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The use of radioactively lalicled red cells
jor the determination of the red cell volume

(Vebc) has gained wide acceptance since its

introduction by Hahn & Hlevesy (1940) Of

the procedures currently in use, the method

of Sterling & Gray (1950), utilizing auto-
genous cells labeled with radivactive sodium

chrpmate(Cx**), meets most adequately the

basic requirements for bloud volume meas-

urement by the dilution principle: a) tlt

| the “indicator”, in this case tayzged cells, can

I become evenly distributed in the entire blood
volume within a reasonable period, and /)

that none of the tag is lost from the circulat-

, Ing blood during mixing. Vhe rate of loss of

Ce from the tagged cells is so slow that

the lapse in time between their injection ai

the estimation of their dilationsthe subgect's
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IMood is not crifical, as is the case with P3?

(Sterling & Gray 1950). In subjects without

hemolytic disorders, the apparent volume of

distribution of cells kubeled with Crél even

24 hours alter injection ig no more than

5 per cent greater than the volume estimated
within an hour of the injection (Sterling &

Gray 1950; Nomaof, Hopper, Brown, Scott

& Wennesland 1954, Mollison & Veuall

1955S).

One of the principal disadvantages of
wing either Cro! or 2? is that the cells must

he tagged in wiiro, which in clinical studies

means that the subject must be available at

least an hour before the actual measurement.

More mipottint, however, is the possible

ctheet on accuracy of damaging the cells by

processing: them ae titre. As will be shown,

this is not an important source of error ia

volume delermaations (Wennesland, She-

pherd, Nomof, Hiown, Hopper & Bradley

1957), except an patients with hemolytic

Iendencies. Greater care in tagging is) re-

quired if the cells are to be used for studies
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Fig. }. Apparatus for delivering tagged cella. A =
calibrated 10 mi syringe, 5% inch needie; B =

ghaes tTesarverr (capacaics of upper and lower

chambers 35 mi and 15 ml, reopectively); C =
droposeble plastic tubing, /e inch deameter; D =

ghavs acheter.

of erythrocyte survival (Hughes Jones &

Mollison 1956).

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

method that we have used extensively (No-

mof et al. 1954; Wennesland, Brown, Hop-
per, Hodges, Guttentag, Scott, Tucker &

Bradley 1959; Rapaport, Yamauchi, Green,
Brown & Hopper 1960; Brown, Hopper,
Hodges, Bradley, Wennesland & Yamauchi).

Vedi.
METHOD

 

Cell tagging.

About 12 ml of ihe eubject’s

lagen cither 1" bebure of the momn-

 

ing of the dest. Jin cases of severe

blood is drawn to provide an :
of cells. The bloud 6 injected throws Wateay
cap of @ stembe §£5-mi Centrifuge tube he .
2.8 mb of acid-citrate-dextrose solution i
A sobution Comaineng O.1—1.0 yg of N

por #C a6 prepared at appropraste intervenCf
senihzed by autuchve. A volume Ot ex, ind
0.5 mb containing 50-75 pCig axkicd ¢ the
mm the centrefuge tube end mixed by gentle one
ai room temperature for 45 micutes!. Plasmg
excess Cr*! are separated from the tagged tik
ceutnfugimg and washing thrice wah o Volum?
0.9 per cent sake soktion equal to thet of .
decanted plasma, at room temperature The on
are resuspended in sufficics sabine to Festone -
vohume to that of the original blood santpite
either used at ouce of refrigerated overnighto
4—5°C. The suspeimion is kept at oun terery
dure for 45 minutes or longer befune itrawenius te
jecton Strict aseptic precautions are obverves
throughout.

arma, nase:

Measuring and delivering the dose of tagged cet

The subject's height and woight are recorded

and he rechnes ma comfortably wann room for a

beast 30 manmutes before the test. A wide-bore needle

connected to a small infusion apparatus (Fig |

ts placed én an antecubitad vein, The same madwelting

needic is used for dehvery of tagged cel!s and

walhdrawa!l of samples Enough 0.9 per cot satee

és pul wto the apparatus so that the .

the upper about 16 ml. Saline is allowed to ‘thy

slowly into the ver (o demonstrate the adequacy

of the venipuncture befbre the ocllsiare injected

‘ Converted ¥

ter fron Cr#Qly
Nate Labor ony.

