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INTRODUCTION

Erythrocyte 5!Cr-tagging method is widely used
in determination of red cell survival time. It
gives, however, reliable results only when the
red cell mass remains constant during the study.?

Under such circumstances only, the variations
of radioactive concentration in the red blood cell
faithfully and solely reflect the rate of removal
of the tagged red blood cell from the circulation.

In several _pathological conditions such as in-
creased hemoiyéis and/or decreased production of
red blood cell it is not possible to measure the
red cell survival using the traditional technique,
because the red blood cell mass is subject to
change during the study. In the event of unsteady
state, it would be necessary to measure the va-
riations in the total quantity of circulating 5'Cr red
blood cell directly, but not the change in concen-
tration. It is estimated that the survival time of
51Cr red blood cell would be changed in the
anemic subjects with blood loss resulting in the
change of red blood cell mass.

However, little work has been done on the
relationship between the blocd loss and survival

of red blood cell.

In this study, the authors have measured the

S1Cr red blood cell survival in chronic posthe~
morrhagic hypochromic anemic cases due to-
hookworm infestation, excessive blood drawn for
transfusion, and during blood loss due to daily
phlebotomy.

MATERIALS AND METHODS

Fifty six patients were included in the present
study.

In twenty-six healthy medical students small
amount of acute blood loss (experimental group-
A) was produced by daily phlebotomy in the
amount of 10, 25, 50, 75, and 100 ml for 10 to 15
days. On the day before phlebotomy, Cr tagged
own erythrocytes were injected to each subject.

Fourteen healthy medical students, in which a
total amount of 1, 000 ml of blood has been drawn,
were divided into 3 sub-group according to the
phlebotomy schedule. Hundred milliliter of blood
has been drawn daily for 10 days in the first
subgroup, 200 ml. every other day in the second,
and 500 ml. twice in 10 days in the third sub-
group.

These students were subjected this study as a
category of large amout of acute blood loss

(experimental group B).
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Nine chronic posthemorrhagic anemia subjects
caused by repeated phlebotomies for transfusion
{experimental group C) were studied,- and seven
dewormed subjects with moderate iron deficiency
.anemia who had been infested with A. duodenale
and never used iron preparation (experimental
group D) were included in this study.

All the subjects were free from the intestinal
bleeding and occult blood in the stools.

Measurement of red cell survival

T 1/25%Cr. The procedure of Gray and Ster-
ling? modified by Read® for labeling erythrocytes,
was used. To 20~30ml of blood, 100uCi Nay
31CrQ, were added and each experimental subject
was injected intravenously with 8~10 ml of labeled
blood, leaving 2ml of blood for preparation of
standard.

Blood samples were taken at 15,30 minutes,
24 hours after injection and daily for 14 days
thereafter.

51Cr results were expressed as both counts per
unit volume of whole blood and red blood cells
and they were not corrected for elution.

Measurement of intestinal blood loss

The method for measurement of blood is des-

cribed in this journal.®

2!

RESULTS

L 5Cr red blood cell half-life (T1/2) anc
acute blood loss.
(a) Small amcunt of phlebotomy group (ex
perimental group A)

Table 1 and Fig. 1,2,3,4, and 5 summariz
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Fig. 1. Hematological data and ¥'Cr red cell half-life
during blood-lettings in the amount of 10m
daily for 14 days.

Table 1. Average hematological values and °Cr red cell survival times in various experimental series

Hb \} Het ; Serx;m iron iRed cell survival time
Experimental series No (g/100 mD) ‘\ 8 | (1g/100 mD) [~ (expressed)
; i . o | 7 hole! b
cases Begin; End ?Begm‘ End })Begm‘ End EC;)H};}/;?(V) d°le§ Cp::a/sls» ¢
| i i : ' |
10mll 6| 151 149 45.3 447 182.7,1038 281 28.2
Small amount 25 mi 6 14.6] 14 li 4.5 42. O‘ 131. 6‘ 112. 2 22.6 22.8
(Ei}geé)gg;mf;) 50 ml 4 14.3 12.6; 41 3l 3o. 0 109. 9% &3 4: 15. 4 17. 4
(daily/14d). 75ml | 41 13 Oi 12 2‘ 41| 87 97.9 €6 13.3 17.2
Acate blood | 100ml| 6| 143 13.0 43.5 B8 8 1044 &L4 131 16.2
| i I ! j ! _ _
i : { f ! R o | ~
Large amount ;100 mlxX5 6 } 14, 3: 13.0; 43. 5\\ 38. El. 104. 4 £4. 4: 13.1 | 15. 2
phlebotomy 200 mIx5 4 145 121 48 o 39. 0 127.z 103.¢  13.8 16.6
> i | =l i - o ~
Exp- growp B) 500 mig 4| 145 118 46.0 39.5 97.0 éoe 130 18.5
T “Post hemorrhagic anemia 9 i [ or | as | R *{ —_ 19.2 (27. 6)*
Chronic iron (Exp. group C) | 6 4| 11.9] 24 ! o0 z (7 s 2 ( )
def. anemia Hook-worm anemia 7 - [ i -g 4 P
(Exp. group. D) 1 9.5 j 35 29, 4 ; 3. 0

