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I. Single Tracer O[EE

R RN eRIC & 2 IR ER I s O BB & s TRl
HMTHs DG RENCE B ERPHIRO tracer
o i AL Bk TR 0 IR G, TR 2 £
L, ZOMPUERAET 2 EiIckhAbh 5.

T5bb, Q=CxV; V=Q|C; VxHct=f1Ek&
VX (L. 0—Het) =4 s (Ve #ifineRgsgat, Q: 1k
N tracer # 7 v MM, C: £H 5 v v tracer J[E
Het: 8284 > 7 DA< b2 ) o Ml (PLE Het &1
).

HERiCBWT b QLI T, “Cr @Fkiskick b
MERE: %2, 2 — N7 V7 3 Tk b lsEs 2l
’*E’Cc% b, T OEPEMOISEE XE A, tracer DA

. in vitro

* J. Shibuya, S. N. Albert, C. A. Albert, Y. Hirama-
tsu: Anesthesiology Research Laboratory,
Washington Hospital Center, Washington, D. C.
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T B R > 7s b BEHETT, LB A R oD I 0 il
EisB w“/}fafm.:\f BLBLE T 5.
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TEER M R D b » & § AN IS LTEFD L D&
UTC AZEOIEREIE NI BAM IS NIy v 7 v 2R
HKT% LEBHIFoN A @i, V19104 T tracer Xl

4 NITE S0 SN A DS, IMBORGBERS B ik 478, (i
WD, &2y 7, ST, A%, shun
DIFEIET AT GBS 2 I DIEE 2 9
bhb. ThWwA, HxIlCLT tracer i A#%1045), 20
53, 3073, & &iT, 603D TV ERD, TOH
v v Mth 5 EESNIRIER R T A E D B

-3, BRI & ARDEE, KIS X bﬁﬂm‘ém
Eh, FEAEERD SN,

Gregersen 5tk nid, = — F#7v 72 0,
RPN AR 1 RH 6~102% o HI& TIE M IC
Mg 55010 ZOIEN I O B) 2 B T AT
¥, #9300 HIDTFikil, HifiiC tracer 271 A#, Al
IZhitzh o7 2R, “OHh Y > MEOZEL2E
U, Ao TR B ZEN R E L, L&
WL RS HS 1 I [ 3025 128 K2 &l I LTz

(Fig. 1.
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Fig. 2. ¥y 5 7 L0 A v > Mo
koHH
I — R v T3 L MCrAl B, TEAREAIH105 T

VS50 2 WA, OO A M liﬁ”)’fﬁ% T
by, 1RV 27 Y 7 OATHPIE2ZHE LTS, Bk
MIEAR LTS3 N W) B AT I, IhbOHE S
WHTAEDEEAA.

WA, 33— FEE7 L7 2 OIS
M EAR A w7 o M 8 5729121, :ié
ST T 7 Loy Fvh oy MiiERY, 7ov
7 UMHRTO 0 EficEBIT A2 v v MuREH, Th
PHIEROLE N BEORN D Y v ML T 20BN D 5
1, 29y Fig. 2 [ORTCELTh B bR
HHOFEBORETIE, 7.5%), 15530 H v > Mir
SO0y MiZRD B LTk Y, ROV
TR VMRS 5 & PIUICH RS A S5 T
7.

b. mME&EAND#H
Tracer DIMFEMIMIIE in vitro DEH &L D,
fRiCas i A ek | A O LES ko R, il Vmé

Ick h s hHE L, IREIMIE R D802 % i A K
DIMERFE | WHH OB, N, THmEozht b
—fICk E . TNW A, KEIRE D47 BERILL,
Z® Het (Hety & Fd) 20 - TEERS{AD Het (Heto
EFRTD &R &, IEER M DB (T ALY o
BELRONRTH B, UL ¥Cr, RISA ondFho
Lt bRgETH 5. 2 OHAERENIcOW TR T 3
iR & { RISA Tld7v7 2 v olEHm &

