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llLOOl>-VOl.llt\IE MEASUREMENTS IN CANCER USING 
TllE C11.'" RFl>-BLOOU-CEl.L TAC;<;ING METHOD 

W. A. lluu.v, M.u., llAkt>W l .. H&LWIG, rtt.u., ANP Kt.NNIL"IU G. Sc:o1T, l'H-D. 

DURING a •c•ic:• ui 1111nor·ho111 •luilie• in 
rJh and mi1e, we i1oaed 1ha1 the animillli 

Jcvduped anemia 1clatively won ilh&:r im· 
j1la111a1ion ul the tu11111L Thi• il••mia1io11 be-
1wccn malig11a111 111111oro :.nd :.nemia ha» been 
ub:orrvcJ prcviumly l1y a 11111nlicr of inve.1i11il· 
Ion. n titcll by l::wini; in l!HU. Lam· otudiea 
by !1.a11Jbcrg t:l a,I. IC(ltllll'J 1hc mwneni;e ol 
a .cvc1e •ewmla1 y anemia iu ncopla»tk I.Ii .. 
UM!. S11un11 and Fnuwi,. h.ave f!'ll"rled 1hat 
urains ut mile •uw:c!ltihl,e U/ tumon hi1J 
luwcr hc111011luhin level. 1tla11 humn.ceptible 
mite.• They re1K111eJ ~lw 1ha1 the hcmuglubiu 
lcvd p111KR::+ivdy det rea.etl wilh age in 1111· 
<tptihle 11+1·" In a 1cp11rt on the 1t:la1ion•hip 
ol 11111101 i;ruwth aml hc111ui;luhi11 lcvd1, T11y­
lor ;md l'ull:.1 Ir. rum hulcJ that the <k.-re;ue 
~'! hc1111111lul1i11 i> .a dire• I, 1·a1hn d1.111 ii a.cc­
ululary, elk• I ul th<: 111alig11an1 11111111.-. 

A ~~tin, ol hlu•Ml \'uhuue lllt'.&!tllrt=ntc:nts Will 

inill.alctl 011 l11111ut ·hc:..ariuH 1·ah in order to 
1lc1c1111i11c wl11·1l11·1 the 11h111·1vcd ancmiil was 
1hc 1n11h 111 ci .. •·»ivc red• ell <lc>ln11 tiun ur of 
.rn t).pa11:.iu11 ul pl.1:s111a vuhitut•, Hn au...c: ol· 
1hc 1d.11ivdy >111.111 H'd 1 ell 111,1>• ul tht' 1a1 • 
1lc1n111in:o1iu11> lll"ll 111.1dc loy lilt' 111cthud of 
'·••) ;01111 ~1c1 l111g,• .. • 1d1id1 111ilill'> C1"' a• 
• 1cll l1l1oud 1dl 1.11; 111 11u:."111t 1hc 1111ul11i11i; 
ml" II "'·"'- .\1 .1 l.1u·, 1IJtc, when C1 •1 with 
,, >11ih1irntly high •111·1;&11 illlivity lo \\'Jol"Jlll 
i1; 1i:.c ill 111.1u IJt'1,u1u· 1\,1ilo1l)lc nu111ucn iaUy 
(Al1luJll I .~aluu .11ul"it·~). 111ca!tUlt;111t:Uh 011 p•a· 
lll'.llh wi1h \.uiuus l)pt') ul 4illltt"r wt:1·.: in· 

1h11lnl in 1l1c '"'l""""''I pr11g1;1m. Tiii' 1alue 
ol ( :1r.1 0&:11 .1 ( l111i1 .11 .ud iu t!»lirn&&tiu~ the 1ed· 
1dl 111.1)-. •u1tl \\"l1ok bluutl \ohuu~ hJ!t hc:en 
1r1.Ku1a·tl by 1h t:.uliL'l.11 

hum !Ill· lt.1•hohulup1· I 11111, \'c1c1.a1b AJ1u111iaUii11· 
lluu tlu1111i1o1I th .. 1 Mak)) . .aml ala~ lkp.aumcul of 
k,uJ111luMY· l111h"l'Ull) ol C'.tihl11111ia Sd1uol •it MaHdnc, 
\clu t"1•1H h• ••. l . .ahl1u 111.1 

lhi. 'Wul .. \\,IJ •llj11•u11t.I Ill 1•.UI h) .a Kl .. 111 110111 
llll· lkuq. I Jlllol, •IHI l1nu· n h1uhJ111 t-"uuJ ol •he 
A11u:lhilll ( .11111.T "-"•cl)'. t .1hh11ui.a ll1l'ith•1t. 