* Number in parenthesis is 5!Cr red cell half-life corrected with Het values.
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Fig. 3. Hematological data and S!Cr red cell half-life
during blood-lettings in the amount of 50 ml
daily for 14 days.
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Fig. 4. Hematological data and 5!Cr red cell hali-life
during blood-lettings in the amount of 75ml
daily for 14 days.

the results in the experimental group A. In the
group of phlebotomy of 10 ml daily, 5!Cr red cell
half-life measured by cpm/ml of red blood cell
mass (RBCTm) was 28.2 days.

When the daily amount of phlebotomy increased
to 25ml, 50 ml, 75ml, and 100 ml, the 5!Cr red
blood cell half-life was shortened to 22.8, 17.4,
17.0 and 16. 2 days, respectively. The more the
blood loss, the shorter the 5!Cr red cell half life
was.

The rate of shortening, however, was found to
be considerably slow when the daily blood loss
exceeded 50 ml. The 5Cr red cell half-life mea-
sured by cpm/ml of whole blood (WBTm) in
case of daily phlebotomy amounting 10 ml to
100 ml, as in above, were 28.1, 22.6, 15.4,
13. 3 and 13.1 days, respectively (Tab. 1, Fig.
1,2,3,4,5, and 6).
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Fig. 5. Hematological data and 5!Cr red cell half-life
during blood-lettings in the amount of 100 ml
daily for 14 days. :

As shown above, the %Cr red cell half-life
following phlebotomy of 10 ml and 25ml was
almost same regardless of measurement by red cell
mass or whole blood. The value, (WBCTm),
however, was more shortened in daily phlebotomy
exceeding 50 ml, than that measured by cpm/ml
of red cell mass.

The values of hematocrit, hemoglobin and
serum iron were also decreased. The difference
between the values RBCTm and WBTm is belie-
ved to be due to decrease in red blood cells and
hematocrit.

When the values were corrected for 5'Cr lost
due to blood loss (RBCTc) they should have
been 31.1, 28.3, 27.5 28.0 and 29. 8 days,
respectively, and lengthening of the values instead
of shortening in daily phlebotomy exceeding 50 ml
has been observed. This can be explained by the

possibility that the production of red blood cell -

{doys) o—&: RBC Tc ; Comected >'Cr T% for blood loss
5o o—o: RBC Ts: ¥Cr T4 compensated for biood loss -
o—s : RBC Tm; ®'Cr T3 measured with cpm/m}
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of whole bloo
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RBC Tm:

wB Tm
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Amount of daily blood loss
Fig. 6. Effect of acute blood loss on %Cr red cell
half-life (T4) measured with various con-
ditions.

can not reach the amount of blood loss and it
gives a faulty impression of lengthening. If the
amount of blood loss is completely compensated
theoretically, the values of 5ICr (RBCTs) should
be 32.0, 28.2, 23.4, 20.0, and 17.5 days,
respectively.

Actual lenghthening of 51Cr red cell half-life
corrected for 5!Cr loss(RBCTc) is believed to be
due to lowered dilution effect of total red cells
by less production of red cells (Fig. 6.)

b) Large amount of phlebotomy group
(experimental group B)

Results in experimental group B were illustrated
in Table 1 and Fig. 5,7 and 8.

There was no significant difference among the
three subgroups in S!Cr half-life measured with
both epm/ml of whole blood and red cells.

However, there was a tendency of shortening
of 51Cr red cell half-life, although it is not as
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Table 2. Red cell life spans and laboratory findings in chronic posthemorrhagic subjects

(professional blood donors)