WO NFB s s b, 356 lCJ[[I"i"‘”W%‘ﬂ'ﬁ, INEEER,
Va vy 2BDORTMIND B L, TOPEEIZILITKER
3.

it o Heto/Hetv 4 %
1ZV-0QICick-TABNA dilution volume L b i
DM 2T 2 ICHBES R TH 5. Mido T
< Hety /NS O (LERA] AT OV A LI IERIR T
b 5. Heto 23k A1cix, 'Crick gkt & RISA
T MR T2 1Cr 1Tk AL RO 3 F 2K

D ABENH A, LIzhS- T, single tracer D& TILHY
Wetr 5 & wmwm F cell ratio 10> & il ikt %
Mz 5 2 ENT/s 20T, e 3Rz 2 42 U
R

Davis, Topley, Chaplin & 15 O 2 it 45 &6
1419 F cell ratio | 0. 89~0. 94 @l‘t*f&Fi‘Mkb“ﬂ‘uUﬂlﬂL\<
ENTVBED, AL IREDO LD AIRED, TO
i 1% 72 b 25 9 5 18,1420,

bivbiig, #iRo> dual tracer Z{if{] L, 20041ic>
& F cell ratio 25U, (oM & bl Uiz

ZOFEFRIZRDTEL TH 5.

Bk 2008100 5 5, 65011% 0. 85~1.00, 22414 0. 85
P, 136 1.O1RL T, lifix 0.75, finiz 112 ©
& - 1z (Table 1). 375 54 (k082 6% #30. 85~1. 00
O flicd b, Fcell ratio % 0.915 & U Tl FiL 1)
B, ZTOFZERPHIZ L2 5%k T E b5 1.

SICr BRI T & A I AL DI E M 1E F cell ratio <
Y AN T, MR & T B ENiE»HE L b —

F cell ratio & fl, 2h

TN E s 4. e RISA OB A 12RO D1z 5 3
KTHAB. TOX: Hety WA EL B BI13E, 3 561THE

Jexh 5 (Table 2, 3).

Table 1. #1200z 3517 5 F cell ratio d 45 i
F cell ratio range ‘li:érsxber of Per cent of cases

1.10-1.15 o 0.5

1. 05-1. 09 2 1.0

1. 00-1. 04 13 6.5

0. 95-0. 99 ' 33 ' ‘ 16.5

0.90-0. 94 74 37.0 } 87.5%

0. 85-0. 89 | 58 29.0

0. 80-0. 84 18 9.0

0. 75-0. 79 1 0.5

Average F cell ratio=0. 915
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II. Dual Tracer e EEDORIRE

PG BRI BT R, IER it ds & DMV B2 B D I D |
f& > tracer [T THIE TN XF2HA LA, Th 6l
EE D E TR—EMART FTiiebi/s { TRk
Ths. HRDESHALZILLTND LD 28R, i
& AP BROMEITIZIMER S X ML LEE 2 50 5
DEIL S TZWEITICtT 2 5 &, 12 & A% ORI OIGENLIE &
DAETH - T, HEMDGEIE TS

PO 5, ks & il % dual tracer |
LD IHIHCHNES B ilAa 20Tl Thud, To e AR

T SLR-BTL iz & b IF R /s w5 (kg 2R & 5
ETAEMERS S D EMBLTI .

H ok

125] |+ weak gammer emmitor, 25 KeV ¢cdh b, —J7
S1Cr 13 325KeV Thr /s b DD d B 128, Wid DFJII
¢} discriminator DO{fiIck hFBDEBODH v > i
5 HCEIFTRETH B.

