SCIUFER I 
Colonel, WAF, YC 
Commander 
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ABSTRACF 

A standard method is given for determining chromium-51 red cell survival curves, 
red cell mass, total .blood volume, and plasma volume. Typical values found are: 
red cell survival TW of 22 daya; red cell mass, 22 ml./kg.: total blood volume, 
60 ml./kg.: and plasma volume, 28 ml./kg. A method is also described for separating 
superimposed W r  red cell survival curves. 
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RED CELL MASS, RED IEU SURVIVAL AND l0lU MOO0 VOLUME 
WllH CHROMIUM-51 

I. INTRODUCTION 

A standard method has been devised for 
determining red cell mass, red cell survival, 
and total  blood volume. It gives accurate and 
reproducible values. The procedures are com- 
binations and modifications of those previously 
established (1, 2, 3). 

11. MATERIALS AND METHODS 

%.3 solutton 

The radioactive chromium or “Chromitope” 
is prepared in a buffered solution (sodium 
bicarbonate buffer), with NaOH or HCI added 
to adjust the pH to 7.4. The chromium is sup 
plied as the Na salt. The solution is sterilized 
and is suitable for human use. 

The chromiumdl solution has a specific 
activity of 42.7 mc./mg., and an activity of 
approximately 215 ,.c. per milliliter of solution. 
Chromium-51 emits gamma rays by K-captuk, 
and 9% of the gamma rays have an energy of 
OB20 MeV. For each procedure, 30 cLc. are used. 

Gamma spectrometer 

Chromium-51 activity is measured with a 
gamma spectrometer. The component that 
measures the radioactivity is a NaI scintilla- 
tion crystal, having dimensions of 3 in. x 3 in.. 
with a central well measuring 2.03 in. x 2.13 in. 
The photomultiplier multiplies incident photon 
energies to the 11 dynode; that is, the incident 
energy is raised to the eleventh power. The 
spectrometer has been calibrated not only for 
full-scale energy of 1 Mev a t  a gain setting of 
4070, but also for settings of: 0.5 MeV, gain 

equala 80%: 2 MeV, gain equals 20%; and 
4 MeV, gain equals 10%. 

Optimum instrument setting for slCr blood 
determination 

The coarse gain is set a t  40% and the fine 
gain a t  2.370 (maximum count rate). This 
will measure gamma energies of 0 to 1 MeV. 
The discriminator dial settings are: bottom 
level, 280: and upper level 360. The back- 
ground is automatically subtracted. 

Dosimetry 

The total-body dose of gamma radiation 
from one injection of W r  is 5.25 mrem. Week- 
ly maximum exposure limits are 100 mrem. 
Since the exposure from one injection of W r  
is well below the maximum, many studies 
can be performed on the same patient or com- 
bined with other isotope studies without ex- 
ceeding the exposure limits. 

General procedure for W r  studies 

Draw 10 ml. of whole blood, plaee it in a 
sterile tube, and to this add 2.0 ml. of ACD 
solution (10 ml. solution containing 250 mg. 
of sodium citrate (anhydrous), 132 mg. of 
dextrose, and 80 mg. of citricacid (anhydrous)). 
Mix gently but thoroughly for 1 minute. Add 
30 pc. of sterile W r  and incubate for 45 min- 
utes a t  room temperature, mixing gently. 
Centrifuge for 15 minutes a t  3,000 r.p.m. and 
remove the plasma. Carefully wash the packed 
red cells with sterile saline. After each ad- 
dition of saline, mix gently and centrifuge for 
15 minutes a t  3,000 r.p.m. Remove the saline 
and re-wash the cells. Repeat this procedure 
three times, keeping the cells sterile. 
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Resuspend the cells to 10 ml. with sterile 
saline and divide the suspension into two parts. 
The first part is drawn up in a 5 mI. syringe 
for use as the injection dose. The remaining 
suspension is used to make the standard and 
is diluted to 100 ml. with sterile saline. The 
injection is given and the time recorded as the 
starting point. After 10 minutes, collect a 
5 ml. sample of blood (in heparin). Also col- 
lect two micro-hematocrit tubes d blood and 
determine the hematocrit. Correct the hem- 
atocrit for trapped plasma by multiplying by 
0.98. Measure the activity of the 5 ml. whole 
blood and 5 ml. of the standad. With these 
values plus the hematocrit, determine the red 
cell mass by the formula: 

Standard x dilution factor 
Activity whole bImd/hernatocrit 

= RCM 

The blood volume and plasma volme are cal- 
culated by means of the red cell mass (RCM) 
and the hematocrit. 

Red cell survival 

The activity found in the 5 ml. of whole 
blood drawn a t  10 minutes is the initial activity 
value of the red cell survival.curve. At 24- to 
72-hour intervals, up to 30 days, 6 ml. blood 
samples are drawn (in heparin) until a totd 
of 15 samples has been collected; and then 
the activity of the samples is determined. 

The plot of the activities vs. time in days 
will give a linear curve. From this curve can 
be found the time when the initial activity 
value drops to 50% the TM of red cell survival. 
After all samples have been collected, they are 
counted at  one time to eliminate the need for 
decay correction. 

In. RESULTS 

Red ceU mam, blood volume, and plasma 
volume 

Normal values are: red cell mass, 
20.4 - 31.2 'c 2.7 ml./kg.; total blood volume, 
51.0-81.2 k 7.3 ml./kg.; and plasma voii.me, 

27.6 - 52.0 t 6.1 mI./kg. (4). Typical WT 
values are: red cell mass 25 ml./kg.; total 
blood volume 55 m l ~ k g . ;  and plasma volume 
30 ml./kg. 

Red ceU survival 

Figure 1 shows a red cell survival curve. 
From this curve can easily be determined the 
time necessary for the initial red cell "Cr 
activity to drop to 50%. Changes in the red 
cell survival will be reflected in changes in 
the survival curve slope and therefore in the 
T%. Large blood loss during the time the 
survival curve values are collected will change 
the curve to a nonlinear curve, and the T*h 
cannot be calculated correctly. For many 
pathologic states the change occurs slowly, and 
the survival curve remains linear. 

If the 51Cr study is to be repeated before 
the full 3Oday period, an extrapolation technic 
can be used to differentiate the first curve 
from the second. This technic is only valid if 
the survival curves are  assumed to be linear 
for the full 3Oday period. To resolve the two 
curves, the first curve is extrapolated in a 
straight line to day 30. From this extrapola- 
tion line the TI/? of the first survival curve can 
be found. Subtracting the calculated values of 
the extrapolated line from the complex curve, 
the values of the second curve can be resolved. 
If these new values are then plotted, the T?/B 
of the second survival curve can be found. 
This procedure is illustrated in figure 2. 

FIGURE 1 

A t y + d  red ceU su+viunl mmt. 
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be separated. To determine SlCr-vaIues when 
W r  is the only activity present, either method 
of stopping the label can be used. 

Thir mmplcz  curve, whirh results w h m  a ssccnd 
nrrvival sup~,, ,posed ,,,, tb ,,,.id&, 
tratcr how the miginal T H  is resolvsd 

labeling of red cells (2). One result of this 
second method is that W r  activity remains in 
the plasma. We have been interested in com- 
bining red cell survival studies with ferrokineb 
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