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EXPERIENCES WITH THE RADIOCHROMIUM METHOD 
FOR DETERMli~ATION OF RED CELL VOLUME! 

B• It WENNESLAND, E. BROWN, J. llOl'l'EI( JR, K. G. SCOTT, J. L HODGES, JR 

ANll II. 01<-\ Ill.EV 

Fro• llu 1J.·,11rl11""' o/ Aftdici11r, Oat CardiovaJndllr Rtuarclt /11.SlitMI'• 

••1 Rodioochvfly R1u11rch Ctnlrr,1md ll1t /Jtf'11rlmtNI of Stal1slics, Univffsily of CoJtforaN. 
.\~ml frdn(IJnJ n~d fltrb·l~y. C1Jl1/ur111.1 

(ll<·ntv<d for puhlic.>1ion llecc:mba 18, 1%1) 

The use of radioaclivelv lal~led red cell' 

lor the determination u[ the h~I cdl vohmw 

(Vrbc) has gained wide acn-pt:mre >inn· ih 

introduction by ll~hn & llcve>y (1940). U( 
1ht procedures currently in 11,e, lhe meth1•l 

ol Sterlinc & Gray (1'>50), utilizing anto­

cCllOlis cells labeled with radioactive ><•li11111 
c(1r~e,-(Crtl), meets 111<1>! adt'111ately the 

lllhic tc.ju,crnents [or hlrn•I volume nu·a,­

urtmnit by the dilution pri11ciplc: a) that 

.
1 
.• lhe "indicator", in this ca,e lagged cells, r;111 

I 
lbtcorne evenly dislrihuted in the entire IJI,.,.( 

•olume within a reasonahle l><'ri<•I. a111I /,) 

11 .. 1 none of the tag i• ""' from the rircul.1t · 
me blood during mixing. Tlw rak of lo" o[ 
lr" from the tagg1·d n-11, ;, ;o ,)ow lli;1t 

th. lapse in time betw<-ell their i11j"·ti"n a11ol 

th. .stimation of their 11il111 iu11111 th1• '"hjnt°; 

1 ThPS work wa-s sup1•>rtnl hr ~ra-illl:"> (II l.!71 
..a RG-3666) from the U111k1I St.ltcs 1'11hli1: 
Hcakh Sa-rice and Ly fw)ll-. h11n1 tht Anwri1 :111 

llart Anocia•ion~ diit MtMltrn•y .w.i S.io Fr.HK i-.1 n 
"• AsiOCiations iMw..I tl.e Cu111111111CT on l~(-,,-.11, h 

ot llit Untw-enil:y of CalifontiJ ~d1·1o1~1 or Mt>d1t 111t· 

\;; 

hlood is not critical, as is the case with pn 
t Strrling & <;ray 1'150). In subjects without 

lwmolytic di,11r<lcr" the apparent volume o[ 

1li,tnbuti1111 o[ cdls lalided with Crll even 

2t hours after inj<"l°liun is no more than 

5 1•:r cent grcatn than the volume estimated 

within an hour o[ the injection (Sterling & 
4 ;ray 1950; Nom,,f. !lopper, Brown, Scott 

,'i., Wcnm"l"n'I 1'15~, Mollison & VeJll 

tCJSS). 

One of the principal disadvantages of 

ming either Cr" or I'" is that the cells must 

he tagged in "''"'· which in clinical studies 
11u·a11~ that t!w '.'.Hhjt"('l mu:,t he available at 

k;1 ... t ;111 hour ltd111t· tht' actual measuren1e11t. 
\fore i111po1 t:u11, lio\\TVCr, is the possible 

dft-rt 011 ;1rn1r;u·,. llf 1lamagi11g the cells by 

p11KT'\~i11g tlwrn 111 1.'itro. As will be shown, 

1l1i ... i:> 11ut ;u1 i111porta11t source of error j,1 

\ uhmw 1 ldlTllllll.ll i1u1s ( \Vennesland, She­

l'hnd, N"nH•f. 1:111w11, llorPCr & Uradley 

I '1.'>7), 1·x1 q•I 111 pati<"nts with hemolytic 

11·111k111·ic .... l ;rt·:tlc'r rare in tagging is re­

•111irl'd i[ ti«· n·ll, are to he used for studies 
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Fiji. I. Ap ...... ,. ior deliwirinc \aned cdla. A = 
calibractd JO ml •~. 51$ inch .....die; B = 
I'- mocrwOr (caiacitieo of uppn- and "'-' 
chambmo 35 ml ani I(> ml, r"""""vdy) ; C = 
~le pla.eic Whing, 1/1 iro:h ~er; D = .. - ......... 
of erythrocyte survival (Hughes Jones & 
Mollison 1956). 

The following report will describe and 
assess a modification of Sterling & Gray' J 

method that we have used cKlensively (No· 
mof el al. 1954; Wennesland, Drown, Hop­
per, Hodges, Guttealag, Scott, Tucker & 
Bradley 1959; Rapoport, Yamauchi, Green, 
Brown & Hopper 1960; llrown, Hopper, 
Hodges, llradley, Wenucsland & Yamaucl1i). 

METHODill· 1--ll 
C1ll lagging. 

Aboul 12 ml ol the wbject'• I L for 

lac&inl tither Ti ahernoou J""lur• or the 111<J11t1-1-- -· ., 
'\ 

----in& of the Int. lu c..,cs of !ICV<Tt ~-. ""t;,,,,,,, 
blood ~ cir.own to vrovOcle an tqui ....... 
ol cello. Tbt bloid 0. inieclt'll lhrolll!h lht q-•t 

<""1 o1 a 91mle 15-ml <ClllrifUKc lube CQ ~ 
2.5 ml of acid-cit-c-<iutrooc oolution. ---. 

A oolulion ro11•1urling 0.1-1.0 1•1 of N.c 
P« µC io IOfTPi'rnl "' ... ,,.-opr;.,i. irwn-v>1o tQo' 
oterili.N by fl'Ul>J<Jn<,. A Y<>lumt ••JC ._....,:: 
0.5 ml corrt.irii1111 50---75 1•C'. io ~ to lht 111....t ' 
in the cculmuge '""" and mrxcd by Knttl< ,,,. ... 
11111 room ltmperal111-c lo< 45 mW..tcs•. r1- ... 

. -·· .... - c~ arc sq>ar"'""' f""." u.. .... ~ ttlh bt 
""'11 rifuiPilr and wast...,. thrice w 1th • ,....._ " 
0.9 per c..,. wolinc oolution «Jual to the! of •ht 
dacarnd piastllll, at room ,., .. ...,._.., Th, c.t~ 
im: rn._idcd in sufficiarl ulia1< to '"''>rT •ht 
vobJ1c lo dtat ol Ute origin.. blood ...,q,i. ..,. 
richer used at Ota or rclrr~fQ(cd owruiil• • 
4-5' C. The '""~••ion;. kq>1 "' mum,.,,.....,. 
tur• kw 45 miouln or J.•111n IJo,forc: irr1~.,. ,. 
jccliot& Sc~ict _,.tic precautio111 arc: OOwr..J 
lhrousf>out. 

