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Staultanoouc; Dct-.rnnati5o: of 1?1as--.a =2r2~d 2Toal Jrjt!u-Locytc
Qu~antity wilth Cr~l ancd Il25_.Albir.zn, L-dc a Con'.-ribution About thc
Rs-lationzh.od, boturcca i- wa d 3ody H.toitDuz'in, honiato-

lo.;ic Diccsaos-

(The followir-.g i3 tho trezx;ITht-ior. of an ar1.-iclc by H. 4iub.2r,
Keller and G. -`icc:7bona, lzoe7ope Laboratory of tho >`dical. kdinic
of the University of Linbruc%, that appeared in the_ Gorawn
languag;c poriodical -3lut t.Dlood), Vol. 13, no. 1, l966,pa~es 1-9.
Translation perfor=TEdy Constance L. Lust.)

Blood volunie mcasurxnents, arc routine, in mnay isotope labs. Uoually
the total erythrocytes or plasma volu.no are, detc~r=i.ncd, and by using
"corrected" hematocrit values the blood Volume is deterjiined Ill, 2). A
series of illncsses i-.raj reported during idhich th use of the "correctinZ-
factor" lead to wrong result.-, so that a simultaneous measurement of the
two blood volurae parts would be advantageous Ul, 3-6).

Total erythroc,-te- ras 2 3. deteriined mostl.y, by using Cr~l-llaballing
of erythrocytes; --l"Th-u~in-I is used for plasmma volume * Be cause of the-
si~milar energy Gsoectra si~multaneous determinations of these two isotopes
aay lead to difficultios. t is 'nossiblc to do this if the short-lived
J132 is ue int Ido 112§tkIl3ý i 2.3 hrc). For this reason this
is expensive and not g'cnorally uscfuJ fo rotntpk lsavlm
was measured with Cr5ýC13 ; total cryjturocytcs Ula 2 Cr'1 0j4 ,4); this requires
a thorough soparation of urythrocytes and plasna in order to micasure
radioactivity. WXtunrmning life of the e.-ithrocili is fraught with errors
as is a plasma vQlune det,'rmi:natio:n Iith albumiin'. If eryjthxo cytes are
.,abclJled mith p3 2, thjan onze eýn do .,1231 albtumin for iPV, but beta rays
* -.ra moro difficui.t to ;measure. This icotopo is also clutcd~rapidly tl).
vn can use Fe-ý5 labelling; and g PV by e:ztra'-olati-on; Cr'" may be used
...ir~ltan.eous2.y. Flczsma cecarance of o!9is rapid, "--ponontiaJ. (7), co
v:a:t grap~aic cxctra-oolation may Liad to 'di fficultics. LabellinG erythrocytes
-.Jth dyes is use-d frcqz~antly to g,,tu ?"V, but this nethod has disadvantagecs (1).

Ue eacountý;i~d trouble in the1 technique, ofL the siinflta-neous dcteriiiination.
_a~ pr-.sont zmot'.od, howevwr, gave us Good result3, it is sixipla and needs

min:Urn of equi~p:-nt. It is used to e.-L.,hasizo the relation between pcri-i
...,ral and body hematocrit. A1 group of patients with anemias wore used a-
-long with controls. One- patient had an enlarged splecn and was sploenecto-
-.ized, one had polythemi~a.

]er.thods

Circulating Lrythrocytc3
About 20 nl. venous blood was collecteýd and =*ix~d irith o.5 mi.
~ai 2'00E), and ccntrifu:;ed at 230W rpm for nntf h ue-

".at plasma, was discarde~d and 30-100 microcurics of Cxr' Ikas Na2Cr 04)



uz~ ddodi..~oc *. *z. i i:±a a.cet, 1.,ý2-1*5L ro/ailero,

1C~ with nor;.iA l :.... -')l2.ed c,:,txc ' -.;c s:r. uaondod in 2'

vc no = ly in 4Vo a ~ . .ol t.,a oa~.~ r,-%Wrocytas were uccod
:,.o Ctandar'dt anrI .M i .Cam. 12~rraijuir -,.ith saoitnn. Tecn
:'-dnutoo af'v~r in .u . . . cimrtns wzara c~a urall~y It, and coi.-
loctcc3 in a ~ ~ ., .iu.taocrit :NAS don10 withi tho zr~.Lro-

ofC this hanoiyza;. l ho re.oý I.s centriCugod, 'ad t~1.
served in the '-- & i. . onaaii can.A1o c~iai-erp liquid
scintillator w*ao . r.- :.oactiAiiy; 5000 i-npulsou kcounts) I-Tim
counted., so tha;'W %X.~....:,or wa 3. i o uzoua2 forzmxlao waer

us j 1 calcu o't- -:';.1 cytos %2j U). N!o corr.;ction was roquir-d
inI -)countin-¾....