HBIbN DI LTI 15~204c *Cr BEAUEE S, 1~
2uc WL [y VT3 v LG, MUK F 2L dextran
iR, 10ml @ standard & L C{lif{] L 72. discriminator
& L Clx Nuclear Chicago Radio Analyzer Model No.
10 % {fi JIJ L, ultrascaller model 192-A %5t ¢F well-
counter |C coil i AL %) 3] L7z,

SICr okt LT & basal level #290, window #6, gain
%4, MeV 2.00 |c+ . L, scaler |3 2,500 4.v |k ic
£y b UTHIE LT “J'j Lzt U C 4 basal level %
10. 04284 A LA Cre [AED € » 7 4 v &7 Gl
Uiz, ZO#5H 11 0 activity 13 %'Cr O+& v 7 4 4

27%43~41; (1965)

I el il ang, E€:13 2 NG

1o =gy, WL oAy o i basal level 2900
NCr D H v v MED 19% # MG ATz, basal
level 10 ®H v > Mk b D5 ffl 3 A LEDI D -
72. X5z scaler DY v N B A TT A LT D,
By v MO YCr DR 425 WML TE 12
DML 6 A 2 &, TBOJTEEDIE 5 DHABIE 3w
W 9Cr, BT & g coil i 2 (i) L T2hs, L A3 poly-
i3 Al A 5D T, teflon tube
(B-D. STx 0.76) |5, 7 v — v 7 v — %23
¥y (45~60°C) iy, ML00pEH T A C &ick bud
EiTkrFETER.

SICr D # Y v kI

ethylene tube |

IL & #

a. *'Cr B3 I 2K 32 AR

D (?e =dilution volume (Q: J1: A tracer f& 4k, Ce.

By > 7 ov s o MDD
2) ekt =dilution volume x Hety (Hetv: ££11L+5
7 )v® Het)

(iR
B iR

. Heto .
F cell ratio= Hety

Hety

dilution volume .
tution u " Hecty X F cell ratio

~0.915 Th 2H 6, IHEINIHL =

dilution volume X 0. 915 -.dilution volume X 1. 1Tl
HTx5

b. I F£1-(& P EEHTILT I FERAEE

1V :’8{ (Co: 2 [a]L), 24 v 7 v ZbRall, b

757 FicaA b Ntz Ol o> tracer 4 > b (i)

Table 2. H} 8 3
(1 R S 1 ‘ R = Jiin it i
) )
~ .8 BysCr ! Ve 8 =4.577 V x Hety = 1. 830 Vo ik —2. 747
g |
55;8 By ] | v. Q | Vo —2.113 Vx (1—Hety) 3. 170
£ S G
=3 ‘ 1 r - -
~ § By ®Cr Vx 25,000 VxHety—1.830 R — R =3. 170
s = F cell ‘
g . ratio |
858 | By wI V % Df -5, 000 e — At =1.830 | CQ X (1—Hety)=3.170
O B o

|

“¥: Hety=40%, Df=0.948 at Het 40%, F cell ratio=0.915¢ L T35
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Table 3. <4 Z7uo~< b & Uy FEICE D ADEEIEBOA~NY MY o b, #lili~< b2 ) o &, DI ik

Het

[ 2 2 S L S Y S L S L S S

(S B L B S S L S L S 1 o B )

%

(93]

Corr.

1-Het %

87.
86.
86

85.
85.
84.

QOUOPROWRWINNINOIFEFSIFOOO O O OWoowWoewood

OO BROWNNOOOCUIOUTOROWRNNHOH

2
7

0. 985 41.

Het %

0. 980 47.

~
§ : < ¢
[S IS BES, WS BN S BN 3, B3, B S A B

0.975 52

0. 970 55.

[$)]
[S2B S, TS IS I L TS IS |

[9))
N
(97]

0. 965 59

34
OO
[

0. 960 61.

0. 955 65.

0. 950 69

o o g g o g g g UGl
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1-Het %

60.
60.
59.
59.

Df

0. 945

0. 940

0.935

0. 930

0.925

0. 920

0. 915

0.910

0. 905

0. 900

0. 895

0. 890

0. 885
0. 880
0. 875

0. 870
0. 865
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2) #EF =V (dilution volume) x (1-Hctv)
{5 1

i -
7 L[J[.M)(Fé_m]’J€ S5 1-(Hety X F cell ratio) ESSLES
o (1-Hetv)
V% | ey —o. 915)]

4)  IMERAE = RER IR o — Mg

1-Hety Toien L4 7
[1—(Hctv—0. 915>] % dilution factor & 4 4.