* The procedhire

Radioactryidy Research Cea
ained from the Oak Rider  

  

 

1 above is the one used

“at present, When we were collecting the data 1
 forted a this paper, we were usiag 4 pias

we «in

tillation detector in which only $2 per cent of the

gamma disintegratrons of Cr! were observed i

cans, 90 that 150-200 pC of Cr** were nented

for lagen. ke

"Tubes are fastened to a phorogeaph tarmal

revolving at J or pai.

bing * free, ;

of aie; the Jower chamber contains 2 wl,ant

 

ik’! AUP bape BeeR Feb bebe

le tagged-cell suspeneic i is clhawe frou,
i

aerel test tube me whine Wout was Caged nite

an eowhah bas bev calybeated) for cou

oeters he Wan Slyke 132) 4 erg tice

ert Wes) i subaatited for the needle tise

Oerome. Exactly Hot of the suspetsien
wt

delyveredh into the kevwer Chanher of the me

_ raus (sce lig 1) ‘The syrume  aanl

agi ieraahet three ties with a tutalal Bla

“_ ane takes fromm Ure upper resersolr. ‘The

- ian ark washings TC alowed to) flow

8pont the lower resersain ade the vem

ay re followed by 4 sina aac bobrbbe (elena

ol an which belps to swcep ttn tarbuing dran lhe

pene the aic Dubtde eaters the vert Inde aes the

begne of the de etre masini period After Uns,

fe rate of infuse es celteced to the amin

ecded to posure patclicy of the aeciile C10 diagrnl

enue of fess}. Thre uoused portions ofl the tapacesl

eel wuspetewun is reserved for ope ol M-

padouctivity. |

Sampling and counliny

Blood samples act taken AS nites or more

sher the begin of the misnog prermwl Ufsinelty,

two sanvples are taken al wi maceval of S annite~

wd the resuts averaged ‘To prevent dilution of

tee blood, wath sade, Che nelisgat as discontinued

i 30 sobonds before swnplin The first 2 3 nl

di bhad is discarded. AS ant samphe is then tikes

wd transferred to a test tube containing elas

mahte mexture (Helker & Paul WOd4)  Pupticate

Wazrube tubes are felled topped wath a small clioy

uf moucrad ait aad comtriiigel for A aia. al

MOQ cpm (distawce frony Urea rag fee centre

luge comter = ES cm}. Dhey are reel te the top

@ the cell columnar

vemple are deliver by calebeated pipette dite a

Tae tot of the well nsed

fet tube (12 mm aterixe chaineter} ail cote

Veeoa well scitdlation comtec’. “Pwo 2 wl

1 .
The thiackwess of the butis coat is recorded
© Correclaon rs apqrlicd utiless st exeecds Foun

* With our Preset equipment, 45 per cout ot the

famma rays from the Cro! are alse reed as cont:
\ sallicrent Pumber of cunets (4080 of moter at
“Teed te lant the statins ab fluctuation ool

Cumeg to £ 16 per cou

StaoNc Wade Seon WW

 

Portions of the nesereal cell suspetseutr, dilured

1 5) wath distilled water, are coumled: ur the some

hanes Coanetigs ol dkewal aid CoH suspenssar are

alternated fo nine the iaffaeace of possible

[hiktuations mi the scuseavity of the counter,

Caloulatrons

Ax 5SdxV
VC! Gal) -s B

where A aml Hoace the averages of the observed

counts por seal per ol of the diluted cell suspen-

wom aial af thy boul specumens respectively, and

Vothbe volume em of cell suypensiun anyectedk

Cell yodume (Vile) is the product of VCrt! and

the average of the twe bematucnit readings of the

sanple, At this stage at 1s convenent to compare

the abverveadl Verbe with tbe predicted oclt volume

aba healthy sulgect of the same weight, height

aml sex, as established ly our studies wath thea

wetbou om 2H healthy men (Weonevkand ef al,

$959) goed TUE women (Frown af al). “Predicted

wormal’ values for Virbe can be fuwnd by a com

vermont grape anethod CWeusosland ef al 1959,

Wirtrobe 18Gb, Prown «f af) of by the following

CUPLeS

Por aen Vide

bho x weil (he)

