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Simnltancous Jetrridnation of Plasrma Voluwne and Total ~rytiwocyte

Quantity with Cr®l and IX25-.1lbuwin, and a Coniribution about tic

felationship between fordpheral and Zody Hematoerit During licmato-
lozic Viscascs

(Tiie following is the translniion of an article by H. Iubor, .
Eeller and G, .liccabona, Icotope Loboratory of the iwvdical Clinie
of the University of Lansbruck, that appecarcd in the German
language periodical Blut (Jlood), Vol. 13, no. 1, 1966,pages 1=9.
Translation performed vy Constance L. Lusi.)

Blood volume measurcnents arc routin: in meay isotope labs. Usually
the total erythrocytes or plasma volume arce deturmined, and by using
“corrected” heratocrit valucs the blood volume is determined (\1, 2)s &
scries of illnesses was reported during wiich the usc of the “"corrccting-
factor" lead to wrong results, so that a simultancous measurement of the
two blood volune paris would be advantageous (1, 3-6).

Total erythrocyte msizgs detvernined mostly, by using Crsl-labclling
of erytnrocytes; -‘lowain-I is uced for plasma volwic. Because of the
similar cnergy spectra simuliancous deteritinations of these two isotopes
may lead to difrficultics.. It is possible to do this if the short-lived
1152 is used instcad of IX2 \1132 i's = 2,3 hrs), For this rcason this
is expensive and not generally useful for routine worke Plasma volumo
was neasured with Cr5i013; total crythrocytes IIaQCxBJ'OQ \l1); this requires
a thorough scparation of urybhrocytes and plasma in order to measure
radiocactivivy. Uetermining life of the erfthrocﬁi is fraught with errors
as is a plasmaz v%].umc stermddnation vith albwnin If erythmocytes are
lubelled with F3 , than onc cun do 4831 alowain for PV, bub beta rays
~re moro diflicuit to mcasure. This icobepe is also clutcdlrapidly 1),
vae ean use Fe?”? labslling anc st PV by _exttranolation; Cr’* may be used
cirmltancously. Plasma elcarance of 727 ig ropid, oxponential (7), so
wast graphic citrapelation may lead to diffiecultics. Labelling erythrocytes
with dyes is uced Irequenily to get PV, bub this method has disadvantages (1).

)

Ve encountorr:d trouble in the technique of the sirmltancous deteriaination.
-a¢ prosent metiod, howaver, gave us good results, it is sirple and needs
¢ minizmm of equipmcont. 1t is used to crvhasize the relation between peri-
oacral and body homatocrit. A group of paticnts with anemias were useqd a-
long with controls. Onc patient had an enlargzed spleen and was spleenecto-
adzed, one had polythemia.

Circulating Lrythrocytes
about 20 ml. venous blood was collcctod and mixad with 0.5 ml.
. “marin (2500E), and centrifuzed at 20C0 rpa for 5 minut, $o Tho super=
cant plasma was discarded and 50-100 ricrocwrics of C (as Na.zcr Oh)
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- mpacran

s added (J2Gioch...lank VLIRS AOrSiHAn £.3Ce b le0R-1.51 me/udero
gra)e  Incubabion oo v . anubes. -ieess Cr@* uas roroved by waching

© 38 with norasl zolit.. W . 1:39lled crptiarocyues were susponded in 23

e physiologicad il oo wactly 20 ol of this s injeeted intra-
venously ialto a oL .ot o il of tie labsllad cim-lurocytes were uscd

as ctondard, aad o o "5 100 1le cfie Lrois with sopondn.  fen
adnutes afvor inj.c.m .. . “clmms vare draim, usually &, and col-
leeted in a hepansinl . .0 . Lo aeaavecrdd was done with the nlero=-
hematroerit method. - o i added to a pord ol the sxmwle, and 2 .l
of this hemolyscs. *. v .. .« <he rest was contrifugad, and tae placna

served in vhe ¥V ot el o2 aatenablie sample caainger, liquid
seintillator was wi..l .o o o vacioactiyicys 5000 immulses (counts) woro
counted, 50 thal v cuiais. ) oivor was « 3. Tho usual formulac were
usedl'&o caleulaty wosal wiysiarocyios (2, U). o corrcetion was roquirsd
in I*%2 counting ciia.

