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=Abstract=
Study on the Measurement of 5!Cr-tagged Red Cell Survival

——Reevaluation of its method & the effect of Blood loss

on red cell suruival with 3Cr——

Hak Yong Choi, M',D" Chang-Soon Koh, M.D. and Moonho Lee, M.D.

Department of Internal Medicine, College of Medicine, Seoul National University

Reappraisal measurements of apparent half survival time of red cell by #Cr method was made
and effects of blood-letting over red cell survival were observed.

The study _was performed on 53 normal male subjects under three different experimental
conditions.

1. Group 1

Mean 5ICr red cell half survival by ACD wash method was 29.7 days.

T4 of Ascorbic acid method was 29,0 days in group with 100 mg dose and 29.1 days in group
with 50 mg dose respectively.

There was no difference between these two methods in regards to red cell half survival No-
difference were noted in amount of ascorbic acid administered.

2. Group 2

As daily amount of blood loss is increased the shortening of red cell half survival was noted.
Rapid phase was seen when blood loss ranged 10 to 25 ml per day, while slow phase noted
when more loss amounted 25 ml or more daily. Thus, it was clear that there was more than an
exponential relation between Ty and the amount of blood loss.

3. Group 3

T} measured by cpm per whole blood was within normal range and Ty measured by cpm per
red cell mass showed shortening tendency when compared with the former in the group measured af-
ter blood loss (from 25ml daily up to 100 mi daily; in 10 days). In the group with rather constant

blood loss of 100 ml daily for 10 consecutive days revealed the significant difference in two
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measurements (P<0. 01).
4 Ty in non-steady state

4. No. 2, 1970—

When red cell production is increased compared with red cell destruction, T4 measured by cpm

per red cell mass being shorter than that by cpm per whole blood. Shortening of T measured by

cpm per whole blood is more prominent, if red cell destrction is enhanced and exceeds production.

5. It is clear that when expressing red cell destruction rate, T} measured by cpm per whole

blood is more adequate and production more consistent with cpm red cell mass.

6. Ty measured during blood-letting, when corrected by amount of blood loss, it remains

normal. It is erroneous to use conventional equational when measuring T4 in non-steady. T%

measured by cpm per whole blood is considred more applicable in clinical evaluation.
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Table 1. 5'Cr red cell survival time in normal subjects with standard ACD method.

Case |Sex | Age | B | HbGem/dD | Het(%) occult blood z‘é‘;ﬂfe’]‘f";gg&ml) T+ (Day)
BKS M 23 60 14.2 40 — 1.6 0.2 30.0
OKC M 23 60 14.9 45 — 1.6 0.2 30.0
YYS M 23 65 41.2 42 — 15 0.2 20.0
. KJS M 24 64 14.6 43 — 15 0.2 29. 8
LJs M 22 62 13.5 40 — 1.5 0.5 28.0
KYCI M 22 62 14.5 45 — 1.5 0.5 30.0
KCI M 20 55 13.8 43 — 1.4 0.5 27.0
KY] | M | 21 58 16.0 47 — 1.4 0.6 30.0
Range 20~24 | 55~65 | 13.5~14.5 40~47 1.4~1.6 0.2~0.6 | 27.0~30.0.
Mean 1.5 29.7
Table 2. *'Cr red cell survival time in normal subjects with ascoric acid method.
(Ascorbic Acid, 100 mg)
Case | Sex | Age | %% | Hb(gm/dl) | Het(%) |cocult blood |——dministered dose | 1\ fy,
2) uCl/kg  |volume(ml)
KDK| M 23 66 17.2 51 — 1.7 0.9 30.0
KDS M 25 58 16.5 50 - 1.5 0.9 29.0
HMD | M 20 62 13.6 45 - 1.5 0.8 28.0
KSW{ M 20 58 145 46 — 1.3 0.8 29.0-
KHB M 20 63 16.5 50 — 1.3 0.8 29.0
CSH M 23 56 17.0 46 - 1.3 0.6 30.0°
CCW{ M 20 60 15.0 49 — 1.1 0.6 29.6
HSW | M 21 64 16.0 45 — 1.0 0.5 29.0
CNK | M 23 62 15.0 47 — 1.0 0.5 29.0
KBS M 27 57 14.0 41 — 1.1 0.5 28.0
Range 20~27 | 56~66 | 13.6~17.2 41~51 1.0~1.7 0.5~0.9 28.0~30.0
Mean 1.28 29.0
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Table 3. %ICr red cell survival time in normal subjects with ascorbic acid method.
(ascorbic acid, 50 mg)