W1.· •U· l111ld111.·1I In A.11. I N C.s•llr. Mr. c:hi&1lc • 
l.uuH'. ~1111 Mi._. II I Jullmuu lur •hl·i1 .. ..t•liil.IHC in 
lOt11hU.llHK lht• 11i111.1.1I 11lu1hn. 

( l 1~• hl'C oa lllt"ll 11110111111111 w.a:i. 111.&d(' W.\ilil.i.hle ht 

UI h} Ur. l"k'l'h ( •. llanuhuu, ll11n 101 ot the Caua:L.ct 
.\ l..sl ... u,uu1y, l 11iH'hllY ul C.ahlouai.1, lk1'-.:ky, C.U· 
1 lu11u.a. 

llnc11rcJ au1 )Hlhlin111un, Au1u11 HJ. Uf~!I. 

M~rnoo .. ... 
1foi11111I S1udie1. Blood-volume determiti.· 

1io111 we10.: made 011 1wenty-1wo conu~l and 
011 1weu1y-ninc 1u11101-buring Slon11ker rau. 
1 'he tuuior u..,J wa1 a mrnamiuiblc libro.a.r· 
com;a 1h;i1 hil• been JeliCribcJ.' Subcutaneou• 
i•ogrilhs wci-e made by bila1en1l inoculation 
ol • •u•pc:mion o[ tumor ccll1. lnocul~n of 
thit pi1rlirnln u1111or ha1 proJiU;ect 1 high 
pc:rcc111age ol 1ake•· The rcwhant tUIUOl• 
h;ne 11cvc1· l1ec11 obtervcd 10 rcgrcu but t&> 
grow 1·i1piJly illlJ overwhelm 1hc boat in a 
period o( lro1u 1h1e1: to foul wccu. 

The: (;1'61 u..,J in 1beoe 11uJict wu produc.ed 
in the cydouun by bo111b1uding ii vanlidium 
1arge1 wilh p11>111111 to lonn c;irricr-lrce rildio­
d1ro111iu111 a• a rc•uh o( 1he p,n reaction. In 
•0111e <:a•c•, 111i11 ogn1111 quan1i1ie1 of 1Kkliun1 
d1w1114&C unie1 were aJJeJ to ~llec1 a more 
sa1i.l;1<1ut y 1aggini; ol 1hc ret.I blood cell1. The 
up1alr.o.: ol Ci" by re<l 1·el11 Will (ouml W be 
\tou when tall ie1-lrt·c C.-41 Will ullC:tJ. It Wal 
••1•1ic• 1cd 1h;1t 1 he 111i11111e qua1ui1ie1 ol lu:mo­
i;lohin p1c•cn1 in 1111' •;1li11e iu which 1he cclla 
\\'Cl'&: >n>j>t:nlic<I >l'lf'lc,1c1e<l lhe IUlilll illllOUDI 
ui 1a11it:a-l1cc 1:1••. th1" l"a .. in11 ii unavailable 
1111 <lill11>ion iuto tho.: 1nlf1 ell.. 

An .1li<111111 ul the •··~ct! <ell• wa1 a.cl a1iJe 
a> a l" in1.11 y >lanll.ud. \ lrnown volume ol the 
1.1i;i;cd 'cll-. II. I to II.'..! 1 .-.. wa• then :tJminis· 
lctcd to 1101111:.l ;1ml 111111or-l.cari11g rilts viii 
1he eiw·111.1l 11111111.u H·in, whid1 was t:xpo•t:J 
hy a '"'·'II in• i>iun in the s._in l)ing directly 
o\'er the da\'i1 le. A miKillf! lime of thiny 
111i11u1c, wa• .allowed aud a •ami!le of cudiac 
hlrn1tl, I to ·I tr., was withdrawn. t:ach sample 
Wil• '1111111c:d 011 a· .,·i111illatio11 counter, using 
ii thi1lliu111-;u1ivatcd "'"lium iodiJe crynal in 
11111jnn<1i1111 with ii !illl!I R.C.A. photomuhi­
pliei- tul1t·. The dh<ieuty of the ll(:iutilla\ 111 
1•111111c1· w.1• >II• h 1ha1 11 to 14 per ccm ol the 
i;.1111111a 1 :iyo ~1ni1ted by tht: CrH were regis-
1<-1 etl as 111u11h. The samples wc.-e coumeJ 
fu1 a •111111 iem pni•KI ol 1ime 10 reduce 1my 
variation owin11 to •\ilti>tkal llu1:1ua1ion 111 
:t ?11ier tt·nl. 