Plasma volune: 128

For PV dotou oo sl ~mut.dn 47%? wne used \JFarbwerke llocchst A
8poCe aCt. 0.0L:-"wi.y i/ 7 Zolinatod albunin). Tho gtock solution was
dilubed dth saline &o .ond o 10 ml. volwae had 10 micro curdies and this
vas injected, o dsnioccion Loldoued tiw marked red-cells, tie volume syringe
was woighed bofcic :.i) aliave  ~lood samlas wore taien (hoparimizod) in
10=15 minute inucirois Jor ons howrs  The sumles for determination were
talien from wholu blosd; cusshiocyte volwad and hematoerit in quatriuplicate.
The r&gfm‘z blood tiws cwnsrifnged ab 3000 rpm for 10 minutes and usod
for I*€2 peaswremont (2 ml.). Tho 1125 plbumin standard was L ml. of
that injectud; tl.is was &.lubcd to 100 ml. with a 0.LJ protoin solution.
The activity meoasaid fo « cowatu was plottod as a scrd-log plot against
timoe Tmo 0 woo Aot tioia By fivting tho live to tho best points on
the graph. &V wns c-ielosed with the usual i‘or:’zgino {2, ). Sinco we
did not usc Hc.iie .. wta i an SoLsrection for Cx”® counts was nocossary.

Hematoerit Dovoxiliirol i o : o

In ovory cacoe Voo th mad norinhoral hematoerit word done and the ro-
sults corresponded i wacse ¢f Jacde and lowis (2). The microhamatocrit
notiod was poerfor.cid; s Ulood was centrifuged ab 12,000 g for 5 minutes.
o dld apply the coriveuien Jncucy for placma orror, aince this was vory
small in this case (¢). : '

Calculation of bLo.L7 L.intocniv and "corrocition-factor?s Thofole
lowing formmuloo weae wuecds

.. —

Ll odd ALk . W 31 eel

I & —"eee 22 200; £ = Do
LX) v 3

M = total erriarseyvo mnsc

PV = placma volwi:

£ = corrcetion Juctor

KHK = body hemaboerit (in .»)

pHK = poripheral L. .. ~erie Wi e
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Persons used in the investigation:
A total of 35 persons were used in groups as follows:

a) Control group: 10 pcople who had no hematological illncsses,
or a'v other illness leading to blood volumc altaration (10). Five
had bronchus carcinomas; three had degenerative cardial illness without
any signs of decompensation; two had chronic tonsilitise

b) Patienis with ancmias without splecnomezaly. Ten patients with
variously cauced ancmias werc useds They had no enlarged spleens. Iron-
deficiency anemias without acute, heavy blood losscs \5 cases), paticnts
with acute myclogenous leukemia (3 cases) and 1 patient had lymphosarcoma
with aplastic ancmia and congenital spherocytosis,

¢) Patients with splcenomegaly as well as some who had sploens re-
moved: 10 patients with spleenomegaly, as well as some with chronic lympho-
adenosis (L cases), 2 with osteomyaloscherosis, 1 with oirrhasis of the
liver and tumor of the spleen.

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

d) Patients with polycsyma: ‘wo had polyzyma were without enlarged
spleen (peripheral homatocrit 65 + 69% respectively); one also had osteo-
myaloscherosis, and been spleenoctomized 2 years earlier (hematocrit
LO%), This patient was also used in group c.