(mil -- 86x beight (cm) +

- BW OSD. 190)

bar wontcn Vile Cink) = ? Sc beight (cm) 4

Wa dx weight chy O03 (ST). 134)

Heo sdowikl be eter that trie cell volume is

shwhtly sundher thaw Vide as cakukiled above

Devatse the coll columis of the heanatocont tubes

fran which the sahe is calculated conta2-—S

percent of teapped plana (Reeve 1952; Chaplin

& Modliame 132.0 Ebxugh, Levee &  Eanersou

IMSS; Crrepedsca A Kaw1059) aad the batty

Cont dsomecludel in the homer at peading. Our pre-

the Gone standiood Womeshed ef af 19599; Brown

eho) owete pooponed without curnrectiots fur trap

pal plasmna bectie segtle factur is utnfarmly

sepliadite CO lisplin & Modlin 1952; Ebaugh ef al.

55) Ali olevivel Vibe has been compared

woth othe “protec ponnal” for the sdbypect, a

switable cottoctien Lictot foe trapped plana may
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be used to determi the “true” Vebe, if desired

(Reeve 1952: Chapin & Molbison 1952; Ebuugh

et al. 1955; Gregensen & Rawson 1959), The om-

tents of the bubly ouat represent only 0.5—1.0 per

cent of the oc vohawe en tealthy peopic (Winteobe

1961), and we frave found the tap of the cell column

easier to read than the interface between red art

avay layers Therefore, we have followed the prac-

tice of Reeve (1952) ww our studies of normal nb

jects. Hematocrit readings can be corrected appro-

prrately when the buffy coat exceeds | mm.

RESULTS AND DISCUSSION

Evaluation of sources of error and

comments on techmiquz.

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. If the dose administered is

smaller than supposed, then the volume

appears larger than it really is, and vice

vorsa. Included in this category are a) meas-

urement of the volume of ceils injected, b)

the accuracy of counting the radioactivity of
the tagged cell suspension, and ¢) hidden

errors, such as loss of some of the tagged

cells from the circulation im vive, as might

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

wise removed from circulation. The second
category of crrors relates to the measurement
of the dilution of tagged cells in the blood.
Included here are a) the time and technique

of blood sampling, and 6) the accuracy [of
estimating the radioactivity of the les.
Since the measurement of lradigactivity is
critical to both the estimat {i hq lose
delivered and its dilution ib} thé “ut » it

will he“vy |

J

Errors im measurement of radtouctiyit,

With the plane scintillation counter Used
during collection of the data reported here
10 ml of the tagged cell suspension generally
yielded a total of 20,000—30,000 Counts/
second!, providing a good contrast betwee;
the blood specimens and the background
radioactivity. The counting error avetaged
1.6 per cent (Nomofet al. 1954). Samples
and standards were placed in dishes, 42 mm
in diameter, for counting. Variations in the
distribution of the tagged cells in relation to
crystals of the counter caused by sediments.
tion could be obviated either by twirling the
dish just before counting or by hemolyzing
the cells. We found the fatter ultnecessary,
Thirteen duplicate samples were counted:
one member of each pair was frozen and
thawed, the other agitated by hand. The
mean difference between the hemolyzed and
agitated samples was nil, and the standard
deviation of the mean of the differences was
0.18, or about 1.5 per cent of the average
counts per second of the 13 hemolyzed speci-
mens. This result also shows the approx-

imate size of the variations that can be ex-

pected from pipetting and counting ‘efrors:
combined. | re

Errors in measuring the administered dose

of tagged cells. Thd two most important

changes, we have made in the method are

a) tapping i célik the day before instead

of the day o hed periment, and b) using
the infusion apparatus and indwelling necile

4

fer administration of tagged cells and for
sampling. Tests were made to assure that

 

* With ahe well4ype sciutiliation detector wow
beang used, the 10 ml of tagged coll suspeneon
yiokh 50,000--60,000 cuunts/secund

_——

pther innovation wipes Che aecnnacy ol

ne nethoc,

I. Overnight storape ob taped cell We

cler to study the patients before ther

,eakfast so that their metibohe ane encata-

status will be as uniform as possible.

ageing the cells in the afternoon and stor-

ig the suspension overnyght is cohventent,

pecially for tests on hospitalized: patients.

fable I shows that after overnight refrigera-

wm, the supernatant sahine coutains less than

j2 per cent of the radivactiwity of the whole

asspension. In animal experiments described

gewhere (Wennesland et af 1957), we

powed that although some of the tagged: and

drigerated cells may be canght im the lung,
wer and spleen of recipient) animals, the

agree of such cell loss is} qisufficient to

fect blood volume determinations When

dis stored for I day were uyected into doy,

he total loss of tafeam vita and ot vive was

Table [. Loss of Radiochromuon (rit)

home the Tagged Cells to the Supernatant

ialime ‘ahd to the Infusion -lpparatus after

$6—20 Hours’ Storage.