The bl1M1tl \olumc wa• calt11li<tcJ by 'f.1111· 
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pui.inK the dilution ol the Cf61.taggcd cel11 in 
eilch aamplc of cardiac blood. Determiniltion 
of the red-cell ma" and approxhnate plaama 
volume waa made from hcma1ocri11 of the 
aamplea. 

Additional 1tudica were: undena·k.c:n to de­
icrmine the late of C~t at one: and 1ixteen 
day1 alter the intramU1Cular injection ol 
carrier-lrc:c ~· (fable I) and at eighteen day• 
alter the lntuperitoncal adruini1uatio11 ol 
l lllK· ol labeled aodium chromate: (fable 2). 
The data obtained &bowed that ~1 waa not 
localized io any appreciable extc:n& in any of 
. the tiuuca uamined but waa 1lowly and am­
tinuoualy e:xcretcd in &he urine and to aome 
extent in the fecca. Tbac rcaulu indicated 
that the adminillration of tracer doea of ~1 
would not be baurdoua to patienu, aince &he 
amall amount of radiation received would not 
be localiacd in any tilluo but would be &hared 
by the whole body. 1 · 

Hunu111 Stu4i•1. The red.cell mau. plwna 
volume, and whole-blood volume: wen de-
1ennined in eigbty-1CYen 11ormi1l 1ubjecu g>ro­
viding c:ighty·acven tau) and 17& hoapitalued 
~tic:ntt with vuiou1 typct of cancer (provid· 
ing 215 &au). The prac:nce of a cancer waa 
confinned by one or more of the following: 
unequivocal clinical and laboratory (including 
rocmgenograpbic) findinga, 1urgical exploo· 
lion, biopay. and autopsy. J•or purpoec:a o( 
evaluation, the: case1 were divided by the aame 
ai1eria into cancc:n wilh ex1c:n1ive 1prc:ad 
(196 caaea) and nonmeta1t<1lic ci<ncen (twenty· 

THLll I 
DEPOSITION Of CARRIER-FREE No,C,-.O, IN 
THE RAT ONE ANO SIXTEEN DAYS AFTER 

INTRAMUSCUlhR INJECTION 
Vah'"' Are fapreMed 11 Per Cent ol the Ab-bed 

Dole Recovered in Wet-Wei&ht Tiuun 

One dn• SlU ... dar1• 

TlHut ~ ......... f., per••· 3 lp Ufl~ pe~ -~ 
Unrt 0 JO Q,JJ 

gr, I 0.116 

····· : :: :::: l 1 
0. 11 

;ce.:. 
f:fi I 

O.JO 
S.H 0 fa 0 06 

llcd..U. o. 10 0.09 0.ot 
Uvrt I.JI O.H 0.21 
)(ldner 

;~:: ~1 · .... 
Artrenall D.06 -Thyroid '·°' -
..... p ...... 0.JO 
Pancr_. 0. 17 O.OI 
Brain 0.06 0.06 
6tomacb 0.2 •.• 0.06 0.06 
&maU '°"""" 0... 0.1 0.JJ 0.06 
Nll•lctoai 10.1· 0.61 l.U o.ss 
Mu ode 7.J6 0.06 

' 
t.JJ 0.0< 

Ski• 6,01 Ut I J. II 0.0I 
Goaodo O.H 0.JO o.u 
UrlAe 16.1 '"' ...... .... - u.7 
u .. bf.arbtd •• 

lalectloaollo &7.1 U.t ....... - .. lllf·-

,,, ,., ·.;1 

TAbLll l 
UEl'OSITION OF I MG. OF N.1,CrO, TAGGED 
WITH Cr" IN RATS EIGHTEEN DAYS AFTER 

INTRAPERITONEAl AUMINISTRATION 
Value• Are lhe AvcrJKCI ol Three Hau. Total R<eov· 
ery 90.J Per Cent of Admini•tercd Oo.e. Dau Aft 
Expr-d ao Per Cent of the Doee per OrK•n &lid 