Results

1) Inergy Spectra of Cr5l and 1125 and the simultansous measurcment
of these isotopes. 128 ol
The differences ihghe enery spectrum of I and Crs are illustrated
in Figure 1. ll’n the T channel there was a part of the low-enerqe,.
secondary rays. No correction factar s wore neccssary, since It
al in plasma was determined after the erythrocytes had been remoyeds
was measured in whole blood, whereby the IL25 activity in the
channel was less than 0.lse The effecie?cy of counting was 2% of the imput

under these experimental conditions; 1225 was 307 of inpute

2) The relationship between peripheral and body hematocrit is demon-
strated in Figure 2, A close dependence was obscrved betweon the two para=-
meters in the control subjects, pationts with anemia without enlaryed

spleens and those with polycema (r = 0,991)s For those i1l with spleonogalics

of various origin in 8 of 10 cascs the body hematocrit was significantly
elevated, if the rosults are compared to the rost of the groups (figure 2).

3) Corrcction factors for determining body hematocrit from the peri-

pheral hematocrit values. The correction factors bccame apparent form
Figure 3. In the control group, patients with anemias without enlarged

3




T YUV,

s leens, ete., comparable results were found. For tio paticnts iith the
GVerest ancimia in recpact to acute leukesis (peripheral hematocrit 1y
cad 13.5,5) £ dropred to 0.ThO and 0.7hS respectively. ‘This result was
rnot iacluded in our stabistical caleuwlations, but .aust be if larger groups
of paticnts are involved. (Ihe patients were under treatment of daily
Cuo2s ol corticosteroid of 200 mg methylprednisolone at the timo of this
invescigation).

The 10 paticnis that had spleenonmcgalies had £ values significanily
higher | p €0.001). Thac highest valuc was observed irith the paticnt sith
the biggest spleen tumor, (25 cm below ribs) (f = 1,120), Four patienis
with splzen tumors (15 cm below ribs) had £ value about 1; the re:aining
6 paticnts with slightly enlar:ed spleens the £ value was mostly below 1.

Threc paticnts were studied after splcens were rcioved. One 6 wecks
previously; he had ostcomycloscherosis and the f value was 0,824 and was
below the control group \fig. 3)e For the other two patients -one with
idopathic thromopcnic purpura, one with polyczema vera- werc operatcd on
1.5 years and 16 ycars previously respectively. £ was in the normal
range 10.88 and 0.90).

Discugsion

The isotopic mcthod described allows onc to do a simultaneous deter-
mination of erythrocyte mass and PV in a convenicnt way. Prerequisits for
using this method are adcquatelg large differcnccs in the energy spectra
of the isotopes to be used. CrY which is used to label erythrocytes de-
composcs by electron capture; the low encrgy. "grma rays of C liec in the
region of 325 Keve. The photon mascirum for 125 is at 35 Kev (Fig. 1)«
This large difference in the energy of the emitted gama rays allovw for
zood separation of the two isotopes. lirasurement of these simuliancously
requires only simple equipment, needing only a discrimminator. I¢ is
easy to measurc the "life-time" of erythrocytes, and tic wfacciﬁgeas ac
the place of hemolysis is done witiiout difliculty, bocause the 1
is minimal in the Cr 1 chaancl (below O.1<). In contrast to the often used
.‘Ll3 -albumin this iodine isotopc also has the advanta:;clgg‘ Lebter counting
efficiency and less isotonc cffect (11)e The dose of 177 is usually less
and therefore the labeclled protein is in less danger of being denatured
(12)e Further it has a rclatively long half life of 60 days.

By determining crythrocyte mass and PV siimliancously it is possible

to deteraine blood volume d rectly, alco the body hematocrit may be detemined

which may be of interest in rofercnce to peripheral hematocrit (1, 3-6, 13).
The vessel volume, whcrein the plasma circulates, is usually larger than
that of the red cells (1, lh). The relationship of red ceclls to plasia

in the cirdulating total volume (body hematocrit) compared to the peripheral
homatocrit is usually lower than 1 (1, L, 6, 13 ete.) This report shows the

constancy of this rclationship (correction factor) in normal persons and
substantiates the results of a scries of authors who all used different
methods for detemiining red-cell mass and PV. Tne corrcction factor, f,
in normals was 0.899 with a standard deviation of 0.023 (fig. 3) and is