 

 

  

No of Radioactivity en",

Loss of Cr*¥ ta: [observe- of total dow

fore stan os).

Supernatant saline #2 W432 Uba4

lalusson apparatus®
Synnge 15 meg O 026

Glass bulb lw aed wen
Tubing 1 0K (7 
 

"Determined by measurua: the tachoactiwity: of

Selnngs, which wore reposted ulil the Cons

dered when each portan of apparatie owas

ced directly to the scamillation counter dh tot

Hiker segralecandly frou the bescheroonl rade
wuvnty. 

less Than OG per cent: (Wennesland et al

MS7). Phe boss of Cr8® fram the blood dur-

ip the first 24 hours after injection of cells

tapped and stored by our method avetaped

S per cent in 8 healthy subjects (Nomof etal.

1954). Mollison & Veall (1955) found a

sinilar rate (G per cent) in 16 experituetts

where the blood was returned immediately

alter tagging. Overnight storage therefore

appears not tu have any disadvantage, at beast

when dealing with normal blood!. Hughes

Jones & Mollison (1956) believed it was

unlikely that the early loss of Cré! was due
to the handling of the blood, because they

fuund equal rates of loss when blood was

tagged in wiro and ta vivo.

2. The infusion apparatus. The import-

ance of a clean venipuncture and of accurate

incasurement of the amount of injected tag

has log heen recopnized (Price & Longmire

1942), The rachoactivity left in the tabing

and glass bulb adds about 50 per cent to the

very small amount Jeft in the syringe

(Table 1). Variation in radioactivity re-

Manip ino the entire delivery system are

quite sinall (Vable TP).

‘In attra halk ad the blood, messary in

all the tahouctave celltagging methods, may cause

indcterminte errocs in cxtimading Vebc of patents

wrk henrulytec tendencies unbess checked by meas-

urccmods of cell survival In a lacge climeal ex-

pence with dire method, we have had to abandon

Ie test on pare ovcaweons because of visible hemo-

Iyses of the tagged cell suspension The patients

antially had real discave, aad the hemolysis occur-

nel carly oe the lager pre edure (overnight sor-

ae was deat tvebved) This obvervadson paises the

peesthilty thatcave taanalysis may be accen-

noted atl be aia important source of error in pa-

teats with hemolytn tendetcies due to extracor-

poestular faclons.
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Table Hl. Average Hematocrit and Cell

Volume (Vrbc) of Blood Samples Collected

10, 20 and 30 Minutes after Injection of
Teyged Celis in 27 Healthy Men.
 

 

Time of .
: Hematocrit Vebc

Sempling %, cella i

10 44.54 2.06

20 44.41 2.06

30 44.56 205   
Errors in collection and timing of blood

samples. 1. The indwelling needle. This has
the further advantage of obviating hemocon-

centration resulting from repeated veni-
puncture and tourniquet applications, The

phenomenon of “spontaneous hemodilution

following venipuncture”, which has been de-
scribed repeatedly (Gibson & Evans 1937;

Hanna & Marshall 1955) and has been ob-
served by us under different circumstances

(Brown, Hopper, Sampson & Mudrick
1958), is nut found with this procedure. In
27 experiments, samples were taken 10, 20

and 30 minutes after delivering the cells. No
downward trend of the hematocrit readings

was observed (Table I).

Two suspicions arise about the indwelling

needle and the infusion apparatus; a) that
blow drawn for sampling might be conta-

minated by accumulation of Cr! in the needle

and vein near the site of injection and b)

that the samples taken shortly after discon-
tinuation of the infusion might be couta-
minated with saline. The following exprri-
ments were therefure done.