Plasma volizic: 2
For PV doto.L' ....*.>2~ L a Ueusd% ~,abweicOUCht

spoc. act. 0.01:0.0 :./;ioMntod raJbunin). iZho atock solution was
diluted *Ath sal'Jr... .;a .;.. 1,;ml vol=. a had 10 r.icro curios and this
w~as injoctod. 2.Z1e n.o.l)owad tho rmarkad rcd-co]las, the volume cyringe
was waiahcd bofzc! I * -ood mtg.ips woro talcon .(hoparLmd.:od) in

l0-l~~~~ miu6~~~hu.0 .h Ic f or, dotcriiination woro
takeon from whoh loz; .hoct volurx and homatocrit in quatrdplicato.

ig rini1nv b l ý at .3000 rpn. for 10 Wainu and used
for (2'ra a n' M~~..~ ile 1125 albundn standard was I nml. of'
that injectod; t _o d .lutc4 to 100 nml. wirth a 0Xl.' protein oolubion.

f ~~Tho activity not coxrte: was plottrad as a semiL-ole plot againat
time.'A im0 vu%; by Z1ittin" the live to the beat points on
tho grapv)h. i-V -. .2 .iwththe ucual for.r4ýao (2, U). Since we
did not use 0k:. j..-. .. .~oT0'ion for Ce'~ counts was nocossary.

in ovjrj cý . *~ -. ripkhoral hor-tatoorit I:=r done and therro-
suits corroapo;adao c. -hz jacio and Louris 1,2). The mioroho:itocwrit
method was porifor. *'i; l ood ;a contrifu,-od at 12,9000 g for 5 minutes.
Uo did apply thi o.'ýo i, -. ý,W for plat= errorj, ainco this wI vr
s~anafl. in this c-= ()

Calculation of o;... ~tc and "co:'roction-f~ator". Thofol-
lowing formuaae- wi~r.

1-1- total -rzx=
PV - plao=.a Vol.".::;
f *corre;cvio.ie :ýxt-or
IGMI body honatocri-ýW (in.,'
pHIC *periphlac A... %-'n
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Persons used in the investi-ation:
A total of 35 persons were used in groups as follows:

a) Control group: 10 people who had no homatologeical illnesses,
or arv other illness leading to blood volume alteration (10). Five
had br'nchus carcinomas; three had degenerative cardial illness without
any signs of decomponsation; two had chronic tonsilitis.

b) Patients with anemias trithout spleonomegaly. Ten patients with
variously cauced anemias were used. T'hy had no enlarged spleens. Iron-
deficiency anemias without acute, heavy blood losses %.5 cases), patients
with acute •relogenous leukemia U3 cases) and 1 patient had lyrphosarcoma
with aplastic anemia and congenital spherocytosis.

c) Patients with splepnomagaly as sell as some who had sploens re-
moved: 10 patients with spleenomegaly, as well as some with chronic lynho-
adenosis W4 cases), 2 with ostevnoaloscherosis, 1 with cirrhosis of the
liver and tumor of the spleen.

Three patients wore studied after remo al of spleons., necessitated by
osterayaloscherosis (weight of spleen 1520-3200g); 3 had idopathic thromo-
penic purpura (wt. spleen 220 g). One had an operation 6 weeks previously,
the others 1.5 years and 16 years respectively.

d) Patients with polyozyma: Two had polyzyma. were without enlarged
spleen (peripheral homatocrit 65 + 6.% respectively); one also had osteo-
mValoscherosis, and been spleenoctomized 2 years earlier (hematocrit
40%). This patient was also used in group c.

Results

1) Acergy Spectra of Cr51 and 1125 and the simultaneous measurement
of these isotopes.