B.W. o administered dose ‘

Case | Sex \ Age (e ] Hb(gm/dD) | Hect(%) |occult blood «Ci/kg ]volume(ml) Ty (‘day)

CDH M 24 65 13. 8 42 — 1.3 0.2 30.0

PYH M 25 60 14.3 42 — 1.5 0.2 28. 4

SIK M 23 57 13.7 38 - 1.5 0.2 28.0

KKH| M 21 62 14.5 45 — L5 0.2 30.0
Range 57~65 | 13.7~14.5 33~45 1.3~1.5 0.2 28.0~30.0
Mean 1.4 29.1

Bg SICr4] radioactivity & 1.4/B.W.kgolgl.eH
volume -& 0, 2 ml o] ¢l &},
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corbic acid(ascorbic acid method):
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Fig. 1. Effect of acute blood loss on 3Cr red cell
half-life (T ) measured ¢ various condition
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Fig. 2. Effect after acute blood loss on 5!Cr ced red
cell half-life(T4) measured with various
condition
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Fig. 3. 5!Cr red cell half-life Ty (CD during blood-
lettings in the amount of 100 ml daily for 14
days.
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Table 4 Average hematological valu *:Cr red cell survival time during blood letting.

phiebo- | no. ,’ Hb(gm/dD Het(%) Se(rl’lm;gl)F e 51Cr red cell half life
tomy | ofe | g,
ml/day { Cas , begin end j begin end begin\ end iRBCTm RBC Tc‘WB Tm! WB T¢{RBC Ts
1014 3| 151 | 149 | 453 | 447 [1327)1085 [ 20.3 | 312 | 29.5 | 30.5 | 320
25/14| 3 | 14.6 | 141 | 445 | 440 1316|1122 | 255 | 29.2 | 250 | 29.0 | 28.2
50/14 4 14.3 12.6 41.5 36.0 | 109.9| 68.4 24.0 30.1 18.0 28.6 23.4
75/14 2 ; 13.0 12.2 41.0 37.0 97.91 63.6 24.0 310 | 16. 2 28.5 20. O.
100/14 6 | 143 | 130 | 435 | 38.8 |1044| 644 | 228 | 3L6 | 149 | 30.0 | 175 -
RBC Tm: ®Cr-RBC T+ measured with cpm/ml of red cell mass.
RBC Tc:  Corrected RBC Tm for RBC loss.
RBC Ts: SCr-RBC T4 compensated for blood loss.
WB Tm: 3Cr-RBC T+ measured with cpm/ml of whole blood.
WB Tc:  Corrected WB Tm for blood lass.

w

ST K. J. K
81 - s—x RBC Tm
7 e WB Tm
6t
5 -
4l
i
2 -
Phlebotomy L
{daily 10OmI/10d) T3(30.04d)
Toa T LT .
=10 -5 O 2 4 6 8 0 12 14 16 18 20 22 24 26 28 30
RN Reticulocyte
o———e Hct [
o-~~-0 Reticulocyte ‘{4
i3
2
Ji;

Fig 4. Hematological data and *'Cr red cell half life after blood-lettings in the amount of