M ta ... ri•g a11d dtlivrnAg 1111 "'1st of logg<d ""' 

The d>jecf• liti1hl an! w<ighl ""' r«ordo.I 
and ht rYJClincs in a romlortably wann room i.-.. • 
lie...t JO minuteo bdurc Che tmt. A widr-hir, ''""' 
CXltIIOCtcd lo '" ,.. •• u inf...ior. ap;.ar"'"' ( l'i1 11 

ts. pLacN in an a1ttecubictlll vel1L T~ s.<1nte 9'.t"Tll.. t 
~ io US<d lo< doltvcty ol l"KK«I cell• .,.. 
-•..n..wal of ""'1lJ•""'- Enuudi 0.9 per «11• Ml ... 
iis put •lllO ~~ ati~US SO that the 'J"I~· 

1
" fttt 1 

of - . the low<r c 1....-.bn <Olltai,. ~ l ..... .... r 
Cloe ... ~~ .t•out Ill ml. S•linc is ;oJkJwcd lo 't~l" 
wlowly nlllo tl.e- vrin Co .dmlocl!Str~e the ~~tu.llCJ 
,..( llK vcnipuncturc bcl\...-c lht cells !;on: inj«1"1 

. c..b"' ~y ~c;idioad .... ~y R<w>r<h c ... 
ltt . from Cr1'<fh •inc<! fron1 the O•k 111.., 
N•t••MI Loh>rt"o . 

1 The proc~hne . · I ahow i-s the 01w .rwd 
. at pr~wt. Wl~n ~ were colk""Ctiug u~ ,~ti ft 

juried tu this 1•~1C'f W'C W\.-re ~i·..c a 1.l.t1w: ""' 1
" 

C'lloM.ion d~ttior iu 'which only 12 Jl('f (("111 ol dw 
~ di!iintr-gra11.ions of Cr11 wt-rt ~n""td tt 

tJOUt«s, "° tl..t l~aJO µC of Cr" """ ,,....ltd 
"- tainrit111. 

1 Tuhrs a.re f<Ntn•"'lt to a 1)ll0f90Cr.1111h turttl.al.W 
revolvn11 al JJ ~ r v 111. 

l ~·,1 \I I 111• •I• I 111< 111 11 I \I I -----"" d't'fik taC'l'~J.cdl .. ll .. l1l"ll·I• n I'• dl,1\\11 11••1\I. 

t6 tlVl'fl('rcJ Ceil t~N." 111 \\ hu. h ll ",I'• 1.it.:t.:t'I 1111" 

....-1 S)"IWCt wlwc. h h.i." lx' 11 t .d1'111 .11t.,I f,,r 1 ~ , 11 

• (f'c4t1"S & v-o Sly&..t.· 111.\2) ,\ lo111tl(: 11n"'llt 

~ •.:hes) is wlr.st1hrtt.""tl for tht· lK'1..-<lk: uwd 

~ lhr 1.-wslC"f. Exactly 10 nil o{ t.lil" ~U~k,1 .. 1,,11 

_., Jdivttcd iulo tlH· ~mt·r 1 h .. uulK·r i.tf 1lw 111 

:..,.., ~ntut (9C'C F~.; I) The )yriu ... ~~ ;11MI 
_.dk: aR' ~ chrtt IHI"-..., w11h a tola~ 111 8 IH 

-' " ,alin~ ta.k~• from UK" llJ'pt·r rt:--.t-r\olr. "I lit· 

.ell 1~t!tiuo lirnJ wa.·::.1111.,.: .. iHl' allo\H"'-1 tu tlo\\ 
,.,.1ty ftuu the lower n.·,1·n·•Jif i"ltlu tht· Hin 

f)t1 
1
tt folk:J"Ned by "' ~111.dl aitr h1Jlrf1k 1 ... 1 .. u1 

II rnl) whK:h hol(1!!. to ~\Hq1 1!11. wl111tt.:. dt·;w 111,_. 
,,_ d9C' Mr t>ul•k tulcr) tlu: \nu j, 1-...t1,I ;i .. tlw 

WP"'"* of the iH t"t'•• 1111,1111-! l"-·110·1 Aller 11w 1 

... rate of inhisiun f) rt .... lut ,.,, '" 1hl' 111111i11um~ 
~to a-s~C p;li(t"HCY or tlH' IJ("'("t'lt- (JU 1hop-./ 

_,dC' or ~•)·.The unli--t·•I pul't.iuo •11 thl· lap!t"I 

cd ,U\lllflli!IOI• H rc;4..·nC'I~ for 11"'Trrr11X'"1J: .;1 ;.. ... 

,.dlooct " ~ y. I 
' 

S.•tlUig ,.,,J CON"li~y 
Bluod SllUflkt air\; ,1alu1 -~ rnr.1u11..., or mou· 

lfltt thr tq110ti o( llK· 111i""g ,,.,.ri.io:I ll:--1,.tll), 

two ~mpln arc- l<1kt'U ..a ;iu tl•ll·rva.I of S 1111111th .. 

- o~ tnuk" a"\IC'fillt('.""11 'J ti p1nrut cli\ol:to11 111 
;~ W<-.,.1 ..... ~ ,,.W..11:, the: iu!11 .. 11o11 •~ J1,n11Jt1111,...,_I 

\Ji-ll• ~ds bdor~ ..... 1.u1pl111l( Tl~ fir.,I .! .l 1111 

d bk.W •~ ~ ........ "itflkd /\ 5 1111 \Jlllp~ j, tlu·u t.1~d 11 

and lnu~rcrrnl to.., lt· ... t tulK· t1,.11;u111111-: lhllt•·._ 

•ibt~ mu.tu~ (Hdkr & l'a.111 J9J.&). l>11plu.1h 

\\aitrnbr '""""' ~ i.J.llC'(l, h•l'l""I with il '111.ill cli"I* 
111 1n11111f"I.,.. uil a1•I C01llr1i11~1"'l i11r j(J 1111111.uh, • .i 

l•IO rpm {tlist.o111a:~ fnw11 111111:uu ri11g lo l1·111r1 

her <n•n = 13 cm). ·1111".v .1r1· n.·.1i1.I t•• tl1ot· 1•·1• 
14 the CTll cokll"l•rl Tw•u 1111 of 1111' \\di 1111\ld 

""'""° ~ dt:-hvC"f<"'-I Ii) 1..1hlu-. .i1·tl Jlll"-·tll' mi.. ·• 

lr\t lul1oe (112 nwn iuh."f1~1~ 1k11111·1rr) ;tH.J 1rn111i1•I 

,.,,, 1u a ~II !Jl.:i111tllll..111 .. 11 to11111t·r~. T\\o .! 1111 

1 
Tl11t 1laick1~ of 411'1: hu1\\ 1<1.11 1!> rtt11rol .. \ 

~ ,.., "-1a:l'°'1 H •1•trlinl 1111k ... , ~I 1· .'tt l'"l.'tl' I 111111 

• \\"ith our ttrc)l,11 t"'-111ip111nrl. 4S per n-•" 1d 1111 
Umm,i I.ii.)'\ fMn th(' Cr~" ;irt,; 1111,1 n1,I il'I t11111,1~ 
\ ".flic1<11': 11wnhc-r of l·.,111tt, (.a ll".U1 or 111• ,, ,. 1 ,111 

''"'"~'"'' to li111rt tht· .. 1;111-.111 .ii flul"111.il.11111 111 

"•h• to 1. I 6 1.n fl·u1 

\11••'\••I !<11•• 111 \1•1 I \II 
,,7 

1 .. 1111 .. 11-o ol 1111" 11 -ll1nl n·ll 61r-\~t. <lduled 
I ."41 ">111 d1-.tdl1",\ \\,1kr. are t..'OUUI.~ U1 the: w~ 

111.m111:r ( t ... n~llll')!' 111 hlu"l iMd ~M S\blK'llblOU a.re 

.~lit r'lkl.lt.J to 111111111u1c· 1hr ~11iiluc11c.t ol ~iblc­

llt1>t.tu<Ah01r.. 111 tlM: ..i·1t~th\11ty of the cvuntcr. 