In 19 tests, one sample (was. takep [from

the mdwelling needle in th ff (in-

colfusion discontinued for 30 nd the

first 2 mal oy rded). A’ second °

7 “
~

,

Vel, liters 2.52 O41 2.42 0.37

a

sample was taken from a distant vein, with

care to avoid the effects of tourniquet Stasig
(bloud taken no less than 30 seconds after

releasing tourniquet; first 2 ml discarded).

Table ILI shows that the Vrbc determineg
from blood takenfrom separate sites was th.

same although the hematocrits of blood from

the freshly punctured veins averaged 1 scaje
division higher. To test whether the differ.
ence resulted from contamination with saline

from the infusion apparatus, we compareg

the hematocrits of two successive 6 my

samples taken from the same needle after

discontinuation of the infusion. In 15 experi.

mens, the first sample was not significantly

more dilute than the second (Table IV),

Thus, it appears that the indwelling needle

can be employed without fear uf contamina.

tion of the samples by either saline or Crt,

It has long been known that. significant

hemuconcentration can occur when blood js

taken during the application of tourniquets
(Peters, Eiseuman & Dulper 1925). When

no particular care was taken to prevent
stasis, ¢. y., when blanks were drawn tou de-

Table HII. Results of Measurements on
Blood Samples Collected from als Indwhelirag

Needle and from a Newly Placed Needte
a Distant Veig in 32 Experiments. \
 ———— 

 
    

| Speciinen Collected from:
‘ { Differ.

[in weiling [Newly Placed] °"*
Neédle Needle

i TTT 
| Mean] S.D.| Mean] 5 D. [Means  Hematocrit

°%cells 45.30 3.40 [46.40 330] 1.10/97
Vibe, litera 2.08} 030} 2081 O31 0.00)"

o.10      

r

CRO aE ite OR DETERMINATION OF-RED CELL VOLUALE Jol
 ——

ermine residual radioactivity from earher

a riments, the hematocrit was sometimes

gastically elevated. In one case, the eleva-

jon was aS much as 7.8 scale divisions (aver-

gn 87 cases, 2.5). This artifact does not

gilect the determination of Vrhe since the

measurement is based on the radioactivity

gad dhe hematocrit of the same sainple. The

derived values, Vpl and Vwb, however, can

pe seriously affected (Table fH).

2, Time and number of samples. In direct

dterminations of Vpl based ou a single

ample, 10 minutes is usually cousidered an

glequate mixing time (Noble & Giregersen,

1946). However, three recent studies mivoly-’

ing the use of rapid multiple sampling: have

shown that fluctuations in thé concentration

of tagged cells or radioactive iodinated al-

bumin may continue for fouper than JO m-

autes, and even as long as 25 minutes, after

injection of tags, -even in healthy subjects

(Pritchard, Moir & MacIntyre 1955; Funk-
hauser 1957; Tuckmao, Fianerty & Huch-

plz }959). In 27 caperiments in which

‘amples’ were taken 10, 20 and 30 minutes
alter injection of the tagged cells, mean Virbe

was the same at each sampling time (Table

If}. The variation in ruhoactivity between

Table IV. Hematocrits of Tiea Suecesstve

6ml Samples of Hluod Laken from Endivet-

hng Necdle after Ditcontinaing the Saline

Infusion mo 15 fo vpersients.
 

  

 

   

a ‘Hematocra, "i cells

First sample Second Dilfercnce
saraple

Mean 422 423 4008
Renge 38.0-44.0 380-41 -03- 108
5D. 43 a4 0.27
 

the 3 samples in a single experiment in this

series, however, was significantly higher than

in a succeeding 103 experiments in’ which

samples were taken at 25, 30 and 35 minutes

(S.D. of a single reading = 52 mi in the

first 27, and 36 ml in the succeeding 103 ex-

periments). As long as at least 10 minutes

are allowed for mixing and the subject has no

circulatory disorder, errors due lo premature
sampling not be larger than I—2 per cent

(Noble & Gregersen £946). We prefer to

wait 25 minutes or longer for the reasons
outlined above and because there is no pro-

btem with toss of tag when using Cr!