100 ml daily for 10days.
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cell survival time in experimenial group I

serum Fe | [ red cell sur

Cases Hb(gm/100 mi Het(%) reticulocyte (ug/100 m). ’ TIEC \vival time(day)
: beg-(10th! g-|10th b 10th beg1 10th | 4. RBC
| begin| 10th | Iast [2CE30M]asc P8 107 [tase PegifiOhiage bet| 30 [ tast | WB | RBC
SIK|150]141)149 46]45|45]|08 0.5 0.4 118] 110) 120 350] 314 | 370 | 30 : 30
2>5< ’1‘512‘1 0K S|145|143 14142 |42] 4|08 07 08 102 110 191 520 527 | 353|205 30
i i _ ~ P |
& % 147|142 145 44| 44| 43]0.6/0.6 0.6 110 110 160 335 321 | 368 |27.7| 30
|P.s.C 140|129 14043 | 4142|1318 11| 109 97 | 103 so1] 270 s72| 29 | 2
50ml/d| Y.Y.S 145|123 13.0( 40|39 | 89| 0.4 0.6 0.6 105 85 | 107 372 333 | 308 30 . 29
for 10dy, C.K.J | 14.8 | 12.9 185 | 44|35 |42 |0.4/2.3 0.4 135 94 | 105 356 345 | 375 | 30 | 2
i ; ; i i 1 i | -
s ieyg14.4;12.7E13.e|4zi39]41{o.7 1.5 0.7 114 92 | 105 350 316 | 352 [20.7| 287
CM.Y| 158 12.6 | 13.2 | 40 | 35| 41| 0.2 0.4 0.9 100 86 | 90| 376 z02| 838 | 29 | —
75ml/d| K.Y.S| 188 | 118 138 |38 130 3811013 1.2 97 |85|92|310 27| 372 28 | —
for 10 {C.Y.Y|13.8 | 11.9 | 12.5 |40 | 30 | 34 | 0.4/ 0.6/ 0.5 70 | 68 | 90 320 318 | 315} 29 | ~—
days | Y.J.K|8L.2010.9 127 |39 |27 |85 |10/ 421352 949 |34 265 330 | 30| —
% #|136l120] 151 50|52 a7 |07 161160 es|0 | 337 07| 338|200
. |xDs|izs|1alizs|30 3538 |16 16/82]|75|85|346 51| 335/30.0] 280
100ml/d) C.¥. M| 143 | 127 | 13.6 | 40 3437 | | 0.9 0.4 117) 80 | 103 327] 387 370}27.0} ~—
for 10 |P.C.R|14.2|12.8 | 129 |41 |39 40|07 2.0 0.7 92 | 82|93 |342 812| 345|30.0| 27.0
days |K. LK 13.6|109|127 42 37 39|07 10 |88|95 8 |363 333| 340{30.0] 280
T i T
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Roy(1933)?® Read, Wilson 3} Gardner'®(1954) Su-
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=9l vt.
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ok ol E SICr & FRmikel EZae HEANA BAN
Ql ZJ|E SICr ok RmHE MET kol FRIX 4
£ SCr o gEme]w wash method®3¢| 4= FMERE
HAH 0.9% AEKE BT EA EREA 4L

SICr & Freshu} ascorbic acid method'?el] 4] & ascorbic
acid & TN Fo2A Kok R VCrE BT
Aozl o o|A FrimkRel &S Bkt Aol
t}.  washing method 6 &= ACD method el citrate
wash method®»227} gl o ACD method 9} o8 B5i-&
# o A citrate-phosphate-dextrose §-4 0 2 Nag®Cr
0.0} Fifike WEA M HHEgcte RAold 3E &
#2.2 ACD method 9} Fl—3}r}. citrate wash method
o SICr & ACD &M mige] EHY =izt SCr g .
ACD el Ba@st7] W cirate 2 FEHT o =2A
SiCr o] RINES BOAASE Ae BEsgend?
o] FHiko® SCr ¢ ERY HKimFke) Ty 3184
(Mollison)!? 31.2 ¢ (Bernini et al), 30.3 2l (Molli
son), 29.0¢ (Garby)elgivkm sb BE M2 HEE
BREES JFRl BB A citrate-washed red cells &
EHAS SCr BHS WET mean red cell life(M.S.L)
o DFP & & M S L.¢ w4t vl gk 2
By Ty 8 EREEE o7k AA e BREel FmK
B9 EEE Jr FHS Acud: 4 gEd:
Aol of EFsn EEde AFE Yh P KHE
citrate wash method?0] $vhi FiEste BEEL
ACD method & B Ty 2l MIE#REF A &
HmEEANA @|Ests T4 £ o2 REERA &
Attt gtz 9=k