( 11/1141111111"1 

Vtr::.1 (ml) ~~ Ax SO x V 
u 

\\ht•"· \ ant II ~11~ lht· dVf"r~ of tht obsen't'd 
t·o1111h IM·r ~n uud jlt'"f 1111 of 1hc diluted ttll luspcD­

-.1011 "''") ul ti" hl~~ .. 1 ~1--·nn~ns ~ely, an.l 
\' tlM· vol11111t· 111 1111 11( fdl MJ~~(usi .. 1 Ur1mnl 

l <·~I vo&u1111· t Vil") i, ti~ vn..Ju..:t of VLr11 and 
tlw: J.Vl.';a~e o{ tlH..· lwu hnnii.Cocrit ~intu o( tl11t 

... Hlll•k-. :\I tlii.. .. 1.1...:1· it is CUUV'C'IU~, ... to cc..~ 
Ilk'. 1.4r.enil"'-I Vrl11. v.11h •he ~ cril volume 
ol ,, l1t·..1hli) ,ulip t t of llte" )rlltut wt1gl1t, litirflt 
.mi.I .., ...... ...._ r-:.t; .. 1h ... hnl l1y our s1hal1n ...._h tlns 

mc:thod iu 2'11 lk·.dtliy nl't'n (W-n•~ll '' 4'. 
J1J51J) aul IOI \\1t11K·n (Brown'' n/.). "Predicted 
11o11rm.ai" vflliu.·-.. fur V0rlit: can br: frud by a CUlt­

\'1·1 ...... 11( Rr""·tth~: 111dhu1l (WC1•UYla1d tl al. 1959, 

\\ 1utn..4~ l'X1I. llru°"'u ti al) oc l>y the fol.Jowm1 

l'llll·lll••"h 

h1,,- 11101 \'dte (111l:.-=8bxl.nght {nn) + 
IH 1, • ,..-..:1• I~" l l:IJO (SI>. 190) 

}•o,,- tt'11111n1 VdK (ml) = 7 5 x hc~ht (cm) + 
I~ .l' wci"lit I~. l W.l (SI>. I.HJ 

II ,Jio11l1l l.1· •"•lnl tli.1t true (_'tll vult•ne ~ 

.. 11i.,:lilly ... 111.1111 r 1h,111 \/1hr •1' cakuMtcd lililf.1u\lt 

111."' ... u-.c.· llK· t 1 II 1111111111~ uf the hanaiitocnl 11rllllf"\ 

h•Hll ~liit"l1 1h1 \,d11<1· i" cOllllculatcJ couutn 2---S 
I" r t1·1tt u( lr.q11ot•I pl.1 ..... 11.11 (l<tTVC IYSI!; Chd.11hn 
~ M1.Jl1-.1.•1 111;_'., Eh.wt-:h, 1.-.:vn.: & l·A1~1 

1'1SS; (~11i:11-.•11 ,\ 1;.1\'"'"'1 195tJ) imd the L'llHy 
1 ••.1-t i ... ·Wt1. luolt ,\ 111 lh-1.· lw.·11 .. ~t.11. rit r~adil'tlt. O\lf JJJe­

d1111 .. n ~1.11111.11.1. t \\'1 :r1,..·~L10J rl al. 195-'J; lkuwu 

d 111 ) \\ 1 r1· 1'11 p,11'qi \\ 111.ouf rHrrw:t1ocrs fit.Jlf l·••v-
1" 11 pl.1 .. 111.l 1 .. 1 .111,,· 11u '~•~It: fdcivr j, Utnk1nnly 

.1,1pli1..1h11· 1l l1.q•l111 ,\ ~IHll1.,.11~ J9Sl; Eba~1 ~I al. 

1~,.)S) .\ltn ""'' 1 \t'tl VrlJC ha-s bttn cot1tp;.l,-cd 

\11th lh(· ''11r 1·411111 il '"'"111al" for the •'•J('(._1, a 

-.u1t.141I,· t1•11 •• 11.o11 l.11101 lo..- tra.111J(""tl. pl~1u n10&y 
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---- ·-----be .-i to <klenn;,., the "true" Vroc, if desired 

(!Ueve ICJQ; ll1...,ii<• & Mt~lioun l9Q; 1~1 
11 ol. lllSS; (;~ll'<"C" & IUo_,.. 195'1). The run­

""" ol the bully uuat repc<'oe11l "'~Y 0.S-1.0 per 
Cftil ol the ocll ...iu...., in 1-'<fly 1J'Q1>1< ( W;n!nJbc 
1%1), ...... - Ir.we luund the t>op ol the cell aXumn 
.,..;.,,,. to r-S t ..... the mttnaoc her......, red and 
lfr.IY k>yus. Tl>C"tt~, w" i......, fol"-d the pnc­
IK.'< ol R«ft (19!ll) in our lludin of l10nhlli ...,_ 

i«b. 11....-icrit read-... c.,... be -iw lll>PrC>­
priately Mictt the bully roat uc«dl I PW. 

RESULTS AND DISCUSSION 

l'.vaJualion o/ sources oJ trror and 
cott1tt1enls on lecliniqu:. 

Errors of measuring a volume by the dilu­
tion technique can be considered in two cate­

gories. First, is the accuracy of estimating 

the amount of indicator added, in this case 

tagged cells. II the dose administered is 
smaller than supposed, then the volume 

appears lasger than it really is, and vice 

versa. Included in this category arc a) meas­

urement of the volume of cells injected, b) 
the accuracy of counting the radioactivity of 

the tagged cell suspension, and c) hidden 
errors, such as loss of some of the tagged 

cells from the circulation i11 vivo, as might 

occur if cells were damaged by the tagging 
procedure and were phagocytized or other­

wise removed lrom circulation. The second 

l'ategory or errors relates to the measurement 

of the dilution of tagged cells in the blood. 

lnd11tled here arc a) the time and technique 

of blood sampling, and b) the accuracy !of 

estimating the radioactivity of the ~les. 
Since the measurement of r · ti i is 

critical to both the estimat h lose 

d•li•«ffi ""' ;,. <1;1.0;00 kJE , ;, 
will he ron>idrr<l Tirst: .. J r··- ·1 

\ - .. _ ,.. ' 

•I 

r.·rrors i11 mtasurement of radioactitJii 
. .Y. 

With the plane scintillation counter 11~ 
during collection ol the data re1M•rttd h•". 
10 ml of the tagi:ed cell suspension generally 

yielded a. total of 20,000--30,000 counts/ 
sccood1, providing a good contrast betwttq 

the blood sp«irnens a11d the background 
radioactivity. The counting error averaged 

1.6 per cent ( Nomof 11 al. 1954 ). Samptt$ 

and sh.ndards were placed in dishes, 42 rnm 
in diameter, for counting. Variations in the 

distribution of the tagged cells in relation to 

crystals of the counter caused by sedimenta. 

tion could be obviated either by twirling the 

dish just before counting or by hemolyzinr; 

the cells. We found the latter unnecessary. 

Thirteen duplicate samples were counted: 

one mnnber of each pair was frozen and 

thawed, the other agitated by hand. Tl~ 
mean Jilfcrcnce between the hcmolyzed ;md 

agitated samples was nil, and the standard 
deviation of the mean of the dilferences was 

0.18, or about 1.5 per ce1-.t of the average 

counts per second of the 13 hernolyzed speci­

mens. This result also shows the approx­
imate size ol the variations that can 

1
be ex­

pected from pi(><ltting and countr·nv ·errors 
p I , i 

combined. . , ' , 

Errors in measuring the adminis;i:red dolt 
oJ lagged cells. Th4 , two most important 

rhangrsl we have i~·Hle in the meth~ arc 
a) tai:gmg tr1 cfl · the day before 1mtea<I 
ol the day o, h~ penment, an•I b) ns111~ 
_the inlusion appara us and indwelling ncetlk 

· lor administration of tagi:etl cells and for 

sampling. Tests were made to assure thal 

1 
Wi1h the W'Cll-lyp< sci<aillatdon tkieclu< ·­

boio• t-.1, ··~ 10 ntl of t.;c1t>d ooll ..... ~ 
yil"Jld-, 50,WJ.--00.00CI l·uu1 .. ..J~:unJ 

111her innovation 11np.111--. l!H .11, 111.H' "' 

ii< 111etl1t.Ml. 
I ()vernight ~lo1a~:c 1tl t.1~:•:t.·d n·lh \\ 1· 

ckr to study the p.dwnh lwfn11· thcu 

rakfa.st so that tht'lr 111t·l.d1olil· a111l cur11l.1-

slatus will be a":t u11i(orm a-. po~~1l1k 

Jgging the cdls in the aiter111>011 and !->t1Ji-­

the su~1~nsion ovc.·r11V~l11 i-. ru11venir11t, 

ially for le>ls on lm,1111alw·tl 1•1tit•11h. 