Three samples were taken at S-minute

intervals in 103 experiments on healthy men

(Weinesland et af, 1959). Analysis of the

differences between idividual results showed,

for Vibx,

standard deviation of a single value

= Joni,

standard error of mean of 3 values

== 2b mb

These volumes are small in) comparison

with the standard deviations of the mean

predicted cell volumes for men and women,

10 and 134 ml, respectively (Wennesland
vi al 1999, Drown et af). The SD. of a

staple value, $0 mb, represents tess than half

of the mean difference between results of

repeated measurements on individual sub-

jects, BOCRable VO). Thus, the result

obtained from a single sample ts accurate

cuouh for inost clinical work; we take 2

sunples, primarily as a safeguard agatnst

loss or breakage, anc averaye the results.

Mixing may be delayed ta an important

depree am a number of pathological condi-

tions, and premature sampling gives spur-
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Table V. Cell Volume (Vrbc) at Normal
Hody Temperature and as Found by In-

jecting a Second Dose of Tagged Cells ajter
Rectal Temperature Had Fallen to 27-28°C.

Two Patients Subjected to Hypothermia for
Suryical Operation.
 

 

     

_. 1

Subject Tone. Mixing Vibe ' ct
e . i sc nin. %q cells

a>
First dose 3&0 55 1.60 41.2

of celle 37.8 65 1.61 41.0

Second dose 27.4 16 1.4 46.6
26.9 32 1.42 4646
26.7 52 1.4 46.9

First dose 377 $1 2.95 47.1
of cells 37.7 59 2.95 4.4

Second dosa 27.0 15 2.68 50.6
26.7 25 2.61 50.6
26.2 62 2.73 48.2

iously low values (Nylin & Hedlund 1947;

Krown, Hopper, Sampson & Mudrick 1951;
Reilly, French, Lau, Scott & White 1954;

Prichard et af. 1955). In cases of congestive
heart failure we take samples at intervals of

15 nsinutes fur one hour or longer. The re-
sultant “mixing curves” are nearly always

flat by the end of half an hour. Caution is

required in interpreting results from tests

made during shock or hypothermia because

there 4s evidence that portions of the lee r

tree may never be reached by the tagged cel

in these conditions (Rodbard, Saiki, Mahw
& Young 1951; Prentke, Otney, !Artz &

Howard 1954). Thus, the mixing curve may

be flat, bud the pliseavéd volume of distribu-

tion repregegts bile fi culating, rather than
the total, ce ‘Observations on two

patients fer to hypothermia before

 
  

       

rocedures (Table V) illustrate this
% oa

Meer F

point. Vrbe was measured in the us
before induction of anesthesia and hypothe,

mia. A second dose of tagged cells Was na

after rectal temperature had fallen aos
10° C. Vrbc appeared to be 7—10 per ¢
lower during hypothermia than just oie
to its induction. Similar results were obainey
in 3-of 4 splenectomized dogs studied du
experimental hypothermia.

ual wa,

ting

Reproducibility and relative magnitude of
component sources of error.

In three experiments, subjects were given

a second dose of tagged cells immediate),
after the first. Differences between first and

second Vrbc were 0, 90 and 50 ml, or 0,45
and 3.4 per cent.

Seventeen healthy men were subjected to

second or third tests after intervals «
S—SI weeks in order to avoid using the
Jarger amounts of radioactivity needed for

immediately sequential measuteinents (Ta:
ble VI). The mean of 20 differences’ was

7? ml of cells, or 3.9 per cent (range, 10—

190 ml; 0.6—8.§ per: cent), These result,
define the outer Ilmits of experimental ersur
or beyond, since they ate affected not ouh

by afl the components of the method but by

possible changes within subjects. Difference,
f\the same magnitude, however, have beeu

ufind by others who repeated measurements +

at’shorter intervals. Those measuring VCr*

feported differences of 0.4—10.0 per ceut

(Keilly ct af. 1954), 4 per cent (Kisenberg

1954) and 2—8 per cent (Walser, Duffy &

Griffith 1956). The experience with P3® his
been similar. Differences between paired
measurements were 0.1—G.2 per cent of cells
(Chaplin 1954), 3.5—7.5 per cent of cells
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ple Vi Repeated measurements of coll and whole bloud volume in 17 healthy

Ta mien at 3 do ST week intervals.
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Table V. Cell Volume (Vrbc) at Normal

Kody Temperature and as Found by In-

jecting a Second Dose of Tagged Cells after

Rectal Temperature Had Fallen to 27-28°C.

Two Patents Subjected to Hypothermia for

Surgical Operation.
 