ACD 0]V} citrate Bl e IAsE BEVEE
ascorbic acid & FHE7F 5723 WA 4R gx SCr
8] —#i ascorbic acid &+ fE&de HABE MRI

B 7ol BA®E Y o] HAES} SICClLel To] ¥
2] HeeExob obA RexEs| Al ehgks) @&l ascorbic
acid method 7} F-=) HEEslo] ol Aol FR3= B
#% 9lth, ascorbic acid method o4& #Cr 3t A
®E MBI F  ascorbic acid B Yol %k sodium
chromate & BrHoz HE AA WRY &FL W
DAD 4 Qka® FES s Yok FHE WX
o] ffEsI BeWkkhel YR HE KM BEAR
6] A4 9L ascorbic acid method & At Ty <
FEdted motow o] #EASLE ascorbic acid &
8 %E- Tyl mAd PEL ¥ A BES 2
strh. Bl ascorbic acid 100 mg & e FEAY
Ty & 200 Aolgln BhE BHEL 26~32HE WE
g3 ek olek Re %Y Ee RERE T MK
(blood sample)s] Fell BIBI= & X&1.©

=3} ascorbic acid 50 mg RS Ty & F35 29.1
ol 2 ascorbic acid 100 mg FFEFS} & Ti{EE 2
grt.
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FHTO EFEANA ERY #H£ L wash method 1}
ascorbic acid method 2 SICr & Fimike] @Az %
PES Ty %71 9l T = ascorbic acid method o}
4] ascorbic acid & 100mg, 50mg & &% HHES
WES Trade %7 o=k

ol2 R FHES HMos nol FHKMoR EfEs
7| st PEES] Gii#El e 3]l ascorbic acid &
A% Zo] ol A As %3} ascorbic acid 8
BEEL Omgas FHsern 44

SCr ERFMIKE AT Ty BEH 100%ES &
Ebe FEE fEd Ty #He AAE 71 o
ol & e FHik KE ol

D 10 Fikell M RS BuaES 100%=

2 1053 2050 BRI BRS] Hhteed il
£ 100%2

Q@ 24N R A KatES 100%2 e
Jitk =e

@ 28 curveol] W& extrapolation(HistiE)

® 24 B [ES “0”H9] extrapolate st B

® Log-regression(least square)

@ “UCEE Q7 B A& 7 AR QL AEE
-8} extrapolation 3 o] glot —%5 REMst gk

EEY BReat 3l FHEREGtationary state)
‘ol 4] ascorbic acid method & #Hs= ¢ R} —&H
T8 o3& BhEEE FUMSl extrapolation $he] & F
HEE 10058 Eohe Aol FEA 2= ol& ascor-
‘bic acid 7} Bk SICr & SICrClL 2 BHA A Wy Hh
A7ls elEls RS BES EET 7 do
® 51Cr 3| ascorbic acid 9] —IF7F HABE BRI
£ Aol ¢HFH o] HEHIF CrClwt o] #=]
R Bl gleod SCrd 2MmE B {
‘buffy coat(E/EIE FrRTe Shele AmiR 5ol ¢
oF S1Cr B BT "TAEMEo] wash method Bl w3
SICr 2@ AmEot ko] 24~48 KRl 523 H
71 el -golt},