[,ble I shows that alln 1o1·nnii.:ht rdrii.:cr:" 

""·the supernatant "'linr ronlain' le" than 
:1z per cent of the r.ttli••1Llivily ul !he whole 

..spension. In animal cx1~:ri11..,11h •ksrril..-•I 

<>(where ( Wennesla111I d <1/ 1957), \vt 

tiowed that although 'on1" .. t lilt' tai.:i.:1·11 anti 

irfrigerated celb n1ay l.t:• ra111:ht i11 the luni.:, 

;.er and spleen ol recipie1~t i a11imab, the 

1r:gree of such cell lo'> ;,: il"uHicicnt to 

Jlc£1 blood volume J .. 1cr111imtiun' \Vhc1 

,tlls stored for I dp~ Wt'rc i11j...-tt••I i11lo •lo.:' 
k total loss of tak.'ira "l'1l11i ;u1d 111 "l'l'l'O \\,1~ 

hble I. Loss o/ N111liodn11111111m (Cr·H) 

'1' l~e, T,gy.-d Cd/, '" 1/i,· S11p.., ""''"'' 
Wlae·a~ lo tlic /11/111io11 .lf'p<1rat11s 11/t.-1 

6--'20 }/ .,,.,_,· Storn!/f. 

--- I No .. r 
lt:.d1oacti"·ity an·~ .• 

l..oe.I of Cr11 to: oluwn••- uf tot•I do·u-

tmn!l ------ ------ ... 
:'\h-.rn s I>. 

Supcm•laot ulinc . I l 11 I J2 lllH 

l.fua1on apparatua • 
SynnR~ I\ 111'1'1 011.?h 
Glau bulb lo 111110 111141! 

Tubinc ti UUOK ti IJ4Ji 

•~onnined hy mt' .. h\llLnl-! tl11,; 1.ld1oadl\·11,· j,( 

'~NJK'S', whicb wore H"l"·.1'11._·11 111lllil tht· t n11u1' 

~ when C41Ch pot1lrn1 of .1p1•:11.t41r. \\.I, 

~ dU-cctJy in th'" ·~:iulill.111111\ ro11utcr d14l n"t ii"' MR:rWl«a.utly fp)UI llu· 1,,., L.i.:ru11111l r.11l1q 

.. 1 ... ,. 

•I loll•' '·· 

!.--..-. 1li.111 0 .l Jwr 1.:1·11t ( \\'e1111e ... l;u1tl ti ol 

l'IS7). Th.- lo" of Cr" (ro111 the t.luo<l 1lur­
i11i.: tlu· fir-..1 .!·' hom ~ aite1 iuje'f.:lion of (·dl'i 

lat-!1-:etl antl ~lrned l>y our 111dho1) .averag-<'tl 

5 per crnt in 8 hr;ihhy "'l>]rt·ts ( Nomol d ~/. 

1'>54). Mulli,on & Vea.II (1955) luuntl a 

'11111lar rale (6 per rent) in 16 experin1cnts 
11 ht-re the hlood was rt"turncd in1111e•liatdy 
;i(lcr tagging. Overnight storage therefore 

appears not lo have any di,,;idvantage, at lea>l 

when dealing with normal bloud1. Hughes 

Junes & Mollison ( 1956) believed it was 

unlikrly tha.t the early loss of Cr41 was due 

lo lhe handling of the l>luod, because they 

lunrnl •·•1ual rates ol loss when blood wa' 

tagged in vilro and in vit•o. 
2. The infusion apparatus. The imporl­

anrc of a clean venipuncture and or accurale 

measurement of the amount ol injec1ed tag 
ha, lung IM·rn recognized (Price & Longmire 

l'H.?). The radioartivity left in the lulnng 

a1ul i;la" hnlh a<ltb al»ut 50 per cent to the 

nry >m;lll amount left in the syringe 

( Talok I). Variation in radioactivity re· 

111ai11i11~ in the entire ddivery sy~tem are 

•111itc small (Tahl.- I). 

1 /u 11lr11 h4'01lh111t( uf tt11e hlood, nt'l .. ~~)' in 

all ti~ r.-lio.i.chvc cdl-t:.ita{lllic 11Jt:thoch, JllQY Nu~ 

indekm1in .. Kc C'fl'OCS> m ntirrliM.llJI{ V..-bc of jMlllt'flh 

wr1h hc•nP.JlytrK: t(..'"IJJrocie-'t urtlit-96 checked by mc.l6-
lllTllll"11i'S of l..,·11 .... unrv.r.I In a. lar~ cliriiia..;i.I icx­

pi-ru·n1:-e >A'11h the 11111h1Kl, we h.-w had to ~Jiaolou 

11~ tr!lil un rw1c <A'l:.t-,.iocr. f»t"t~U'.:IC of vi!i.1lJJ.c lM"mo-

1)...,j..., of ti"· taJ.,:J.,:ctl tl'll .,u.,.1t·u.~m- Tire 1.atie111..., 

u--.11.dly h~l rL"u;il <l1~·~. OU1•l the l~·rni0ly!i.1s 01. .. 'Cur­

n·1l t:.1rly in lht.· 1ag1-:••JJ: 11rt"e..•11rc (uvcn1ight ~or­
.11-:c \\.3"l. 11111( IH\.'•thot'i.I) Thi" olh't'rv<li••O f.Ml~S the 
,,., ..... 1hil·llty 1h • ..c 111 .. 11·11 ltt.-i11oly::i1~ 111;1.y l>c ac(cll· 

111.~cJ auJ l~ ;.i:1 i111p11nrta11l 51-JUrcc of ~nur Kl p.illl-
1 ... ,•~ \\llh lrmol)·l.i: lc1Kk11C1n tiuc to ~xtncor-

111"111lar f.1t 101 ~ 

/i 
I 
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360 R. WENNESLANU ET AL.. 

Tab I e II. Average Hemalocril and Cell 

Vol1one (Vrb<) of Blood Samples Callecled 

10, 20 and 30 Minutes aft.-r lnjution of 

Ta!Jged Cells i11 27 /lealthy Me11. 

TirM of 

I Hematoait I Vrbc Sampq 
~. c•ll1 I min. --

10 I +4.54 I 2.06 
20 ...... 2.06 
JO +4.S6 2.05 

Errors in collection and timittg of blood 

sampl.-s. I. The indwelling needle. This has 
the funher advantage of obviating hemocon­

centration resulting from repeated veni­

puncture and tournic1uet applications. The 
phl"nomenon of "spontaneous hemodilution 
following veuipuncture", which has been de­

scribed repeatedly (Gil»on & Evans 1937; 
Hanna & Marshall 1955) and has been ob­

served by us under different circumstances 
(Brown, Hopp<'r, Sampson & Mudrick 

195!!), is not found with this t•rocedure. Ju 
27 ex1>eriments, samples were taken IO, 20 

and 30 minutes after delivering the cells. No 

downward trend of the hematocrit readings 
was ohserved (Tahle II). 