The differences ij2 •he encr.,7 spectrum of 1125 and Cr 5 1 are illustrated
in Figure 1. In the I channel there was a part of the low-energ(,.
secondary Cl rays. No correction factcr e were necessary, since -

al~pmdn in plasmaa was determined after the erythrocytes had been removed.
Crý was measured in whole blood, whereby the 1125 activity in the Cr5 1

channel was less than 0.1o. The effecieocy of counting was 2A of the input
under these experimental conditions; Il 2 5 was 30;ý of input.

2) The relationship between peripheral and body hematocrit is demon-
strated in Figure 2. A close dependence was observed between the two para-
meters in the control subjects, patients with anemia without enlarged
spleens and those with polyeema (r - 0.991). For those ill with spleonogalies
of various origin in 8 of 10 cases the body hematocrit was significantly
elevated, if the results are compared to the rest of the groups kfigure 2).

3) Correction factors for determining body hematocrit from the peri-
pheral hematocrit values. The correction factors became apparent form
Figure 3N In the control group, patients with anemias without enlarged
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s .l,•ns, etc., co:,:arable results were fouud. For two patients with te
S:vurZS• ancmia in rc:>-2ct to acute le-ukosis (peripheral hcmta~ocrit lY
-nd 13.5,) f dropr-cd to 0.740 and 0.745 respectively. This result was
not included ia our z'atistical calculations, but .-u!t be if larger groups
of pati-nts ara involved. (1ho patients were undcr treatment of daily
G25,s of corLico.:tcroid of 200 xtg methylprednisolone at the time of this

:, 10 patients th:-: had spleenoncgalies had W values signific-n~ly
highor t p < 0.001). "'hc highest value was observed -ith the paticnt ;rith
the biggest spleen tiru•or, (25 cm below ribs) (f - 1.120). Four patients
with spleen tumors (15 cm below ribs) had f value about 1; the rc:.aining
6 patients with slightly enlar-;ed spleens the f value was mostly below lo

Threc patients wcre studied after spleens were rcemved. One 6 weeka
previously; he had ostcoryeloscherosis and the f value was 0.824 and was
below the control group kfig. 3). For the other two patients -one with
idopathic thromopenic punpura, one with polyczera vera- were operated on
1.5 years and 16 years previously respectively. 9 was in the normal
range kO.8B and 0.90).

Discussion

The isotopic method described allows one to do a simultaneous doter-
mination of crythrocyte mass and PV in a convenient way. Prerequisits for
using this method are adcquatelý large differcnces in the energy spectra
of the isotopes to be used. Cr- 1 which is used to label erytL'ocytes do-
composes by electron capture; the low encr - ma rays of Cr• lie in the
region of 325 Kov. The photon maximwu for 1i15 is at 35 Key (Fig. 1).
This large difference in the energr of the emitted gamma rays allow for
good separation of the two isotopes. ikasurenent of these simultaneously
requires only simple equipment, needing only a discrimminator. It is
easy to measure the "life-time" of erytlurocytes, and the surface- eas at
the place of hemoly&s s is donc wilthout dif2iculty, because the i activity
is pinimal in the Cr 1 chaincl kbelow 0.1,). In contrast to the often used
1= L-albumin this iodine isotope also has the• advantael• wetter counting
efficiency and less isotor)c effect kli). The dose of . is usually less
and therefore the labelled protein is in less danger of being denatured
(12). Further it has a relatively long half life of 60 days.

By determining crythrocyto z-ass and PV sirul'taneously it is possible
to determine blood volutme ; rectly, also the body hematocrit may be determincd
which may be of intcrest in reference to peripheral hematocrit (1, 3-6, 13).
The vessel volume, wherein the plasma circulates, is usually larger than
that of the red cells Ui, 14). The relationship of red cells to plasma
in the ciraulating total voluac (body hematocrit) compared to the peripheral
homatocrit is usually lower than 1 (i, 4, 6, 13 etc.,) shis report shows the
constancy of this relationship (correction factor) in normal persons and
substantiates the results of a series of authors who all used different
methods for deter-tining red-cell mass and PV. Tne correction factor, f,
in normals was 0.899 with a standard deviation of 0.023 Mig. 3) and is

14-



cot•--•able Lo tli,' values of (13) 0.910 ! 0.026; (4) 0.396 ! 0.039 t6)
,.2- 0.022. "f" was simnilar to nox-aals for patients with anemias, ctc,

;ovi.d no cnI,.r=:'ed spleen was present. This also agrees irith otior
auho•s (1, 13). A scries of hypothesas were proposed about this constant
- -ationship, even when narked hcratocrit alterations were reported (1, 6,

I:).