Gram Wcl WciKhl 

Tiuue -:-'.:----:~~~~~~~~~·~inor_~_•_n~~-'-.:___:_---% per~ia. 
Adren;,I• 0 007 
Booe Uemur, tib& .. , ftbul.a) 
llCMrl 
Kidueya 
W.troio1t1tioal tract 
liver 
Lu1111 
Muoclc 
Skin 
Spleen 
Blood 
Balaoca 

Time, br. ---
Fintl4 
J4 .... !I 
, .. ll6 
21~J 

TOTAL 

O. IO 
1.0t' 
2. 26 
2.51 
0.11 

1.45 
I. 25 
3. It 
1. 51 

3, urine 
-

20 0 
7. s 

10.6 
l.6 -

42.J 

0 •• 
000 
o.n 
~00 
o.m 
O.~ 
o.ru 
o.ru 
1.00 
O.H 
o.~ 

3,lccea -
Ill.I 
9 7 
7 .K 
2.l 
--
29.V 

one caaa). They were further •ubdivided ii£· 

cording IO 1he location of &he 1umor aa lol· 
Iowa: {orty·three pulmon;ary caninomas, nine· 
teen carcinoma• of 1he colon, lilteen Ca$CI ol 
leukemia, and thinccn Cil>C• of Hodgl~1·~ 
diaeaac. . ' 

To our knowledge 1he paticms did 1101 h;ivc 
01her conditiolll tha1 111igh1 dpaud blood 
volume, bu1 many of them ba4 ~nc:iufa, w,igbt 
Ima, <1nd/or dc:hydratiun owi1\g to the camtr 
1hal might havc decreased hlood voluinc. A 
number ol pa1iep1s had. laji;t' malignai.t tu· 
mor• with widbprea.l 1111:1as1a.cs. 

1pggmg o/ l~ecl Cd/>. I lu1ua11 1ed <dis were 
lai;ged Lot~ uje Ito.I >imilJr 111 1hJt used in lhC 
le1u on fa~>.~ epat i11iL1:d hlood (II to 10 (C.) 

W'!S 1eeded with lt.ttowu a111111111h ul .odium 
d1\0111a1e.and >hall.en ••II" 111c1 l1.111i1 .11 Jgit•tor 
lor al leau forty-live 111i11u1co. 'I he pl.,.111a ,.,, 
wi1hdraw11 anJ lhc u:ll 111:i» w.1'he<I 1wi1c 
with 1101111al uline tu 1·en1ovc the llJl'llCJ 
pliisma. The: volume was ""' ouolrn• teJ witlt 
normal aalinc; a >m•ll ali111101 W'1> taken to 
determine the nu111hc:r of er•' <'00111> tu be 
injected i11td &he rc:111ai11dcr i;iveu to the ~­
tiem intravenoulily. Earlier studies had shown 
that one hour allowed adeqoa1e time for com· 
plele mixing of the tagged cells. At the end 
of thia period another heparinized sanaplc ol 
blood (!i lo 10 cc.) was withdrawn. A meuurcd 
volume of the aample wa1 a11ayed (or iu Cr"· 

I 

l•KSC:d red <dis with a ~Limillation cryotal 
coumer. The lllood volume was computed aa 
lollow1: 

101al rountalaec. lllJct-lrJ _ u. appaicnt 
11>11nta/11<CJcc., 1111~r i;1;;;;J-.a1opie - blood •olumc. 

Hcmiltocriu were made: in order to calculate 
1he rela1ive pl ... ma volume• and the rcd·cc:ll 
man from the whole-hlood volume. 

All dala arc exp1e0>cd as the mean lor any 
w:rir• of ohoc1 v.illull• :t: the •ta.111lo&rd c11or. 
The mean :t: the: 11aud.ud c:nor Will cakulated 

by ~. The •ii;nihunu: of ;my dilfer· 
encc between two Kl·oup> was calcuht.ted by 
£anding 1be variilncc (v) l.M:1wec:11 groupa; 

•"' J:dcv.• (lor_~~!'_l~d~v •(for 1roup 2). 
(111) + (n, -2) 

The: 11anilud et rvr ot diltcrc:ncc == ~­
Tbc walue for l0iJ1er'1 t -= ·~~ l. m<'•!!) 

