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Simultaneous Red Cell Mass and Plasma Volume
Determinations Using *'Cr Tagged Red Cells
and I Labeled Albumin'

G. A. Wood, B.S.2 and S. H. Levitt, M.D.?

Oklahoma City, Oklahoma

Several techniques for the simultaneous determination of red cell mass and
plasma volume have been developed and published (1-5). These techniques in-
volve the use of '] labeled albumin and 5/Cr labeled red cells. It is difficult to
measure quantitatively ¥I and ®Cr simultaneously by energy spectrum analysis,
because ! has its major photopeak at 364 kev and %Cr at 320 kev. Our labora-
tory was unable to resolve satisfactorily these two isotopes according to the
method of Shires (5) and to make reproducible determinations of red cell mass
and plasma volume.

With the availability of 2] labeled albumin, our interest was renewed in the
simultaneous determination technique. It was felt this isotope could be utilized
satisfactorily, since I has its major photopeak at 28 kev. A standard 2-inch
Harshaw integral line Nal well crystal assembly was found to satisfactorily
count radiations of this energy.

METHOD

Our technique consisted of tagging red cells with sodium radiochromate
and injecting these cells into an antecubital vein followed by an injection of 28]
labeled albumin through the same needle. Since the Cr tagged red cells and the
125] labeled albumin were injected separately, dilutions of these materials could
be made for use as standards in the study. However, the venous blood obtained
from the patient contained both !?*I and ®'Cr. The following procedure was neces-
sary to quantitatively evaluate the amounts of these two isotopes in our sample.
The same sample was counted under two different spectrometer conditions, (1)
an integral count of all radioactive emissions from the sample with a zero base
line; (2) an integral count with a base line of 70 kev.

*This study was financed by an American Cancer Society Institutional Grant.

*Present Address: Department of Physics, The University of Texas M. D. Anderson Hos-
pital and Tumor Institute, Texas Medical Center, Houston, Texas.

*Division of Radiation Therapy and Isotopes, University of Oklahoma Medical Center,
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Mathematically one may express Condition (1) which represents zero base
line and Condition (2) which represents 70 kev base line in two simultaneous
equations:

K:I + KzC = A (1)
K] + K.C =B (2)

I = the count due to the total amount of iodine

C = the count due to the total amount of chromium

A = the observed count under Condition (1)

B = the observed count under Condition (2)

K,, K,, K3, K4 = the fractional portions of I and C which are represented
in the counts A and B

Under Condition (1) (since zero base line was maintained) 100 per cent of
the iodine and chromium in the sample were counted, 7.e., K; and K, factors
are 1.0. The coefficients, K; and K, may be determined by counting samples of
pure *I and pure ®Cr under the different spectrometer Conditions (1) and (2)
since
Amount of I counted under Condition 2

K = Amount of I counted under Condition 1

Amount of chromium under Condition 2
Amount of chromium under Condition 1

K4=

The K; and K, coefficients are fractions which are dependent only upon the
settings of the spectrometer and not the amounts of the isotopes in the sample.
The choice of a different base line value under Condition (2) will only change the
value of the constants K; and K. Our choice of 70 kev was an attempt to mini-
mize K; while maintaining a high value for K,.

Dividing equation (2) by K3 and subtracting to eliminate the factor I in the
two equations yields a solution for C as

_ B —Ksd
¢= K, — K;
and substitution of this solution into equation (1) yields a solution for the iodine.
I = KA — B
T K,— K,

On our spectrometer, it was found that K; had a value of 0.005 and K, a value
of 0.89, with less than 1 per cent variation. The fact that '#] is still detected with
a base line set at more than twice its peak spectrum probably only indicates
coincidence counting.

Using 30 uc of chromium and 10 uc of ?*], the value of K;I was so small that
assuming K; = 0 did not alter the final measured volume by more than 15 ml.
This assumption simplifies the formulae to:
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B
C = K.
. T . . . KsI .
This approximation is valid, however, only if the ratio K.C s very small.
4

Figure 1 shows an energy spectrum of 1*I and ®Cr and the conditions under
which the samples were counted to separate the two isotopes.