Two suspicions arise about the iuclwelliui.: 

net'dle and t_he infu,ion apparatus: 11) that 

hluocl clrawn for samplini.: mii;ht he couta­

minatecl hy accumulation of C~• in the needle 

and vein near the site of injection ancl b) 

that the samples taken shortly after di.con­

tinuation of the infusion mii;ht be c~nta­

minate1l with saline The following ex1,-ri-
111ents were therefore <lone. 

111 19 tests, one sampletwE. t~ke1·•1ro111 
the imlwellini.: 11eeclle in th . sJtiw . (in­
fusion discontinnt"d for 30 · 01LJ. 1 the 

first 2 ml of lhlootl · dist:f rde<l). A seco11<l 
~--·- ., 

\ .. / . .. . 

'I 

---­sample was taken from a distant vein, with 
care to avoid the ~feels of tourniquet stasi, 

(blood taken no less than 30 S«oncls after 
relmsing tourniquet; first 2 ml discarded). 

Table Ill shows that the Vrbc delerrnilled 

from blood taken from separate sites was tht 

same although the hematocrits of hlood froni 

the freshly punctured veins ave1age<l I SQJ, 

division higher. To test whether the diller. 

ence resulted from contamination with saline 

from the infusion apparatus, we co111pare<1 

the hensatocrits of two successive 6 ml 
samples taken from the same needle alter 

discontinuation of the infusion. I 11 15 expcri. 

ments, the first sample was not significantly 
more dilute than the second (Table IV). 

Thus, it appears that the indwdling needle 
ca11 be employed without fear of contatnin;i. 
lion oi the samples by eith.-r saline or Cr". 

It has long been known that sii;nifican1 
hemoconce11tration can occur when blood is 

taken during the application of tourniquets 
(Peters, Ei>enman & lluli.:er I ')25). When 

no particular care was taken lo prevent 

stasis, e.g., when blanks were drawn lo de-

Tab I e JI I. Rrrn/t, of !tfeasMrem~nb o• 

Hluod Sanof>/rl Colletlecl from a~ lnf11(ell1~91 
N adle and from a N e·wly l'/11ad N etdlr •• 

Llisl11nt v .-i .. in J.! r . --' .... -
' ·---. -· - . 

I ~p";'if"" Collecled from: 
ll•li<f· 

l1n~:f.llin9 Newly Placed 
en<• 

c die Needle 

i Mun S. D. Mean s IJ. Mun SI 

Hcnu.locrit 
% cdl1 45.Jll 340 46.40 3 JO 110 u' 

Vrtx. lucre 2.08 0 30 2.08 0.31 0.00 oo 
Vpl, h1cra 2.52 041 2.42 0.37 0.10 oi 

-

CH:'il ~11 llH•H IOH. l1l-T1 W\11NAflO!'ll(H··Hl-UCl-.U. VOl.\1\lt: 11.1 ----ttfTlline residual radioactivity from earlier 

<'periments, the hematorril \\as sometimes 

4115tically elevated. lu one "'"e, the cleva­

rio" was as much as 7.8 scale 1livisions (avcr­

JCC in 87 cases, 2.5). Thi' artifact does not 
,fled the determination of \' rhc since the 

.,osurement is (>a,ed 011 the raclioartivity 

ancJ the hematonit ol llw '"n"' 'ample. The 

d<rived values, Vpl a111I Vwli, however, can 

~seriously affected (Tal1lc Ill). 
z. Time and numher of ,,,11nples. In direr! 

deltrlllirsations of V pl '""·ti 011 a siui:le 
sample, JO minutes i> 1"11:.lly ron,i<l<"rc<I au 

1.t.quate mixini; time ( Nol1le ,.,,,_ I ;regers<'n, 

1946). However, thr<"e n,·ent stu<l1e> i11volv-· 

ing the use of rapid 111nltiple 'a111plini: li;ive 

shown that fluctuatio11~ in ~hf ~on~·enlr.ation 
of tagged cells or racl11rn llv~ 1<Mh11ated al· 
oomin may C01llin11e for lo11gt'f than 10 n1i­
nutes, and even as Ion..: as 25 111i1111lt-s, aht·r 
injection of tags', :even ;;1 l11·althy >ul1jecls 

(Pritchard, Moir & Mad111yre 1955; Ft111!-­
ti.us.-r 1957; Tnrl-nw.1, Finnnly ,.,,,_ ll11d1-

,'"Jlz )959), f n 27 ''"l"-"rinwnts in v. l11d1 

~mvl_e,,' '("~re taken 10, 2tl :111<1 JO 111in11ks 
dlrr ll•JL-Ctiou o( the t.1gg<'<I n·ll,, llll'an \' rlK· 

was the same a.I each ~;nnplini: ti111e (Tai.le 

II). The variation in rad1oaclivity hetwrt•n 

Tali le IV. llrme1l11cril1 of [;i•o S<1C<""Hl1'<' 

6 111/ Samf'frl o/ /Hoocl "J t1t.-u from /11di.·.-l­

l1•9 Nteclle aJtcr /J11rmiti•1ui11~1 the St1l<n<' 

"'"" a. ... 
S.1>. 

/njiuion 111 15 I: •/'<"fllllrnl>. 

lkm .. tol.:ril, •:;,cells 

Finl Hmplc 

42 2 
18.0-4K.0 

3.3 

St·t..unJ 
!l • .1111plc 

42J 
38.0-~H t 

H 

l)11fcrcncc 

-l UllK 
-0 3- I U.K 

II 27 

the J 'amples in a sini:le experiment in this 
series, however, was significantly higher than 

in a succeeding 103 ex1..-riments in which 

sampks were taken at 25, 30 and 35 minutes 

(S.ll. of a single reading = 52 ml in the 

first 27, and 36 ml in the succeeding I03 ex-
1..-riments). As long as at least 10 minutes 

are allowe1l lur mixini; am! the >1ili1n:t has no 

circulatory disorder, errors due Lo premature 

san1pling not be larger than 1-2 per cent 

(Nollie & Gregersen 1946). We prder to 

wait 25 minntes or loni;er for the reasons 

outlined alKive and bet:ause there is 110 prv­

lilem with loss o( tag when using_ Cr61 . 

Three sa111plrs were taken at S-111i11ute 

inkrvals in to.I experiments 011 he'1hhy men 
( We111ie,la11d et al. l'J59). Anal pis of the 

difft.rem:es lx-lwt:e1111ulivitlual rc~ults ~huwetl, 

for Vrbc, 

sta1ular<l deviation of a single valur­

= 301111, 

stamhtrd error or mean of 3 values 

= 211111. 

Tlit·:,.e vol11nws are small in romp~lri'ilHl 

with tlw ~1.u1d.1rcl tleviat1011~ of tlie nu·.111 

pn·1lirteJ n·ll volumes for men a11<l women, 

I 'Ill a11d I .I-I 1111, re>tJ<'l"lively ( \Ven11r'l~11d 

<'t e1/. l'IS'I, Brown ct al.). The S ll. of a 

>ini:I" value-, .\II 1111, 1qir1"Scllh le» lh.111 lo;1ll 

of the n1l',111 d1fk1 r11re between rc>ulb of 

rq1t·att·1l 111ea'.'.11re11n-1Jts on i11dividl1al s11h­

j1·rb, XII 1111 (Ta hie VI). Thus, the rnult 
ohtai11r1l r nun a !_<,i11gle ~atnple is arrurate 

1:11ougli for 1110:-.t clinical work; we take 2 
.....uuplt·"· primarily as a !H!fl'guard agai11~l 

lo:-.~ or l111·al,;1ge, and avc:raJ.!r the rt>~ult~. 