ol NCr BRAMME FBT Ty FEME
(stationary state) EJI

4 ~P®-D®
N; 8RR
P; FRmERS] £
D; #rin®ke] W
t Sk S8 FHE

Auke] delule Hfolcl

Bk ERFE W] BN bter 23 HfuEK
8ol —E&(stationary) F-obut HRmIFEAHHIEA SCr
Jikel Fapsiel. Bl o] HiEd —BRMoR BEFAm
Bol EREA e AmERE AEY S R ey
A, st Zm(epm/whole blood ml) B{7 S1Cr
HEE FmBRY HRE el T FnER mass BAE
BCr & kL ME AR FmEkel KT HBex
BHE (B F2H 10ml BFE 25mliBmEd #%
ER) PEREGteady state)ol] 4] BERRZ Eol-& &k
MmEe SICr ¢ MBe =F FOEd Bm ¥ Kkl
2 Vel o stEE(cpm/ml packed red cel)-& cpm/
whole blood, ml 2t} Ev] FE g+ curve S L
ebdela Fhgch W

¢l cpm/RBC mass ml & i ERE (mass)2) 85
Qo] Mg XN Hetd IFESE7) o o)t}
o] 8} o] ZEgmikAE(stationay state)el] 4 ko] conven-
tional equation ] H#jE = MmiEE L FmEkEe)
mpel 3¢ @ 3 LD Maoq pme
non-stationay state 8 &b+ ol@ HhEe]A = EikY]
FHARS EAE S BAT BRE L) g 100

BgEEE Rl E BArE (c.p.m./ml, RBC mass) W

Eld o C=C,e™
C #ER el Mk volume unit & MHESTHE
C. BRFRH
C==2- A ERRC A& WHsE
V. RmERE
_:A_—_; A, et v 7 ——-‘iE%}D}-_T’_ BE
A\ Vv, (stationary state)

Vo = ~2t 13)
Af T J=A.e

V 7} —&3tx] %(non stationary state) FRImERA};
Binsld Vol Ef Lo B Eindidlw dhd

V=V,+{V,t f &= positive number
A pe
1+t 7°

C &, e Hsthe nol 2oz}l o) PIER #
i AMEAL 2L HHE ¥ BB Huks P<D
od Ve Wt TR =Act o BECE A
Biion AV BTE(TL)e A H#HsEd &
B pmBEguE 2 2% BRsts Ao

R.B.C. mass ‘% fugtit(c.p.m/ml RBO)3 &mEE
(c.p.m/ml whole blood) figthe s t#Esd P<DE
c.p.m/ml whole blood & c.p.m/ml R.B.C mass Bv}

o e dejRw Ape #EMY BPE cpm/ml



134 —The Korean Journa] of Nuclear Medicine: Vol. 4, No. 2, 1970—

R.B.C mass7} E#H2cl v guldhAl deolxen] K
3l P>Dgl 7%+ c.p.m/ml, R.B.C mass 7} c.p.m/
ml, whoie blood 25} o We] ®Welxm o] Mz &
R Akl K% HB o Folzkn shgirh. S

5 mmsl FR =t Bk RMEe TL e F
kel EFEERES Vel T USRS goel
3ED.

Table 491 Fig. 1614 xRl o] Bme e
# RBC Tmfli: % HEBEHuc}(Table 1, 2, 3) &
sl glel ol BmE WE ER MR M)
S ik £RES ®pol (N x0 p<D),
FrafmBREe] #Bme HRE Qg

RBC Tc7 E# Ty & vebdL o3 RBC Tm 9
tHEEAS Kme] FRelele Kol 25ml/1 B Ll
T B ERFHNA L RBC Tm o WB Tm 4}0]9
27 glgleh

ook e RS Lk Askeh %: <D,
dN

T=Oﬁl THEES B%ste Ao2 50ml/1 B I,
£ Wm#Y RBC Tm¢ WB Tmyd EEHqdxw
P=D(-4N =0)¢ 7193 RBC Tsn} ERERBC T
curve $)=¢] & AL MEECE D>Pql Hhfko]
o oHR HEE HE BES —HIE Aol 0w
°]®] Brecher,’’ Spencer'»!® So] &gt v}l o]
WB Tm ¢ f#e SCr BRAmke) Bimes K 9Cr
&l migs BE HEoln o9 2o gHEE o
€ BEENY gifolE Apre —xRo. ol8) gt
RBC-Tm 9} WB Tm 9] &5 21419 9% Bmy
87 BBl AmR D A= £mss FRimERS] )
e MBS THEES Ay EEY <= ge A 2
p]_‘ 1