 

. Rectal [Muzi Hemato-

Subject Temp. Tune Vibe crie
*c min. % calle

First dose 38.0 55 1.60 41.2

of celle 37.8 6s el 41.0

Second dose 274 16 1.34 446
26.9 2 1.42 44.6
26.7 §2 144 4.9

a dose 37.7 st 298} 474
of cells 37.7 59 2.95 6.4

Second dose 27.0 15 2.68 50.46
16.7 25 2.64 50.6
26.2 $2 2.73 48.2     

iously low values (Nylin & Hedlund 1947;

Irown, Hopper, Sampson & Mudrick 1951;
Reilly, French, Lau, Scott & White 1954;

Vriachard ef al. 1955). In cases of congestive

heart failure we take samples at intervals of

15 miuutes for one hour or longer. The re-

sultant “mixing curves” are nearly always

flat by the end of half an hour. Caution is
required in interpreting results from tests
taade during shuck or hypothermia because
there as evidence that portions of the vascular
tree may never be reached by the tagged cells

tu these conditions (Rodbard, Saiki, Malia

& Young 1951; Prentice, Olney, Artz &

Howard 1954). Thus, the mixing. curve may
be flat, but the csr yulyme distribu-

tion represents the cirtulating, father than

the total, cell volume. Dhsedviti on two

patients subjetted ‘f@ hypothermia before

surgical ofstresfa V) illustrate this

Nom
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point. Vrbc was measured in the usua| Wa
before induction of anesthesia and hypothe.

mia. A second dose of tagged cells was Biven

after rectal temperature had fallen abou

10° C. Vibe appeared to be 7-10 per com

lower during hypothermia than just Prior

to its induction. Sunilar results were obtained
in 3 of 4 splenectomized dogs studied during
experimental hypothermia.

Reproducibility and relative magnitude of

component sources of error.

In three experiments, subjects were given

a second dose of tagged cells immediately

alter the first.-Differences between first and

second Vrbc were 0, 90 and 50 mi, or 0, 45

and 3.4 per cent.

Seventeen healthy men were subjected to

second of third tests after intervals of

3-31 weeks in order to avoid using the

latger amounts of radioactivity needed for,

immediately sequential measurements (Taj
ble VI). The mean of 20 differences was’
77 wml of cells, or 3.9 per cent (range, 10-
190 ml; 0.6—88 per cent). (These ire

define the outer limits of experimental errbr
or beyond, since they are affected not only

by all the compopients of tha method but by

possible changes within subjects. Differences

of lhe : guitude, however, have beew

found nlbet who repeated measurements

at shorter intervals. Those measuring VCr+#

réported differences of 0.4—10.0 per cent
(Reilly et af. 1954), 4 per cent (Iisenbery
1954) and 2—8 per cent (Walser, Dulfy &
Gniffith 1956). The experience with P3* has

been similar. Differences Letween paired

measurements were 0.1—6.2 per cent ofcells

(Chaplin 1954), 3.5—7.5 per cent of cells

MATERIAL REMOVED

ne

crt METHOD FOR DEEP RAIN ATION OF KET Obi Pork ME

men at 3 to 3) week entervals

Table VI. Repeated measurements of cell and whole blood volume in 17 healthy

Jo}
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(Samet, Fritts, 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 Vrbc due to the

in vitro handling of blood and to the tech-

nique of administering the cells and of sampl-
ing are very small, totaling well under 1 per
cent (Tables I, III and IV). With an aver-

age counting error of 1.6 per cent (Nomof

et al. 1954), the error arising from estimat-
ing radioactivity of the average of two blood

specimens, compared to that of the tagged

cell suspension, is less than 2 per cent. At
least Z per cent of the average test-retest
variation remains to be explained.

The S.D. of the hematocrit of a single
blood specimen, measured in duplicate, was
0.27 scale divisions in the 103 experiments
where 3 samples were taken. The experience

is about the same as described by Wintrobe

(1934), from whose data it appears that the

maximum expected variation of the test as
performed in vitro is 0.86 per cent. Our
ptactice of averaging the duplicated hemato-

crits of 25- and 30-minute samples lowers
this source of error, An indeterminate error
in calculating Verbe from the radioactivity of
whole blood relates to the quantity of plas-

ma trapped in the cell column. With normal
blood and uniform procedures of anticoagula-
tion and centrifugation, this quantity might
be expected to represent a constant fraction
of the cell column. However, from the af

culties encountered intets4
(Chaplin & Mollison 1952; |
1955; Furth 1956; Grae
1959), this expectation may, not i

Such error coul rey amount to

 

“
f

 

ee

per cent or more. An error, probebly not tx.

ceeding one per cent, arises from assumjy,

constancy of the fraction of the cell columy
occupied by white cells and platelets, or from

errors in estimating the thickness gf the

buffy coat (Reeve 1952; Wintrobe 1961).