~1ixi11g may he clc.:layt·d lo an imporlaut 

lkgrec 111 a 11111uht·r uf pathoh'f,!ical condi­

tum~. and prt·111ature san1pling: give::. spur-

I 

I 
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Table V. Cell Vol1on1 (Vrbc) ol Nor-1 
Jlody 1't•tero1Nre oRd as fo,.,.d by l•­
jutiag o Suoad Dost of Tagged Cells aJter 
l<u1al Tmiptra1,.,, Hod Fallu 10 Z7-zs·c. 
Two Polu•ls SNbjtcltd lo llypother•ia for 

SNr!JKal Optralia11. 
-· 

Subjecl 
Roes.I MW.. Vrbc 11 ..... 10-

T- T;.. 
I crit 

•c ..... -;. uU. ... 
Fine dooe ll.O 55 uo 41.2 

"'etlll 11.1 65 .... 41.0 

Second dooe 27.4 16 1.14 ..... 
26.9 l2 1.42 ..... 
U.7 51 J.44 ..... 

i:. ... .._ 17.7 51 2.95 47.1 
olccU. 17.7 59 2.95 ..... 

SccunJ doM 27.0 15 l.61 50.6 
26.7 25 2.61 506 
1U 62 2.71 41.2 

iou•ly low values (Nylin & Hedlund 1947; 
Brown, Hopper, Sampsou & Mudrick 1951; 
Krilly, French, Lau, Scoll & White 1954; 
Pritchard 11 al. 1955). Jn cases of cong~stive 
heart failure we take sampln al intervals of 
15 minutes (.,.. one hour or longer. The re­
&ultant "mixing curves" are nearly always 
flat hy the end of hall an hour. L4Ution is 
re•111irtd in interprtting re>ults from tests 
m;ule during shock or hypothermia liecause 
there is rvidence that portion> of ll1e .··~.cul~r! 
tree 111ay never be rc:-.u:htd hy the 1a1:1:rtl ...-II• 
in thcst conditions (Rodbard, Sail..1, hl .. lin 
& Young 1951; Prentke •. Qlne)', !Ar11 It 

Howard ~54). '.fhus,te mixing curve: may 
be flat, bu lie rJ"'I volume of distribu-
tion r~r ts ~.~e i culating, rather than 
Jhe total, vOlun . ·Observations on two 

I . iiii!!!-:~l .. i. ,subjected lo hypothermia before 

\ l,s~~gic~J rocedurts (Table V) illu'olrate this 

" . 

----point. Vrbc was measured i11 the USIQI 
.._ . d . I ·I . "'•• udore 111 uchon o ane•l 1ts1a and hypotht · 
mia. A Meond d°"" of taggtd ctlls was c· '· .. .._ 
alt..,. rectal temperalurt had fallen at.o... 
10• C. Vrbc appcartd to Lt 7-10 prr c 
low..,. during hypothermia than iust pr'lll 

•• to ib induction. Similar results Wtre obt.ii..., 

in 3·of 4 splc:neclomiztd dogs •ludied duri~ ' 
experimental hypothtrmia. 

ReprodNcibilily and rtloltve 1na9ailud1 •I 
ct>t11po11,,1I JoNrUJ u/ error. 

Jn thrtt experiments, subjects Wtre givrn 
a s«ond dose oi taggtd cells immediatd, 
alter thr first. Uiflemicc:s belwrm first and 

St:Cond V rbc wtre 0, 90 and SO ml, or 0, ~) I 
and 3.4 l"'r cent. j 

Sc:venlttn h~thy men were sulijectcd to 

St:Cond or third tests altc:r intervals •J 
l-Jl wttks in ord..,. lo avoid using it.. 
larger amounts of radioactivii.y nttded lor 
immc:diatc:ly sequential mrasu~dne1;1~' ct .. 
ble VI). The mean of 20 diiltrences: .,., 
77 ml of cc:lls, or 3.9 per cent (range:, 10--
190 ml; 0.6-8.IJ per; ~nt).1 These rrsuh• 
define the outer ll1nil1 of experimc:n~I nror 
or bryond, si1ice they ar<i affected nut 0td1 

by ... lhe components of the method but h1 
l"l'sil.le changes within subjects. Uillert'11<<> 
ylj thc: •ame mai:nilude, ho10·ever, have littu 
,u1mJ b~· o_lht"rs who rrpcalN 11aea.~urnur111> 
nt '!thorll"r 1ntf'rval~. Those 1ntasur111g VCru 

rrporkd 11ilferenres of 0.4--10.0 per cent 
(1{1•ill)° rl al. 1954), 4 l"'r cent (Eisrnlicr~ 

1954) and 2-8 per cent (Walser, Dully & 
Grillith f956). The experience with PP lu' 
been similar. Dillerc:rices ktwttn pairrd 
mc:a•urtmem> were 0.1-6.2 per cent of cdls 
(Chaplin 1954), 3.5-7.S per cent oi cdb 

'II .. ,,. 1111111I11K Iii 11 IUllNAtlO~ Uf llt 0 l ll.L nu.1·\ilt 

Tatile \'I. l\tf'•·ulcd ,,,..,,,,,,..,n,·nlJ of all and whole b/oud volwmt rn 11 htalllsy 

111<·11 ol 3 lo Jl wuk inttrtl<lls. 

SllbJrCl 

.. 

ln•~rul 
between 
IJ\l'ol>UfC· 

111t.rill 

4 
2l 

7 
22 

4 

JI 

ll 

24 

12 

10 

lJ 

lJ 

? 

., 

Ill 

llc::nu1lo· 
crll • 

47 2 
47 u 

414 
4 I) 
40 l 

40 x 
4il6 
421 
424 

4H lJ 

41J s 
4K K 
4KO 

4K 4 
4K l 

4S l 
Ho 

4S S 
4S l 

40 l 
JK II 

40 7 
41 K 

H.l 
HK 

·U·" 
HS .... , 
4S l 
·h 7 
HI 
H7 
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... h II 
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HI 
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Fuund 
I 

2« 
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IW 
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·~ 
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Hl 

2 I) 
~~ 

I KJ 
l~ 

I b) 

IW 
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lh 
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2 OJ 

IQ 

'" 2 l'J 
2 lK 
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l l7 

l Kl 
lH 

·~ 2m 
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U1Hcrc:nc£ 
I 

019 

IJ us 
0.16 

oos 
0.04 
0.01 

0.01 

oos 

0.119 

O ll 

IJ.119 

0.10 

0.01 

Ollll 

U II 

u °" 
uo•• 

O.Ul 

OU) 

o ll 

OUK 

oos 

Chanjic 
% 

7.8 

l 7 
88 

l.0 
24 
0.6 

0.6 

l.8 

4.2 

S.7 

4.l 

s s 

06 

4.5 

n 

) l 

4 I 

09 

J.9 

68 

)9 

2) 

Whole lllood 

t'ound I uatr~Hncc:I <..:hanac 
I 1 °' 

5 18 
4 79 

4 )0 
419 
4 90 

4 10 
400 
l9S 
J.19 

J.67 
] 66 

J7l 
367 

400 
4 20 

SW 
s)) 

4 69 
4 SJ 

4 So 
s 07 

4 00 
H9 

4 02 
416 

4 SS 
4 40 

404 
4 17 
4 6~ 
s lb 
s ll 
4 K9 

l 94 
) 69 
4 )4 

4.71 

0.39 

0.11 
11.71 

0.10 
oos 
IJ.06 

IJOI 

o~ 

u 20 

0 24 

Ult> 

0 SI 

IJ JI 

0.14 

009 

O.l) 

u 47 

u lJ 

u lS 

0 17 

O.lJ 

0.18 

7.S 

26 
h9 

2.4 
I J 
I 5 

OJ 

I l 

so 

47 

H 

11.2 

7.7 

J s 

lU 

)2 

100 

4 \ 

64 

8 s 

S2 
4 I 
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Table V. Ctll Vol10H (Vrbc) al NorfflGl 
Hody T,,.f'nalMr( a"d as Fow,.J by l•­
juli•g a Suo"d Dou of Taggtd C,lls a/In' 
Hulal Tt.,.f'nalt1rt Had Fallt• la 21-28"C. 
Two l'al~•I• Swbjtcltd lo llyf'ollrn•io /or 

Swryical Of'n'alio•. 