"Irice rod blood cell concentration is greatcr in spleen blood than in
L'_•o~h1,vu• (3, 4, 12, 15), a large increase in the size of spleen

co.uld Icad to incrcased values of f. 'lihe results in the literature are in
opposition to this concýzpt. i7bthschild et al (3) Fudenberg ot al W4) found
cad inc'ense, lCapli;n ot al -13) found f %correction factor) unchanged.
'4iq ill subeocts with cpleenoricgaly a higher bodr homatocrit was ncede4 in
orner to reach a certain p,•,ripheral hernatoirit (fig. 2). f was 1.0U3 -
0.051 in these subjects co:'oared to 0.S0O - 0.017 for the patients with
anemias without enlari-ed ; .lecns (fig. 3). The f valve was higher in the
for•ier group as co,,pared to those with s:.afler enlarged spleens. ibis
ag-rces with L-udenb,-rg or al (4). In studies on osteascherosis U16) as
uoll as splconomogalics ý17) it was observed that to roach a definite
peripheral hematocrit in those patients, a doubling of the red cell •;iass
was needed than in patients with enlarged spleens. This may be an im-
portant finding and indicates a build up of erthrocytes during spleeno,,ogalics.
As was calculated by Chaplin ot al kl3), large changes in distribution of
red-cells arc roquirvd to significantly elevate f values.

Only three patients wore studied after spleenecto0m, so that those
results need substantiation in larger numbers of patients (fig. 3). One
had the operation 6 weees prcviously and f for this patient was below the
region of the control group. This result agrees with Fudenborg at al (4)
where the decrease was Ccqlained by enlargement of the portal vessclls with
increased capillary blood volume. This held more plasma than the larzer
vessells, as was sh;own in a series of studies(l, 14, 21). x.ven in dogs spleen-
ectoet caused a lowcring of the correction factor (22). For the patients
whose spleencctorr was 1.5 mid 16 years ago f was in the control range.

n-eis also was observed by Fudenborg et al t4).

Elood volume dctcr.iinations are of clinical int.1rest in a variety of
situations and can be of value in hematological diseases (10). ;'ith
splcenozwgalies of different origin (4, 16, 19), anemias in the realm of
chronic liver disease (23), acute and chronic kidney insufficiency with
oligurea k24) and durinG several other diseases (6, 10) blood volu ele-
vations were at least partially responsible for a decrease in hematocrits.

If BY measuremonts are done on normals or on patients with aneolia
without using the correction factor the results are usually high. T1ho
discrepancy of the measurement can be about 20,;. Lven though in most
cases a useful mpasure of BV can be cbtainod from PV or erythrocyte =ss
and a peripheral hematocrit (must be corrected), for exact determinations
the BV must be done directly simultaneously (1). This report shows that
during spleenomegalies and oven maybi after spleenectoxv the correction
factor (W) for homatocrit should be uzod. Similarly during liquid retention



during the course of corticostoriod therapy as woll as with heart dis'a.cs
%5) its use is indicated. This method allows one to do a simultancous
dotermination of eythrocacs and PV in a simle manner.

Summary

1. A s niic Method for the simultano.ius est~iition of plasma volum-
and total number of er-tluocytcs using Cr" and 1i 2 )-albwumn is descrabhd
and its advantages over other methods of simultaneous ostima:tion are
discussed.

2. The relation between body hematocrit-pcriphoral hcmatocrit values
is investigated in 35 pconlo. In ýhe control group rkudc up of anacm" of
different origin and severity but without enlar,;cma-nt of the spleen and
polycy~thdics the results i:ere coxI arable with those using varims other
methods- of blood volimc estimations.

3. A hi•hly significant deviation kp(0.001) from the norm -,as
shon in 10 patients with splenomegaly of various origin. Different
results were obtained in 3 splonectomized patients.

4. The importance of the changes with regard to the anaemia of
patients with splenonegaly and the value of blood volume estimations in
various diseases of the blood is discussed in coolusion.
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