Het Hb Serum i Serum ’
(7:)  Het (2/100mlD) * |j Hb (ug/lOO‘r:n!l’) iron- | Mea- | Cor-
. 13crgase ‘gm lﬁm sured | rected | Treat-
. . uring . uring . i
ases| Begin ‘ End | o udy | Begin l End (gs;‘llg(})' Begin | End sgg;g T4 9CrT4 5Cr| ment
—of %) of 1 of |(ue/100| (4> | (4)
survival study survival study survival study ml) -
1{ 24| 35 1| 68| 121 | 53| 48 | 8.5 | 3.7 | 185 | 269 |oral iron
2 29 37 8 7.8 1 122 | 44 | 60.0 | 825 | 225 | 2.9 | 27.9 |oral iron
3| 27! 36 8 | 74121 47 | 66 | 750 | 9.4 | 2.2 | 259 |oral iron
s | wm 9| 66| 120 | 54| 424 |75 | 31| 221 | .0 [oalion
50 2| 3| 10| 66| 1.8 52|46 | 785 | 289 | 221 | s09 [P ion
- | :
6| 1| 8 16| 53| 122 69|35 | 70| %5 | 152 | 28 |oralion
71 o m 30 7.0 1.7 | 47 | 520 | 85.5 | 33.5 | 24.6 | 26.9 foral iron
g 18 8| 15! 55| 115 } 6.0 | 356 | 708 | 5.2 | 14.2 | 26.0 [proliron
o| 18| 8| 17| 50 18| 68| 308 | 705 | 507 | 139 | 264 [raliron
S I TR 9| 64 | 119 | 55| 470 | 7.2 | 302 | 192 | 27.6

—32
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Table 3. Red cell life spans and laboratory findings im hookworm anemia subjects after deworming

e Ery. - Hb Het Serumiron | MCHC T3 #Cr | Blood loss
Cases ¥ mil) | (@/100mD | (%) |(g/100mD| (%) @) (ml/d.)
11 2.86 8.5 30 45.5 28.3 26 )
12 3. 42 9.5 36 56.5 25.3 28 3.5
13 3.57 9.0 34 50. 8 27.9 29 - 1.7
14 3.67 10.0 40 68. 2 25.0 26 3.1
15 3.80 9.8 38 68.7 25.8 25 )
16 2.96 9.7 33 60. 4 29.4 28 3.3
17 3.55 10.0 35 66.9 28.5 31 )
Average 3.40 9.5 5 | so4 | oz s | o3
i
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HBig/ 1D0mi) . Het
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aou Hot: 42%, 431150 . [
= o Serumiron : 1269 ug/ 00| SICr red cell half-life was shortened with a range
ol e a0} 1c0 from 13.9 to 22.1 days, the average being 19.2
‘ ' days. In a non-steady state, the measurement of
ok %90 radioactivity/ml of red cells is not reliable, while
-~ ~—= RBC count in a steady state where the red cell mass is con-
'\\\ stant, the measurement . of radicactivity/ml of red
T e cells is more reliable. In. a non-steady state, one
can obtain better estimates by measuring the
specific activity of whole blood.?
However, Strumia® has reported that corrections
Phiebotomy (daily/i15d ) ’
P —— smi of the values obtained must be made according to
. O'Z)lsﬁ Te !lolllx!ﬂ‘s 20 25 30
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Fig. 9. Hematological data and Cr red cell half-life
during blood-lettings in the amount of 5ml
daily for 15 days.

significant as in the small amount of phlebotomy
(experimenal group A).

D) 3Cr red blood cell half-life (T 1/2)
.and chronic posthemorrhagic anemia

a) Chronic iron deficiency anemia (experi-
mental group C)
All the subjects in this experimental group(C)
resented a history of 10 to 12 blood drawings
f 380 to 480 ml every year over a peroid of
he past 5 years.

Phlebotorny was withheld and iron preparation

the variations in the volume of red cells caused
by the rate of new red cell production. :In this
series, 51Cr red cell half-life was .corrected for
rate of change in hematocrit value between the
end and the start of %ICr study,® and it was
almost similar to data(RBCTc) obtained in acute
blood loss group. It was found that the correc:
ted 5iCr red cell hali-life was lengthened to nor-
mal range (Table 1 & 2).
b) Hookworm anemia(experimental gtoup D)
Seven dewormed subjects with moderate iron
deficiency anemia who had been infested with A.

duodenale and never used iron preparation were
included in this study and Table 1. and 3

_ illustrate the hematological data and !Cr red cell

half-life.
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The hematocrit values ranged from 30 to 409%,
the average being 35% and their hematological
values were almost invariable during the study.

SICr red cell half-life ranged from 25 to 31
days, the average being 28 days which is within
the normal range of variation although hypochro-
mic anemia and small amount of intestinal blood
in the feces(1. 0~3. 5ml/d) were found in some
cases.

- Blood loss of such an amount is not of sufficient
magnitude for the observed decrease in erythrocy-
tes survival time. However, judging from our
experimental data, 5ICr red cell half-life hase
been shortened even by daily loss of 3ml or so
(Fig. 9). This extent of shortening might also
be happened by the normal ranging of experi-

mental error.

DISCUSSION

Literatures on red cell survival in posthemorr-
hagic (iron deficiency) anemia caused mainly by
blood loss are scarce’>® and they are still contra-
dictory. The span of iron deficient red cells in
circulation is assumed to be normal by many
investigators, %10,11,12,13,14,1

Rash et al,1® Verloop et al.,1” Layrisse et al.,1®
Alvar Loria et al.,} Hamilton et al.,® Shira-
kawa,?® and Keiderling et al.? found that life
span is shortened in iron deficiency anemia.