I s. E. 1>. ' 
The prob1<bili1 y: ~f any dilktence between 
lfl>U(ll Wilt obtti11c:d by uoing a 11andard 
1<Abl~ for t. · 

RutJLTs 

A11i111~I Sluclfos. The: average body weight, 
blood volume, and pa< ~c:1hcll volume of lhc: 
tumor·bening l'ilt> a111l their control1 are 
prcmuc:d in T.d1lc ~- The averaKe whole· 
~looJ volume ol the: twenty·nine tumor-bear· 
in11 ra11 o&vnai;c•l 7.1 :t: 11.:.!5 (>er u·m of the 

I bucly weii;ht. Thi• w.1s aii;uihcamly gre.llcr 
than thill ol the: w1111ul>, whid1 aver;ai;ed 5.57 
:t 0.18 per cc:111 ol the hody wei11ht. The: in· 
crea.ed bluod volume u{ the tumor-hearing 
rats resulted primuil) lrum au cxpanoton of 
tht plasma volume (I' ~ IUtl). The: red·<cll 
01~>1 Will i1111ca>ed >lii;luly. 

Hunum St111l1t:s. In the 111•1111i1y ol patic:nts 
wuh <auur, the wl111k·lilornl volu111c was no& 
1is11ili<a111ly d1lle11·111 hu111 1101mal (Tabk 4), 
67.ti~ :t: II.II:! v>. Ii~.!> :!. 11.711 u. per Ki;. (I' "" 
0.1). No sii;11il11.111 i1111""'" w • ., 11med in the 
g10up with ex1<·11>ive 111cli1>t,1>c•; in the pa· 
lic.:llh with 1uu11nl·1.ot.a1i, 1 tuun, huwe\'cr, the 
1"huk·blood v11l11111co \\TIC >ijl11ilu:a111ly lower 
lh~n no1111al (I' ...:c 0.111). All <a>c. ot <an<et, 
indudini; tlto>t: <atci;<H i1ed 4> beini; c1<1emivc, 
ihuwed ii >ig11il11 a111 red1111ion ol t·c:•l·Lcll Illa>•, 
ii well ;u an expJnoiun ul plill1111a volume: 
(P;; <0.01). The pl~•111a voluuu:a in the group 
With nonmc1;1>ta1ic can<en wc:re 1101 1ignifi· 
candy increased (P = o.~). 

Analy1i1 of the data iu 1he groups da11ified 
according to the type or location of the: pre:· 
dominant tumor 1howei1 normal blood vol-

ume1 in 1hc patients with pulmonary cancer 
and Hodg~in'• di.c:a•c, wherca1 1ig11ilicantly 
greuer than normal blood volumca were 
found in 1he pa1icnu with leukemia, card· 
norua of the 11omach and eaophagua, and 
carcinoma of the colon (P = 0.02, <0.01, an4 
.c:0.01 mpc<:lively). 

In all of lhe Vilriou1 i:ateKorica of cancer 
ahown in T01ble 4, the red-cell m<1ua were 
lower 1ha11 normal and the plaoma volumet 
1ru1er 1ha11 normal to a •iKnilkilnl degree, 
c:uep1 in the group with cardnoma of the 
colon. In thcae pa1ie11u, du: red<.ell 111A41 waa 
qacn~ially. normal . 

Hema1ocriu in all palientt with cancer, in­
cluding &ho.c: patientt with lc:ulemia and 
ffodglin'a diacaac, were lower Uwi normal._......... 

I ~ 
' ,, 

DISCIJSllON 

Rc:aultt of 1he prcaent uudy &bowed that, 
whereu the whole-blood volume waa not CL• 

panded in &he p~esencc: of a malignant tumor 
in man, the plasma volume waa 1ignificamly 
innc:aacd. Conversely, i;reater ~hiln normal 
volume• were found in 1umor-bearing ratt. 
The average red-cell mau of all cancer patien11 
was 1ig11ifica11dy lower than that of normill 
1ubject1, 2!i.88 cc. per KK- and 29.6 cc. per Kg. 
re1pec1ively. A iimilar decrease: wa1 not ob­
acrved in the cxperin1c111al ra11; however, the 
rapid gwwth of 1he tranamissible 1umor uaed 
for impla111a1io11 may h01ve OCCUITed in lOO 
ahon a period lo intc1 lere appreciably with 
hematopoieoi• or have much iitlluence on &he 
ClListini; red ~dis in 1he bloc.J lnream. 