LABORATORY PROCEDURE

With a method of determining the amount of ?*] and 5'Cr in a sample, the
following laboratory procedure was developed.

1. Fifteen ml of blood is drawn from the patient, of which 10 ml are in-
jected into a ‘‘safe tag’’ bottle! containing approximately 5 ml of special formula
ACD solution. Five ml are injected into EDTA for use as a background sample.

2. Forty-five microcuries of sodium chromate ®Cr are added to the 15 ml
mixture of blood and ACD, giving a concentration of approximately 3 uc/ml.

3. After 15 minutes incubation at room temperature, 50 mgm of ascorbic
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Fig. 1. Approximate energy spectra of I and *'Cr. Heavy line at 70 kev indicates posi-
tion of base line under Condition (2) indicated in text.
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acid are added to reduce the chromate ion to the chromic form and stop further
tagging in the bottle.

4. Ten ml of the labeled red cell mixture are injected into a vein and, using
the same needle, 5 ml of 2] labeled albumin which had been diluted to a con-
centration of 2 uc/ml in normal sterile saline are injected.

5. Fifteen minutes postinjection, 7 ml of blood are withdrawn from the
opposite arm and mixed with EDTA.

6. From the bottle of tagged blood, 1 ml of blood is withdrawn and diluted
in 100 ml of normal saline. One ml of this mixture placed in a test tube, and
labeled as Sample No. 3. A 3 ml sample of the tagged blood is centrifuged and
1 ml of plasma is removed and diluted in 100 ml of normal saline. Then, 1 ml
of this mixture is placed in a test tube and labeled as Sample No. 4. A hematocrit
is determined on the blood in the bottle and labeled Hematocrit No. 1.

7. One ml of the postmix blood sample from the patient is put into a test
tube and labeled Sample No. 5. A 3 ml sample of blood from the patient is centri-
fuged and 1 ml of plasma is put into a test tube and labeled Hematocrit No. 2.

8. Five ml of the albumin solution are injected into 1000 ml of normal
saline and well mixed. One ml of this mixture is put into a tube and labeled
Sample No. 2.

9. One ml of background blood is put into a tube and labeled Sample
No. 7. Three ml of this blood are centrifuged and 1 ml of plasma is put into a
tube labeled Sample No. 8.

Counting all samples under Conditions (1) and (2) gives data from the
following samples:

Room Background

RISA Standard

Whole Blood %'Cr Standard
Plasma 5'Cr Standard

Whole Blood Sample

Plasma Sample

Whole Blood Background Sample

8. Plasma Background Sample

It was decided to indicate counts by means of a coding system such that
Sample No. 1, counted under Condition A and B would be Sample No. 1A or
Sample No. 1B. For example, 2A would be the RISA Standard counted under
the Condition of zero base line and 3B would be the whole blood 5'Cr Standard
counted under 70 kev base line Condition.

Nounswd e~

DERIVATION OF FORMULAE

In general, the principle of measuring a volume by dilution techniques is
that the volume is equal to the total amount of material injected, divided by the
concentration of a sample drawn after complete mixing (6).

v=¥
n

N = Total injected material
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n = Concentration of sample

In order to measure red cell volume it is necessary to determine the total
amount of !Cr tagged red cells which was injected and the concentration of
tagged red cells in the postmix sample. Since whole blood is counted, this count
must be corrected to indicate the activity due to 1 ml of red cells.

_ Activity in 1 ml whole blood — Activity of 1 ml plasma (1 — H,)

Therefore, N. i,

where N. = Activity of 1 ml red cells
H, = Fractional portion of the whole blood standard which is red cells.