Rectal MU.ins Vrt.c "-Subjeo;I Temp. TinM I ail 
•c ..... %cello .. 

Fi,.. dooe Jl.O 55 uo 41.J 
ofullo J7.I 65 UI 41.0 

Second.._ 21.4 •• 1.>4 .... 
26.9 Jl 1.42 .... 
2'-7 52 .... .. .. 

~ )7.1 51 2.95 41.I 
of~·· l1.1 59 2.95 .... 

S..-Sdooc 27.0 15 1.61 50.6 
26.1 lS HI 50.6 
26.1 62 2.1J 41.2 

iously low valurs (Nylin & Hedlund 1947; 
Brown, Hopl'cr, Saml'"°" & Mudrick 1951; 
l<.eill)·, French, Lau, Scott & While 1954; 
l'rilchard ti al. 1'155). In casc:s of congeslivc 
heart failure we 1.al..c saml'lrs at inlervali; of 
15 minules foe one hour or longer. The re­
sultant "mixing curves" are nearly alway» 
flat by the end of hall an hour. Caution is 
r..-11uired in interpreting results from lcsls 
ma~ during shuck or hypothermia because 
lhtrc -is evidence that porlions of the vascular 
11 re may never be rtachcd by the tagged cdls 
in thci;c condilion• ( Rodbard, Saiki, Malin 
& Young 1951; Prcnlice, Olney, ~rlz Ill 
Howard 1954). Thus, 1~ millinag_rvc may 
1.., llat, but the observe Ef.Ic dislriliu· 
lion represents lhc cir ti , a 1..,r than 
Ilic tolal, cell volume. ti on two 
p;itie111s lubjmtd .. rt hypothermia before 
surgical p ,i_edm~J J ablr V) illu!itratc tlti, 

·,_, ... . I 

-­point. Vrbc was measured in lhc U~l 1'1a 
before induction of anesthesia and hypothtr~ 
rnia. A 1«ond dose of tagged cdls was given 
after rectal tcm1..,ra1ure had fallen abou

1 
to• C. Vrhc appeared lo br 7-10 per ccni 

lowrr during hypothermia lhan jusl l'fior 
to its induction. Similar results wrrc obtaintd 
in 3 of -4 splenect.omized docs studied durinc 
expcr~ntal hypothermia. 

Rtf'rodMcibiJ1ly a11d rtlalivt may11itude of 

c0Mf'o•1J1I sources of error. 

In three expcrimcnls, subjects wrre given 
a second dose of tagged cells immedialtly 
alter the first.· Differrnccs between first and 
1«ood Vrbc were 0, 90 and SO ml, or O, 4.5 
and 3.-4 ptr CCIII. 

Seventeen hcallhy men were subjected lo 
second oc 1hird tesls alter inlervals cJ 
3--Jl weeks in order to avoid using ti"' 
larger amounts of radioactivity needed lor, 
immcdialcly scc1ucnlial rncasurcmenls (la\ I 
blr VI). The mr.111 of 20 dilirrcnrcs w•,'-
77 ml ol :cits, or .l9 per cenl ( rani:e. 10--
190 ml; 0.6-8.8 ptr cent). jThc"" ,resu\i< 
define the ouler limits of exp«im~1~ e~rLr 
oc beyond, since they arc affected nJ i>nly 
by all the compoJicut. of lhq method bul I>) 
possible chang~s within sul>jecls. Dille1<11Ct> 

of lhc 'i'f. flg11i1udc, however, have !>ctn 
found h~ T'h r who Hpcale<l mcasurcmt'nh 
at •hurter inl vab. Thu.c mea,urini: VCr" 
r~porled dilkrcncc.~ of 0.4--10.0 per rrul 

(Rrilly el al. l'l54), 4 l"'r cent (Ei.,nbrr~ 

1954) and 2-41 ptr ccnt (Walser, Dully & 
Grillilh 1956). Thr cx1..,rience with 1'11 li;i; 
hccn sim:lar. Dilfcrenccs hclween pairrd 
measurements were 0.1--6.2 per cent ol cdls 
(Oiaplin 1954), J.5--7.5 per cenl ol crll• 

MATERIAL REMOVED 

Ck$l)lllllt11Jtt•Rl>t.lltt\ll'\ll11._.l)Fttll•tlll \11ll\ll JbJ 
---------- - ··------· ---- --· 

Tab 1 e VI. Rtf'toled mtosurt'm.-nts uJ • d/ 11nd whuh- bluud t•olu111e in J 7 heoJtlay 

'""" at 3 tu J l u 1r,·k interot1l { 
--

lntc.,,al I II l'cll• Whole lllood be rOU11U-

Subjoct I m<•.::;:_ '",~, • --------- -----· t:~;;.J-, Ullfmn£el Cha•>11; h.mnJ l>1tl,·rc:ncc: Cha114tc: 
nliCOla " I 1 % I I 

41 l 244 019 7 8 
s 18 I 0 )9 I 7.S 

HU 2 lS 4 79 

414 I Kb 0 us 27 
4 JO 

I 0.11 I J6 
HJ I HI u lb HH 

4 ,., 
071 16.9 

.. 01 I 1J7 4 90 

.. 11.K I h7 u.os J 0 
4 Ill 

I O ID I 24 
-tOb I o2' 

111>1 24 
4 00 ODS I J 

42 I '"'• II.Ill u.o 
I •S uoo t s 

4H I.bl J 89 

4K ~ I HU 
ll.lll O.o 

)bl I 0.01 I O.J 

rs I 81 J bh 

H8 I HI u us 2 K 
]71 I 0.04 I I I 

4H 0 t 76 )bl 

4M 4 I ,l 
111~1 4 2 

4 110 I 020 I so 
01 2 Ul 4 211 

4S 2 2 JU II I J s I S IW I 024 I 4.7 
45 b HJ Sll 

41 s 2 I J Oll'l 4.2 
.. h'J I O.lo I 14 

HI 211-1 4 SJ 

.... 2 I HI 11 JU SS 
.. l\h I 0 SI I 11.2 

lH U I ~I "u7 
.... 7 I h I 

Hiii Ob 
-t 00 I 0 JI I 7 7 

4\M I h! H• 

HJ I 7K 
11 llK 4.S 

4 112 I 0.14 I J s 
H8 I Hh .. lb 

4h, 2 14 1111 S I 
4 \\ I 0.119 I 2.0 

41 \ 2 Ill .. 4b 

.... ,, I K2 1101. J J 
4 04 0.IJ J 2 

4q I KH .. 17 

'4h 7 2 ... 
Oll1J 4 I 

.. ,.I, 
047 10.0 

Hl 2 2K \ lh 

HI 2 2'• 110.? "'' 
I 12 02) 4 s 

-th j 2 11 .. K'J 

th 0 I 'l 11117 J 'I 
111-1 

02S 04 .. , l I 71 j h'J 

Hl I •1l 
1111 h K 

.. 14 
0 17 8S 

411 2111 I 471 -->----

Mean .I -- I ti UK J•j U.21 s 2 

llllfi l J U II 41 

• UlllJDll"r«1rd tor tn.1~11<'11 11kl~nto• a11,I tr.ail tu tlK' 401• uf the 1.dl 'oh»111t.. 
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(Samet, Frills, Fishman & Cournand 1957) 
and 5.7 per cent of blood (Berlin, Hyde, 
Parsons & Lawrence 1952). 