A comparioon •1J 1he bl0<.d volumet of all 
of the <a11<cr patients with 11,c con1rol11howed 
that 1he n:duLlion in rc:d·rcll ma11 Will bal· 
anud by an cxpamion of the pla1ma volume 
and resulted m wholc·bl0t.d volumca that 
were: il!l('roximatcly norm;il. Thcac rcaulu 

TAbLK l 

COMl'Al<ISON OF TllE 111.00D VOLUMES OF 
CONTl<Ol AND TllMOR-llEl\RING kATS US. 
ING THE Cr., REU-U::LL·TAGGING METHOD• 

Rah 
lllou<I vol., 
3 body wl. Hematocril 

Av. body 
wt., I'll· 

Tumur-burins 
(29) 7.l •0.25 35.9• 0.11 Z07,0 
ftonce S 4-11.S JJ.0-46. · 

Con1n>I 
(12) 5 t•O 18 •8. I• 0.117 l16.0 
Ranae t. I -1. 7 43.0-SS. 

"Sia ol tumor• ran1ed fr- I to JS 1111. 
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BREAST COMPARl!ON OF DATA ON THE BLOOD VOLUME OF NORMAL SUllJECTS 

AND PATIENTS W11H CANCER, USING C,.. AS A RED-BLOOD-C1':LL TAG 
ValllCI Pr-11tcd Are Meau • Standard ErrD< 

Dia1noetic caiqorica 
No. of 
1C1t1 Hematocrit 

Red-cell 
mau 

l 1la1m.t. 
volume 

Whulc-~luud 
'lolume 

N0<mala 
u 0.10•0.ll :19.6•0.26 JS.9•0 41 llS.S•0.70 

A Repurt of Elt:11~11 Cases 
i 

WARNER f. llowt:its, c:01.0Nt.1., t.t.c., T11Eooo1t11. H. tl•CHOLA~, MAJUll, M.c.,• Al\IQ JPttN /• 

It-· 
... l f 

\. 

11 

(17 paticoll) 
AU Co""'" 

(175 patienta) 
Total number-. 

P value• 
~•teoaive 

P value 
f-1onrneta1Lalic 

Pvalue 
S1>ttial Gr•Ni'• 
Carci110111aoflt,lllf 

P value 
tfod&ldn'o d'-­

p value 
Leukemia 

Pvalue 

llJ 

1116 

JI 

u 
u 
IS 

CarcinOllla ol ~ n4 ....... Ill U 
Pvalue · 1 

Cuclnuma ol CICllaa I It 
P value 

.Jl.15•0.U 

.Jl.06•0.'9 

.O.U•l.11 

Jll.Ol•O.IS 

Jl. 19•3. 21 

Jl.l•l.:19 

'°· 77•1.17 
U.OS•l.56 

lS ¥8•0 t7 
<0 01 

l5 .17 •0. so 
<0.01 

JS.811•1 u 
<0.01 

J! 93•0 Ill 
<0.01 

14. 56• I. 65 
<0.01 

U.73•2 38 
<0.01 

34.17•1.75 
0 01 

31.16•1.62 
O.JO 

U.6•0 70 
<0.01 

u·2-o 119 
<0.UI 

l7.l•I JJ 
0.30 

u. 1•1.2s 
<0.01 

4t I• I 97 
<0.01 

SO.t •5. I 
<0.01 

46.6•2 19 
<0.01 

41.1•1 76 
<0.01 

117. II •O. 82 
<O 01 

1111 0•11.96 
0. Ill 

IJJ.U• I ~I 
0.01 

117 .O•I HJ 
0.90 

68.7•3 12 
0 211 

H U•7 I 
0.02 

1l s~J.t1 
<O 01 

b'> 44 ... 2.n 
<O 01 

•p valu. rciw-iiia MaliMkal ~..,;- witli c:mnepoadiac -mel value. 