Vpl and Vwb are derived values and un.

certain to the extent that the observed hema-

tocrit of blood taken from a large vein o,

artery differs from “true” body hematocrit
(Chaplin, Mollison & Vetter 1953; Greger.

sen & Rawson 1959). Tourniquet stasis oy
dilution of samples with saline or anticga.

gulant solutions can seriously affect Vwh
and Vpl without affecting Vrbe. In repeated

determinations (Table V1) we found that

Vwb was less constant than Vrbe. This can

probably be accounted for by the lability of

Vpl and its dependence on body water and
cardiovascular phenomena. Because the ratio
of body hematocrit to large vessel hematocnt
is affected in several clinical conditions where
blood volume is an important variable

(Brown, Hopper & Weunesland 1957), out
prediction standards for healthy men and
women were prepared without applying cor-
rections for this discrepancy. If vcr isis.

C Vilthus considered to be Vwb, and Vpl

— Vrbe, observed values can be compared

to the values derived from the prediction

chasts and “ee (Wennesland et ol.

1959; Brown ¢
“True” Vwil devefapes about 110 per cent

of VCr8!, although: the relationship is not

constant} (Chaplin ef al. 1953; Samet ¢t al.

1957). Failure to correct for the body hemat-

ocrit: venous hematocrit ratio, or the a%

sumption of a ratio not applicable under the

circumstances of the study, will lead 1

errors in estimating “true” Vwhbfrom vcr

"daily before breakfast.

 

ORNE babel dem be Rad

god hematocrit, AMOUNTtee sy tatous

10 per cent in healthy subjects at rest, 20 pct

cent in cases Of congestive heart Ciluce
(Samet et al, 957; Brown et al 1957) and

so per cent with massive splenomepaly

(Fudenberg, Baldini, Mahoney & Dame.

gek 1961). Birkeland (1900) has pomted

et that whegp blood volume is calculated
from the hematocrit and a measurement of
only cell or plasma volume, errors due ty

mistaken assumptions about the bosly lemat-
ant: venous hematocrit ratio wall be greater

when the hematocrit is lugh than when it 1

low. In tnany clinical situations ic is desire

able to make separate measurements of cell

and plasma volumes. '

SUMMARY |

We have described tia detail a modifies

ton of Sterling and Gray’> Gr*l method for

blood volume determination with which we

have had considerable expericuce.

of Crt needed for tagying 12 ml of the pea-

West blood need not exceed 50--75 uCif
a well-type’ sfintillation counter is used. The

tagged cell suspension is usually stored over-
mght so that the test can be done conven-

The cells

The dose

are cel-

nered from a smal infusion apparatus
huugh an indwelling needle which is alsa
wed for sampling.

The over-all error of the measurement of

tell volume, as shown by repeating: the test
alter intervals of 3 to 31 weeks, averages 44

Ver cent. Thiscompares favorably with re-
walls obtain
the Cys:

With other madifications of

method and with 12, even though

the long time interval between tests iu this

uly allowed the possibility of wathinesub-

"I changes of cell volume.

Niosand eee aT pe ‘pA ws

The niger sontees at error are ay the

Helcominiation ot cahoactivity of blood speci-

mens aad kyged cell suspension, and 6) le-

lermination of the centrifuged hematocrit,

particularly wath respect te the percentage
Of Wapped plasma in the cell column. Failure
fo measure accuruely the volume of tagged

coll suspension delivered to the subject, a
serous potential source of error, proved to
be relatively unimportant with the technique
toed Errors rekuing to the collection aud
handling ef blood for hematocrit determina-

_ bony and ia the prediction of the “body
hematocrit : venous hetmatrocnt: ratio can

siscaterially affect the estimation of blood and

plasma volumes, but not cell volume.
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