k.
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comyarable to the values of (13) 0.910 : 0.026; (L) 0.596 z 0,039 6)
0202 = 0.022. "I was similar to normals for paticnts with aneimias, cte,
wrovidad no enlcoriad gplern was presente This also agrees with other
authors (1, 13). A scrics of hypothescs were proposcd about this constand
rolationship, even when marked hematoerit alterations were reported (1, 6,

i),

Since rod blood ccll concentration is greater in spleen blood than in
Ly oueevessals (3, Uy, 12, 15), a large increase in the size of splecn
could lcad to increased values of fo The results in the literature arc in
opposition to this conccpb. iothschild et al (3) Fudenberg et al li) found
2a¢ inccease, Caaplin et al (13) found £ \correction factor) unchanged.
The i1l subjocts with splecnomegaly a higher body hematoerit was nceded in
oricr to reach a certain peripheral hematogrit (fig. 2). £ was 1l.uu3 -
0.051 in these subjecis co:mared to 0.870 = 0,017 for the patients with
ancmias without enlar;ed o lecns (fig. 3). The £ valve was higher in the
forier group as comparcd to those with smaller enlarged spleens. this
azrces with Fudenberg er al (4). dIn studies on ostevscherosis (16) as
well as splconomegalics 117) it was observed that to reach a definite
peripheral hematocrit in thcse paticnts, a doubling of the red cell iiass
was nceded than in paticnts with enlarged spleens. This may be an im-
portant finding and indicates a build up of erthrocytes during spleenomegalicse
As was calculated by Chaplin et al \13), large changes in distribution of
red-colls arc required to significantly clevate £ values.

Only threce patients wore studied aftcr spleenectomy, so that these
results need substantiation in larger numbers of patients (fig. 3). One
had the operation 6 weels previously and £ for this patient was below the
rcgion of the control group. This result agrces with Fudenberg et al (k)
where the decreasc was cxplained by enlargement of the portal vessclls with
incrcased capillary blood volume. This held more plasma than the larger
vessclls, as vas shown in a scrics of studies(l, 14, 21). &ven in dogs splecn-
ectomy caused a lowering of the correction factur (22)e For the patients
uiiose spleencctory was 1.5 ad 16 years ago £ was in the contrel range.
Tnis also vas observed by Fudenberg et al k).

Kood volunme deberainations are of clinical intcerest in a varicty of
situations and can be of valuc in hematological discases (10). With
splcenomegalies of different origin (4, 16, 19), anemias in the realm of
cironic liver diseasc (23), acute and chronic kidney insufficiency with
oligurca (2l) and during several other discases (6, 10) blood volumo cle-
vations were at least partially responsible for a dccrcase in hematocritse

If BV measuremcnts arc donc on normals or on patients with ancmia
without using the corrcction factor the results are usually high. The
discressncy of the measurcment can be about 204, Even though in most
cases a useful mcasure of BV can be cbtained from PV or erythrocyte ass
and a peripheral hcmatocrit (must be corrected), for exact determinations
tho BV must be done diroctly simmltancously (1). This report shows that
during splecnomcgalics and oven mayb: after spleenectomy the correction
factor (f) for homatocrit shiould bo used. Similarly during liquid retention

Se
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during the course of corticosteriod therapy as well as with heart dis-ases

\52 its use is indicated. This method allows one to do a simultancous
determination of erythrocytes and PV in a sirple manncr.

Sumary

1. A siimple method for tie simultancous cstimgtion of plasma volise

and total number of erythrocytes using Cr”" and IL2

-albunin is deseribed

and its advantages over other methods of simultaneous cstimation are

discusscd,

2. The relation betiueen body nematocrit-peripheral hematoerit valucs

i8 investigated in 35 people. In the control group mude up of anacajs of
differcnt orizin and severity but without enlar;ement of the spleen and
polycygthdmics the results were comparable with those using varims other

methods of blood volunc estimationse

3. A highly significant deviation (p< 0.001)

from the norm was

shown in 10 patients with splenomegaly of various origin, DJifferent

results were obtained in 3 splenectomized patients.

k. The importance of the changcs with regard

to the anaemia of

patients with splenoniegaly and the value of blood volume estimations in
various disecases of the blood is ciscussed in conolusion.
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