confirm thoec: reported earlier by Kelly et al.. Slonak.er 1;m beating • 11am111i»ible hhiu· 
who u.ed Tl82f-tagged pla1ma an4 1m. 1arL0111a wa1 luund lo Ltc i;te.1t<=t 1ha11 nutm•I. 
~beled albumin in aimilar at11dica. Thia wa1 1he rc1uh uf an 111<rea>e in pla>111; 

volume; the red·u:ll ma.- wa> . i.iuca>C•I · 

KOVAlllC, CAl'f~llj, M.CJ. '.' ' • 

THtc l'llt.>tNI' dinil'ill i1ivt"1illa1ion al Urook.e 
Anny Ho>pitill was <11ii;111ally •ti111ul;i1ed 

by 1be work. on bila1r1al a•ln:nalcllomy in 
••lva11<rJ cud110111a ot the hrea>l perlonned 
liy Huggin• in Chit Jgo Jilli ill l\lc111orii1l Cen­
ter lor Cancer a11J Allied Ui>cillOC> 1i11 New, 
Yuri. City. l'reviou> elturt> to palliuF 1hit 
<Ii.caw: hiiVC li:tl 10 th' 1erni;11i1iu11 o( the ill· 
llucntc ol horn1011c:1 011 1ht: i;row'h ol mam· 
111ary cam er, illld the tillf' I ol ca•11·;i1io11 anJ 
ad111i11istration ol t:>ll~•~<'ll> aml dnd1 ugcn1 
h•• prcvi1~u>ly bt:eu 101111.t 10 be hcndu ial. 
The •i111ilad1y ol .. t1rc11JI hu1111one> 10 thu.c: 
ul the i;o11J~ 1 ha> lec,I invntitlJIOh 10 l""lll-
1.tc thJI lhcy h1ii;h1 ahu i11lh1<·11< c thc>C par­
ti<ulJr ncopla>lll>. It wa• bdincd 1ha11e111uval 

whom had ildnnted rnilmmary canur, whb 
cll11ii:lll 1md li1bor111ory ey~ of dil&ao~ 
111e1114&1aa. · 

M&l'HOLI 

i The ildrenal gland1 were remoYed In all ~ 
pauc1H• lhfougb the po11eroliUCral approacll, 
tllrOl-llJh IM bed of 1he &welhb rib CIQ either 
aide, both 1liindt being reo1oved at tho ume 
operative procedure. In all inaunccs, there 
had been p1eviou1 1urgical or roentgen.ray 
U•trillion. The pre•elll replacement wrapy 
lur 1he ildrernd glomds i1 u follow1: one day \ 
p1 cope1 ativc:ly, 50 mg. rnrtiaune in1ra111uacu- · 
larly every four houn; opcriltlYe day, 110 n1g, 

SUMWUY 

To determine whc1hcr anemia ob.ervcd in 
cancer rcaulu from ci.;cc11ive red-blood-cell 
dcstruc1ion or from iln npiln~ion of plasma 
volume, 1hc whole-blood volume and hcmatu­
crit were 111ea1ured in tumor-bearing rat1 and 
in paticnu wi1h variou1 typea of cancer. 

•lightly. ' 
Similar Jc1cr111i11atiom in 175 p.11ic111> wi1h 

varioua type• ul 'au<cr au•I. eighty ><:vcn not· 
mal control 1ubjell~ >howe1I nu •i11nilu a111 
e1tpamion ol whole·hlood vul11n1t; itl ~anccr, 
but did de11101111ratc a >ii;nilu anj :ci.1Ja1l,iui1 J I 
o( pli11ma vol11111e anti a dcl rca>J iu 't~.\1·~·11 
man, especially when the ""'""' ·w.s wide· 

. 1'1 thc.e' horn1011e> with n-.1111;1111 Jltcration 

( 

. ul:thc phpiololli"tl n1virn11111e111 ol 1hc 111111or 
I 111li;ftt la\1>e dinital rc111i»iu11. The la<k. of 