Layrisse et al.1® demonstrated in hookworm-

infested subjects that excess hemolysis takes place’

in severe iron deficiency anemia, with marked
changes in morphology of the red cells in addition
to intestinal blood loss, and they represent evi-
dence suggesting that the spleen plays an important
role.

Hamilton and Sheets® have raised the possibi-
lity that the abnormal survival might be due to
a toxic effect unrelated to lack of iron. Farid
et al.?? demonstrated a close relationship between

the severity of iron deficiency anemia and the

shortened red cell half-lif, and the half-life was-
found to be shortened in all patients with hemo-

globin value under 6.5 gm per 100 ml, regardless

of intestinal biood loss.

Layrisse et al.,® however, demonstrated that
there was a poor correlation between %ICr red cell
survival, and the amount of blood loss. Temperley
et al.1? reported the blood loss of 3~17 ml per:
day in feces would not alter the S!Cr survival in.
the blood to any significant degree.

Information on red cell survival in experimen-
tally phlebotomized anemic subjects and animals;
is also scarce.

Bale?® and Bush? found normal red cell sur-
vival in experiméntally phlebotomized anemia ani-
mals. On the other hand, Neuberger and Niven®
Berlin and Lotz,2® Fedorov,*” and Shirakawa?®
reported the shortened red cell life span and they
have suggested that red cells produced in response:
to acute hemorrhage are functionally poor from:
the stand point of life span, although adequate in:
numbers to replace rapidly the red cells lost.

It seems likely that red cell half life in irom
deficiency anemia is maintained normally as long-
as a steady state without bleedings continues during:
the %Cr study.

In summary of literatures reviewed, the erythro--
cytes survival studies in iron deficiency anemia

due to blood -loss have never Leen satisfactorily

* concluded.

The following possibilities could be put under-
consideration for such controversies.

First, most subjects under study were hemorr--
hagic anemia patients caused by blood loss due to-
hookworm infestation and no detailed information:
on the extent of anemia or amount of blocd loss
was given. Production rate of erythrocyte in bone-
marrow in those subjects during observation was.
also not estimated.

Second, most of reports gave no quantitative:

measurement of blood loss which was the main:
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wse of iron deficiency anemia. Even when
ieasured, they were not corrected to observed
ICr curves.

Third, consideration should be taken into ac-
ount whether or not they were treated with iron
aring the 51Cr study.

Fourth, 5Cr elution rate during the study
hould be considered.

As described above, determination of 5!Cr red
ell half life in unsteady state is not simple and
nany influencing factors should be under con-
ideration. Correction of amount of blood loss
may be the first requirement.

The methods for correction have been reported,

but they were obviously inaccurate and oversim-
Jlified in view of the complexity of the problem
ind they are not satisfactory.

In normal values so far reported, there were
no regards on exact amount of blood samplings
which might cause blood loss.

Is not considering the exact amount of blood
ampling one of the factors causing some differen-
es in normal erythrocyte survival time by vari-
pus reporters?

(doys)
¥, Th=0e™ 4 b
40r x : Amount of blood loss
354 S Cr TE=170600495% 4 18,4 §0000924x

20
1184
1170 .
T$: 750mi
{2, 10000924,

\ri:lle (A, :0.0495;
i0

0o 25 50 75 100
Amount of doily blood loss

Fig. 10. Effect of acute blood loss on %Cr red cell
half-life (T%).

Based on our experimental data, red cell half-
life would be approximately 25 days when the
daily amount of blood sampling reaches 20 ml for
2 weeks (Fig. 6).

The authors have postulated a formula which
expresses 5!Cr red cell half-life measured in the
subjects with blood loss during 5!Cr study (Fig.
10).

SICr T Yg—ae 4 X-+be2X
Where X; amount of daily blood loss
a ; initial compartment
b ; second compartment
A1; decay constant of intial compartment
495 decay constant of second compartment

“2” indicates 17.0 and “b”. 18. 4days as shown

in our experimental data (Fig. 10). Then
S1Cr T 14=17. 0 ¢ 0.0485% {18, 4¢~0.000924x

This formula can be applied only for acute blood

loss during ®'Cr study and further detailed experi-

mental

study should be followed in chronic

posthemorrhagic anemia.

CONCLUSION

The 51Cr method for measurement of red cell
survival is applicable only in the steady state of
equation between red cell production and des-
truction and stable red cell mass.

When there is a change in red cell mass due to
blood loss, hemolysis, suppression of red cell
production or ineffective erythropoiesis, the result
is often misled.

In this paper effect of blood loss on %Cr red
cell survival during the study is presented.
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