S Lo MR A1z, T DE BRI LTHL
&, M#E i Df 25k 20AHT, MM 2TET 5T
L psalgecdh A (Table 3).

Y Eodtfiicdk b single tracer (T - T & JFEN
T LIUTZ i A S BHS, Table 4 L 5ic F cell
ratio |3 [A—i # T D78 b DL ) R /nd D TRE /S

R ER X 2 85421E, 2448 dual tracer % {{i[]]
T ALEH B %, dual tracer Tk AEFRHE IL Sk
DI & single tracer OFFL{ 2RI a0

Iv. 5t & % 4

Jifilic k b F cell ratio 2 284 25 &, Lany)
G OO RRT ETable 2D T <,

single tracer

WHETS, IERZIE F ocell ratio 2ikd 5 2 1T
I O HEBICER T A0 EHIKH T A

V. BEREICLDRE

BHEY 4 v k=7
HEEET 3.
D GRPIC BT ERTE S &

ICk 5 BRI, RO 3 AT

A ND

Preop
Dilution volume by %I 5, 025 ml
Dilution volume by 5:Cr 4,310
Plasma volume by %1 2,900
Red cell volume by 5!Cr 1,780
Total blood volume 4,680
Hetv (%) 41.3
Heto (%) 38.0
F cell ratio (Hct()/Hct\) ‘ 0.92

2%3~4}

Table 4. F cell ratio o %1

S (1965)

radioactive background [ZMix [ 54 4. AT iE A
tracer § TAUCYITLU T OB ENSH 5
2) 1Cr o radioactivity (ZILERFTIZ, 21 D i3k
flichi U THh, ity > 7vo Het 0T & & $ I
% @ radioactivity li"“.”f&’fﬁ’éﬁﬁ'«i’%- WA, KERE
DY k. MCr Bpilics 5 &, x Hety=
Q

(PRI > 7 v o > b i) _ (& background)
Hety Het?

L7 n (Het': i background @ Het).
SCE A
M iA3 2584 A O, background, + > 7 VERINIKED
Het ojlj# %2 M52 4 2 00 25h3d 4. 7535 Het | trapped
plasma %ﬁh[[*&? ¥iz Tabled |zt b, #HiF Het 2

MERs: = Ce

G TD
L7 Het' &8s 255, M%K%

EGS

Hety &,

ATilSid 4. RISA @dy & kT, fRIfFIC Het %
e U,
5’ =1 Q
MG =CRISA ¥ 7 vH v ki) (background)
(1-Hetv) (1-Het")
ICTERT 5.

3) 61 RISA {liJ{jiiziz, % background jx
7»7</@mﬁﬂmm®tw,m%MﬁT?6.%m
WA, KRR AO S VIR, JilAls L 2L i
AUtz7v 7 e vpd & s %25 THALTNS W A,
background A3 L FIT{IG F L CWA C & % dHic i
SR H A, ZDIzHIClE, v v 7RI dilution
volume %R % 3T, YDA MELD,
% 4" atmospheric background % fU[iiz, xic O IR o 7
v MRk IzBic, B#FH O backgroud DAY vk
i 249 % (Fig. 3).

Anesthesm
4,670 5, 300
4,510 3,820
2,900 ‘ 2, 880
1,725 1,730
4,625 1 4,610
38.0 45.2
37.4 37.5
0.98 | 0.83

Operative procedure: Inguinal hernia repair
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Pl

&

in vitro O¥E & s h,

Yyald,

525
Single tracer |z k& Y ifiERH, IEHDOH 2 3D F5D
) iﬂ' T ERTGETIZD 05, IGERENEDS DI A T
BYitid single tracer (T - THI i Urzifin i B A

ﬂHiihl WOk R ER2BAPLT V. ThOR
dual tracer % [T Tl MLl f1 28008, ik s 251 1

TAHLEND B.
DL T & & PEERMREHIE 1I21%, methodology 3%
OHEMITHEM /B e B I T L 2T 2058
Wb s
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2%3~47 (1965)

Summary

Problems in Measurements of Circulating Blood Volume

Jo Shibuya, M. D., S. N. Albert, M. D,,
C. A. Albert, M. D. & Yoshihiro Hiramatsu, M. D.