: .' ;u!d11(~1d repl.11 c111e11t 1hc1"l'Y lor the lile­
;i1ppuni11i; ;uhenal i;la1111>, however, ptc:vc111cd 

wt 1i11tme i111ra111u1rnla1 ly every four houn 
and 100 mg. oriilly at ti:OO A.w.; lint potlopcr· 
ativc day, !iO mg . .:oni.one i111ra1ouacuhirly 
every 1i1t houh; aewnd illltl third Po1topera1ive 
dJy1, ~oniwnc 50 mr. i111ra111u.c.:ularly every 
1wdve hour>; lm111h, hhh, anti •i11>1h po11-
opc:1 ativ.e day>. :!fl mg. rnrli>one orally every 
cii;hl hunr.; •Cve111h po•tuperative day. and 
there~fter, :!5 11111. wniwnc: orally t'V<fY twelve 
huur>. The: 111ai111c:11a11c.:e dose ol 01aH:.,.-1ii0ne 

The whole-blood volume of' twenty-nine •preild. r · ~ · 1 
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the U>c ol hil;i1c1JI ad1c11Jk1 tumy 11111il 1he 
1kvdup111c111 ol •uni"'"'" 111 .1liu11t 1!151 llug· 
~111> hf>t c111plc.yc•I liilJ1c1JI J1hn1alc• t11111y in 
l.thu.lv.at1Ll:'d '.ut iuo1ua ul the Li1c11~1 an1I 
111u)L.1lt', a:t. tlill a haoup in ~lt"uu11ial Ct"11tcr. 

Puur lo du:! liq..;uuuuh uf ou1 iU\'cStigJliun, 
c.u Ii i;wup hatl "'I"" 1ed ;i >111all >Cl'it'.> u[ 
'"'~) iudj, ~lliu~ th.at UIU)L p.ukut!a at hicve<l 
>11h1cc.:tive hc11d11> 101 wed" lo 111011th~. while 
al••nl 50 per •cnl ul pali•·n1> ;il>u tlcn1on· 
:i>ll1Uc:J ol11cnive lmpu1H:nu:nl, <a) 111.1uilcsted 
li)· ~hriuka,.;1: t1[ tuiuur uaih~t·~. Ut'h' l.ouc l'ur-
111.11iu11 in •»leolyti• l<»i••ll>. dt:• 1c:a.e in pleural 
dhhion, and gaim in w•·illl11 a11d >llc1111th. 
'I he 1.1111c iuvt:>ligatof> aho II ic1I the 01>e:ia· 

111i11 in other Cilll<Ch lmt louml 110 evillc11<e 
ul 1.enelit. 

The dini<al rxpcl'ir11<c al ttrou~e Army 
llu.pital Imm Janna1y I, 1!15~, through July 
I, 1!155, i> limiu:d to dc:vcn patie1111, all of 

.-,um 1hc l>rparluu-111 of SutMt_·1y. brnukc Army Hot· 
J-Uill, t'ur1 ~ .. "' Huu.11111, Te~u. 

i> 50 mg. a day in two dividc:J do>CI. ' 
In 1he early pan of our inve••i11a1ion, it 

w••~ our nu~lu1u to at.huiuisler iuuan1uscular 
•lcoxy.:onicm1cro11e ill et~te (IJ<K:A) prior lo 
a11•l on the day ul •lll'gery, iilung with »Odium 
d1loride; however. tht:>e prnccdmrs have: been 
luund to be 111111c:•c:»a1y and have c.:ontribuu:d 
tu the acrn11111la1ion ol e1tc.:e,..ive body Huid 
1t1•nifc•1ctl by a>< ill:• and peripheral edema. 
We 11ill ;11Jvou1e the Ulit: of oou ilnd intr11-
vc:11ou1 wdium dtloritlc in the 01ieri11ive or 
p< .. topcrativc c.:ounc in p;11ic:1111 having tlifli· 
cuhy with 1n~intcnan<c of blood prct1ure; 
however, in properly prepared pa1ien11, we 
have had Qo •lilfll uhy to date in 1uppor1ing 
the blood pre»urc:. Otlu:r drug1 that have 
been recommended are nor-epinephrine, ad· 
rcn0<onical e111ract, anJ intr1vcnou1 hydro. 

•111t"1CUI _.ddu:u, ll. !fi. A1111y Uu~pi1.1I. 
(,l'flUilUy. 

kct.tlvcd fur puMu•lion, July ~!t, 19!>~. 

B•• lin, , uni1onc. All . eleven 1•atien11 in thi1 aerie• 
1olcn11ed the adrenal 1urgcry well 1111d their 
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