The data presented earlier make it clear 
that with our procedure used in healthy sub­
jects and animals, errors in Vrlx: due to the 

i" vilro handling of blood and to the tech­
ni')uc of administering the cells and of sampl­
ing arc very small, totaling well under 1 per 
cent (Tables I, Ill and IV). With an aver­

age counting error of 1.6 per cent ( Noniof 

el al. 1954), the error arising from ntimat­

ing radiooctivity of the average of two blood 

specimens, compared to that of the tagged 
cell suspension, is less than 2 per cent. At 

least 2 per cent of the average tcst-rctClll 
variation remains to be explained. 

The S.D. of the hematocrit of a single 
l blood speciri1en, measured in duplicate, was 

0.27 SCllle divisions in the 103 experiments 
where 3 samples wuc taken. The experience 
is about the same as described by Wintrohe 
(1934). from whnst <lata it awe.an that the 
maximum expected variation of the test as 
performed i" vilro is 0.86 per cent. Our 
practice of averaging the duplicated hcmato­
crits of 25- and JO-minute sampln lowers 
this source of error. An indeterminate error 
in calculating Vrlx: from the radioactivity of 
whole blood relates to the ')uantity of plas­
ma trappttl in the cell column. With normal 

blood and u1tiform proctdurcs of anticoagula­
tion and centrifugation, this quantity might 

be expected to represent a constant fraction 
of the cell column. However, from the diffH 

cultin encoontercd in measuri~this fract!" 

(Chaplin & Mollison 1952; I IE11·1J t~ . 
1955; Furth 1956; Gregerse & 11" 11 

1959), this ex~tion may n JUsti · . 

Such error cou11 l~iv~rr an~nt to 2 

I 

'I 

per cent or more. An error, pml,.•lily not·~· 
ceeding one per cent, arises from assumin 
constancy of the fraction of the cell colulll: 
occupied by white cells and platelets, or frocn 
errors in estimating the thickness of the 
huffy coat (Reeve 1952; Wintrobe 1961 ). 

Vpl and Vwb arc derived values and UIJ. 

certain to the extent that the observed hellJa. 

tocrit of blood taken fr?'° a large vein or 
artery differs from "true" body hematocrit 

(Oiaplin, Mollison & Vetkr 1953; Greger. 

sr.n & Rawson 1959). Tournil)UCt stasis or 
dilution al samples ~vilh saline or antico;i. 

gulant solutions can seriously affect V wti • 
and Vpl without affecting Vrbc. In repcattd 

determinations (Table VI) we found that 
V wb was less constant than V rlx:. This can 
probably be accounted for hy the !ability ol 
Vpl and it~ d~<lcnre on ho<ly water and 
cardiovascular pl1e11ome1ia. Because the ratio 
al body hcmatocrit to large vessel henialocnt 
is affected in several clinical conditions when 
blood volume is au important varial1I< 
(Drown, Hopper & Wenueslan<l 1957), our 
prediction standards for healthy men and 
women were prq>are<l without applying ,:or· 

rcctions for this discrepancy. H V,<:;r'• iis · 
thus cons.idercd to be Vwb, and Vpl \:= Vw~ 
- V rbc, observed values can 1-c compartd ' 

10 the values derived ~rom the prediction 
cliarts and equations (Wcnnesland d Ill. 

1959; Brolvn ej f >i_I 
"True" Vw~ 1ve,a~es ahou_t 110 pe_r crnt 

of VCr .. , although tbe rclat1onslnp 1s noC 

c~~~tautl ( Oiaplin ct al. 1953; Samet rl ol. 
1957). Failure to correct for the hody hemat· 
ocrit: venous hematocrit ratio, or the as­
sumption of a ratio not applicable under the 
circumstances of the study, will lead to 
errors in estimating "true" Vwb from VCr'' 

' I( 01 \II I ii•• I• I• •It 111 I I l.'d 1 \ i ,,·,1111;111,111 \·•I I \II "·" -------· incl )lcJHatOl·rit, ;uu,111111111:,: I•• .1 ... 111111 Ji 

10 per cent in healthy sul•)'·•·1, "' r.·,l, !O I" 1 
ctfll in cases of co11i,:t"'Jlnt· hrart f.1ilu1t· 

(5aJlld ti al. 195,7; llro\\ II <'/ 11/. l'J57) ;11111 
50 per cent with rnas.,ivc 'pl1·1111nu·i.:aly 
(fudcnberg, Baldini, ~lal111m·y & Jl;inlt'-. 

shtk 1961 ). Dirkda111I ( l 'JW) has 1• 1111l1·il 

out that wli~ blood volume i, rakulak•I 
frCJJl the hematocrit an<l a n1casnre111ent of 

only cell or plasnia volnnw. 1-rrur' <1111· '" 
.,ista~en assu111ptio11s al•1ut tlw l••ly l11·n1.1l­

ocrit: venous hernalonit r:iti11 will I><: i.:n·a11·1 

•litn the heniatocrit is high 1lw1 wlu·n it '! 
low. In many clinical situalio"' ii i> dt-,ir­

ahk to make separate mca"m·111cnts ol ··di 
and ptasma volumes. 

SUMMAkY I 
We have descril~l in 1kt.11I a n11•l1fir.1 

tioo ol Sterling amLl;ray'> Cr''' 111etl11•I for 
Wood volume detcrmii1ation with whid1 we 

~•< had considerable ex1•·ri1·nrc. Thr do"· 
ol (r'I needed lor tai:i:ini: 12 1111 of the p:i· 
titi~·~ bllJOll need nut excml 5(}.-75 µC if 

• wi.tl-ty~· Sfintillation counter is u"d. Th<· 
i.gged cdl suspension is u'u;illy stored on·r-
111Cht so that the test can he done convrn-

1 illntly before breakfast. The rdb are dd­

i1<red from a. small inl"'ion apparalth 
thruugh an indwelling needle whirh is al,o 
-i for sampling. 

The over-all error of the nwasnrcmrnt of 
<rll volume, as shown hy 11·1•·:iting the 11·,t 
ifttr intervals of 3 to 31 w .... 1.,, avcrai.:•·s .I 'I 

litr rent. This compares l.11 '" al1ly with 11·­
..tts oblai1 .. ith otlwr 11111.lifirations of 
~ .. Cr" method and with l '", cn•n tho11gl1 
U.. long time interval lw111·1..-n 11·,1' in tl1i, 
Wudy allowed the IM1»ihility of wt1hi11-,11h· 
Iott d~nges of cell vol11111r 

Ilic 111.q1.i --111111 t .. 111 t·nor au· d) llu: 

d11t"1111i11.1t1u11111 1.1d111;1divi1y 0£ Mood :-.pt"ci-

11w1h ;111d ta:.:g1·d ldl "u-.pt·11sio11, a11<l b) dt:­

ll'r111i11"lio11 .~r the rc11trifuged hen1atocrit, 

p:irlirnl;1rly with u·,pn·t to the percentage 
of 1rapp•·1l pl;"ni;1 in the cell column. Failure 

to 111e;"nre acrur;1tcly lhe volume of tagged 

rdl ""t><·n>ion ddiv.-red lo the subject, a 
"er ious potl-111 i;tl :-.our re of error, proved to 

1..- rdativi·ly 1111i111p11rtant with the techni'lue 

11>1·d. Error.- 1d:itini: tu the collection and 

ha111lli11i.: of l•l•••I for hematocrit tlctcrmina· 
I iu11, ~nd in the pr<·dirtion of the "ho<ly 
lw111a1,~·iit: vt·1un1~ hn11atrocrit ratio can 

1ii:11<·ri;1lly alft:ct the ,,,timation of blood and 

pb"na vohnne,, liut not cell volume. 
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