Some investigators claim the blood volume measure-
ments are meaningless and the results are unrelated
with the clinical pictures.

In order to clarify the underlying difficulties of blood
volume measurements, critical analysis of 35, 000 cases
done at our laboratory was made.

Blood volume is measured indirectly by determing
the extent of dilution of a tracer with the intravascular
content. By utilizing a single tracer either red cell or
plasma volume is primarily measured, and the dilution
ratio obtained dose not represent blood volume. The
hematocrit indicates the volume red cells occupy in the
sample of blood drawn from a peripheral vessel. The
hematocrit of the blood sample does not reflect the
actual cellular proportion of blood found in different
parts ot the vascular bed. In minute vessels, the he-
matocrit is low and in larger vessels it is higher.
Under normal conditions, the average hematocrit thro-
ughout the body is 91 per cent of the hematocrit
obtained on a blood sample removed by venipuncture.
This factor of 91 per cent (F cell ratio 0.91) varies
between 0.70-1.20 under different conditions. The
result obtained in our recent study on 200 blood
volume determinations in patients of various condi-
tions by means of dual tracers have shown that F
cell ratio varied between 0. 875 and 0. 999 in 170 cases,
and overrall average 0.915. The per cent error of
blood volume, red cell volume and plasma volume
calculated on the basis of a single tracer, taking into
account an F cell ratio of 0.915 was negligible. In
91 per cent of the cases it ranged between +2.5 per
cent.

One of the basic principles involved in measuring
blood volume is to obtain an equilibrated, well mixed
sample. This is particularly important and most often
encountered when labeled red cells are administered
as a tracer material. In most instances mixing is
complete within 10 minutes, but more frequently than

anticipated, equilibration time s substantially prolon-

ged, and one can not depend on the concentration
of the tracer obtained on a single sample arbitrarily
at 10 or 15 minutes time interval following the admini-
stration of a tracer. In conditions where ventilation
is depressed, when blood-viscosity is elevated, under
hypothermia, in dehydration, in shock, in a marked
vasodilatation, when blood shunts exist, equilibration
time is prolonged. Therefore, the calculation should
be based on two or three different samples taken at
different time.

Labeled albumin normally is lost from intravascular
bed at a slow rate 10 per cent per hour. But from
our study, the rate of loss from the intravascular bed
of the labeled albumin may vary from 10 to 30 per
cent per hour. Therefore, calculation should not be
based on a single sample at a fixed time interval
following injection. To correct for this variable, one
should establish the rate of the albumin tracer elimina—
tion and establish a corrected concentration at zero
time before loss. For this purpose, it it necessary to
plot the concentration of the labeled albumin tracer in
blood versus time on semi-logarithmic paper and ex-
trapolate the decay curve back to zero time; the sample
taken at 7.5 and 15 minutes intervals seem to adequa-
tely reflect the rate of elimination. When total bload
volume is calculated by albumin labeled tracer, here
again hematocrit of the blood sample must be cor-
rected by F cell ratio; in this case by Dilution factor
(DF).

To accurately measure total blood volume, the cell-
ular and plasma elements of blood should be measured
separately. For this purpose a dual tracer technique
utilizing an albumin labeled tracer would measure
plasma volume and labeled red cells will measure red
cell volume. To avoid separation of plasma from cells
and counting each separately 251 and *'Cr labeled
cells can be utilized together and counted separately
in the presence of each other in a mixed sample of

blood by means of discriminating pulse hight analyzer.
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