m¥ke] WMEBIEM] %% c.p.m/whole blood ml ¢ %

D+ Figdol4 #ip9 wlE fAples 229 45 9o},

B=H

Table 5 ¢} Fig. 2414 X 3 o] HEEee] WB
Tmfie X2 EHAY Ty @S #EER e
= RBC Tm curveel4] 100ml/1 A Bm#s Ti-e
WB Tm ol H#3 28 23k ol BTN Bm
2 N FRlmERERS B GFolztn A AEgle
= olol BLR FIRE thE AR B 4
gt =3 oold BEREE TR RBC Tm

B Bh EERNERES #nE BRie 2

s dN _ dP AN
o mahg S dPao Nogp o PoD

ol FEFF kARl et ‘

%2 3B #F FmEARY £ cpm/mlred
cell mass & Vebd Ty o] o & K¥s Fid
WH® ¥ H%<L c.p.m/whole blood ml & ®7% Ty
o) & el gleh. o]+ Brecher!® $iso} —Fabsth.

# =W
SCr & T AimBkEe (apparent half survival
time) BEkA HT BRHE = A &mol K-

mEFEe wEE BELS oA E BEY 2o
2 8 534 BERA BTE Hio® vis e

CAZER BEREEAERRI Al FMIRPRBLE BHS W

ek H

1. % 1%93l ACD-wash method & Fifiste] SICr &
BEstd el FonReE BEESH(THL Fy
29.7 Belglom] Bl H ascorbic acid B #ga3r &
B Ty € 24 3 100mg & #EY #S Ty
< 29.0H 50mg & MW HY Ty 20158 @
Bt Atolel A7 glglE ¥ ohel ascorbic acid &
S0mg /JE 100mg & EARE Bl E HHY =
¢l

2. E2WA 14 8M A% 1A 10ml, 25ml, 50
ml, 75ml ¥ 100ml X Bimste] WEP Ty ES 2
18 &Kol #hngel] el RmRPHMBA®/a (T )
& golde ¢ 4 U9k B 1H 10ml BZE 25ml
B fi7h A= rapid phase € el gl x 50ml L) - i
Brel = golxl & EEEsb Uull slow phase & vl
ol 1 8 BmEsl Ty 4ol Mife Biidl BEIH
+ ohigl=k

3, H3H 18% 25ml, 50ml, 75ml, ¥ 100ml
€ 10 HME A4 Bmd &l MES T4 & 24 2m
{72 E(cpm/ml whole blood) T4 & EH ¥R
o ez FmIBREE BEfr(cpm/red cell mass mDE
HIEFE Ty € cp.m/ml whole blood BrlE Folx] &
fHmE 293 18 100ml 10 HE Bhig AEe T+
o4& WEM FHT £7HEP<0.0D Y=k

4. FFF R (non-stationary state)?] Ty & Hm¥
ARl RMIRBIBEAEL) vo) Byl €« B m
(c.p.m/ml, whole blood) 2vl: Bfrhm¥EkEo s &
Big Tyol geld €& ¢ ¢ A3 FmBRARe] Fim
BREEAS) vel AL AEE2HY 1HE 50ml 4L
E BmEE B 2m¥E HEE Tpeo o S5
=t

5. ZiM#E 5 (c.p.m/ml whole blood.) T4 &
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MR BERE FhBFEE MY Ty HaBeR
e ol F bl A4S ¥ 4 gtk

6. Wit mEF PE" Ty ¢ BEmEe wEskg
T A Ty E% 99k g9 3E%EIRE(non-
stationary state)ol] 4] #Ex Ty & HARE gHe $
g ¢+ ddle HBK Wﬁﬂ]*‘l = IME ETEE
THel o HPTE HEE 5+ 9¢ A 2k
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