Now N = N.X M X H, where M is the number of ml of whole blood injected
and M X H, is the number of ml of red cells injected. N indicates the total amount
of Cr which is tagged to red cells and injected. The Cr activity in the sample
which is withdrawn after mixing is:

n = Activity 1 ml whole blood — Activity 1 ml plasma (1 — H,)
= oA

where H, is the fraction of the whole blood sample which is red cells. Division
by H: corrects the count to 1 ml of red cells. Since the standard is diluted, it
must be multiplied by a dilution correction factor DF. Hence, the formula for
red cell volume using our notation is:

34 —[44 (1 — H))]
SB — (6B (1 — H,)]
where H, = Hematocrit of bottled blood
H, = Hematocrit of patient

M = ml injected (10)
DF = Dilution factor (100)

RBCV =

X H; X M X DF X K,

In the derivation of the formula for the plasma volume the same basic for-

mula V = g is used. It is possible to directly measure 1 ml of plasma so that

hematocrit corrections are eliminated. N is equal to the product of the activity
of the standard, the number of ml injected, and the dilution factor. The quantity
n is the difference between the total activity in the plasma and the Cr activity
in the plasma. The formula for plasma volume, using our notation, is:

24
PV = FT_B X M X DF
K,
where M = ml injected (5)

DF = Dilution factor (200)

Although in the formulae the numbers indicated are gross counts, it is necessary
to correct the numbers to net counts per minute per milliliter before using them.
The corrections for the activity in the background blood are made by subtracting
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samples 7 and 8 from 5 and 6, respectively, prior to the time 5 and 6 are used
in the formula. This correction is necessary only if the patient has had prior
radioisotope studies. The values of K; and K4 can be calculated from the ratio
2B
24
pure samples of I and *'Cr to compute the values of these two constants.

of the counts, K; = and K, = g—e . This procedure eliminates keeping separate

RESULTS

In evaluating the reproducibility of this technique, ten normal subjects were
chosen and the measurement was performed on them twice with a two-hour in-
terval. No attempt was made to restrict the hydration, food intake or exercise of
these subjects since it was desired to evaluate the errors in this method and apply
them to the estimation of errors in patients who are seen in a random manner and
are not at a base line condition. The results of these studies are shown in Table 1.
As can be seen in the red cell volume determinations, the first determination
average was 1818 ml with a standard of 416. The second determination was 1795
with a standard deviation of 370. A statistical analysis of the differences between
the two determinations showed that they were not different at the 0.05 significance
level.

In the plasma volumes, the first determination was 2692 with a standard
deviation of 305; and the second determination, 2727 with a standard deviation
of 406. Again, these determinations are not statistically different indicating that
the method is reproducible.

A group of patients with no known cardiovascular abnormalities was also
studied by a single determination of this method in order to evaluate our results
in comparison to other authors. A summary of the data from this group appears
in Table II. In evaluating these patients, the ratio of the isotope computed
hematocrit to the peripheral hematocrit was examined. The ratio average was
.894 with a standard deviation of 0.08. This value agrees with the finds of other
authors (2, 7). Total measured blood volume was compared to blood volume
estimated on the basis of height cubed, and weight, as reported by Nadler et al
(7). The mean of the estimated blood volumes was 4,415 with a standard devia-
tion of 546. The mean of the measured blood volumes in this group of patients
was 4,166 with a standard deviation of 756. The differences between these two

TaBLE 11

SuMMARY OF RESULTS IN 41 PATIENTS WITH No KNOWN CARDIOVASCULAR
ABNORMALITIES

Isotope Hematocrit  Estimated  Measured Per Cent

Blood Blood Tagging

Peripheral Hematocrit  Volume Volume of B'Cr
Mean .894 4415 4166 92.4
Standard Deviation .08 546 756 3.3

Number of Subjects 41 37 41 41
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values of estimated and measured blood volume are not statistically significant at
the 0.05 level.

Since the red cells were not washed to remove excess 3'Cr prior to injection,
the per cent tagging of red cells was investigated. A per cent tagging mean of
92 with a standard deviation of 3.3 per cent was found. Approximately 8 per
cent of the chromium is unbound after 15 minutes of tagging, and suitable cor-
rections must be made when counting whole blood in order to obtain the amount
of chromium bound to red cells.

SUMMARY

The simultaneous measurement of red cell mass and plasma volume is the
best way to study both blood compartments under the same physiological con-
ditions. 131 and 5'Cr are difficult tracers to use because of their overlapping
energy spectra.

We have successfully used 2] labeled albumin and 5!Cr labeled red cells
as tracers. A method for this measurement is presented along with results in 10
normal subjects and 41 patients.
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