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a single injection of

The aim of the investigation was %o study the kinetics of 510r~EDTA

in oxrdexr t0 develop a technique for the deteimination of its renal
clearance during steady state conditions, We caleculated the plasma
clearance of ° Cr~EDPA from infusion rate.and plasma concentrations
In order to obt&in stetionary conditions rapildly, extérnal meaguras-

ment and controlled infusion wers used.

"

Patients

N¥ine patients were studied, aged 25 ~ 59 years. Three were evaluatbed
as progpective kidney donors. Six had known or suspeched renal
disease. Renal function was normal or near normal in eight, and

modérately impaired in one.

. Three of the patients .were studied in preliminary experiments after

516y~EDTA, In the remsining six controlled

infusion of.510r-EDTA was used. In two-of these bladder urine was

. sollected. -

" Methods

The subjects were semi-recumbent in a reclining chair, exeg?t in .
two experiments with bladder catheter, when they lay supine. One

detector (2 inchdlsmeter sodium iodide erystal with photomulti-

" plier, with cylindrical lead collimation extending 1 em beyond

surfaae of crystal) was placed ab the top of the skull. 4 geéond

identical detector was positioned over the heard perﬁendicﬁlar to

‘the chest wall and close to the'skin;;but got interfering with

ﬂAréspiratory.movements.
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‘ measured by single injection of
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21 GruEDTA {ethylene~dismine-tetra~acetic acid labelled with Sicrg

The Rediochemical Centre, imersham, Bogland) was injected or
infuged through a plastic cathebter or cannvla in én aﬁﬁecébital
vein. The botal dose adminisiered was ususlly 200 = 300 FG:‘L6 Iin
the infusion experiments, approximately 200 pCi was first dujected
during spproximetely one minute (priming dose), Tollowed by

infusion at a slower rate (see below)e

Blood msmples were collected at intervals of % to 15 minutes from
a venous cannula in the opposite arm, except in two experiments
4

vhere an arberial canmmla was used, In these Two experiments urine

was collected Prom an indwelling bledder catheber, and conveniilonal

inulin~ and PAH~clearance determinations were made simulianeously.

The inulin and PAH infusion was geparate from the infusion of

STGI“EDTﬁa In the other experiments urine was not 001130%%&;

Each blood sample (usnally appfcximaﬁely 6 ml) wag collected in &
heparinized glass tube. After centrifugation, 2 ml_plasmé was
trangferred to another glaés tube and counted in well erystél
seintillation counters At least 3000 counts were taken. Unless
otherwise staled, radioactiv;ty is given in diagrams and tables

os counts per second (cps) in 2 ml. Aligquots of solutions injected

were aounted, after appropriaste dilution, in exéctly the éame wWaYe

Tn four patients {Wo, 1 - 4) glomerular filtration rate was

2 orgDrs (Brochner-Mortensen, 1972)

two days befdrg the infusion experiment. In patient Ho. &6 GFR was

' mgasured 6 weske before the infuslon experiment.
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Bach of the two detectors was connscted H0 a pulse analyzer
(wallac ASm11} and the pulses were recorded on o d-~channel fHape
recordexr. The pulse rates were shown on a sirip chart recorder

(Honeywell class 194).

Tn the controlled infusion experiments (figs 1), the precordial
pﬁlse rate sigusl, ¥y, was fed intoe a proporiional controller
pfograﬁmed on a2 small snalog compuber. The controller output

gignal, 1, was thus defined according o

us=V, ~K (y~ epsg) (1)
where VO is & -basic infusion rate. K is a gain constant and epsy
is a desired pulse rate. Values for V , X, and cps, were presef

before the experiment,

Affer voltage to pulse frequency conversion in a clreult described

_ by Hood (1970), u controlled a siepping mgﬁo;'drivén infusion

machine (Inforee) with a 50 ml all glass syringe.

The stepping motor pulses were recorded on the third channel of
the tape recorder (fig. 1) and also counted during 15 min intervals

using a counterf The total volume infused {(approximaetely 50 ~ 200 ml)

' depended on, i,a., the patlent’s renal function and the ghoseﬁ CpB 4 -

While emptied syrings were repleced, the infusion was stopped for

approximately 1.5 minutes.
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‘Preliminary studies

In preliminary work possible mabthematiocal models containing two
or three compartments were assumed using typical values for
compartment volumes and connecting flows, or time constants

(figé 2)6

The elgenvalues of the model for different clearance valugs were
compared with lk-values obtéined by fitting three exponentﬁals B0
single injection experiments with frequent plasma concentration
measurensnts {(White unpublished ). Although a good cuxrve fitting
may be obtained for considerably different kevalues the resem- |
blance between model snd patient daté was reasonable. The slowest
exponential inéicated in some cases that the total distribuﬁicn

volume was slightly underestimated in the model.

The c¢learance value correction suggesbed by Briéchner-Moriensen

(1972) in order o ascount for the error made when assuming a
one~pocl system, gave correct clearance values if used for the

model, As was found by Brichner-Hortensen (1972) the disregardgd

" area under the concentration curve way approximately constant

for different clearance values, for identieal flows and vaiumeée
The relation bebween the disregardéd and the total area was‘in
accordance with ﬁréchner-Mortensen'(1972), so that if the volumes
in the model were sligitly too low then the flows were also 100

lOW. =T

_ Bingle injectior, constant infusion and controlled infusion .

experiments on the model were simulated using the simulation '

4e
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prograp SIMEON for the PDP-15 dipital computer a2t the Division of
Automatic Control. Thé final slope of the plasma curve in the
single injection simu%ations was alttained after less than one
bour, which is slightly shorbter time than in most experiments

(White unpublished).

Constant infusiéﬁ simgla%io& yields that steady state is obitained
in about one and a half hour.provided that a well matched priming
doge 1s givenﬁ The value of thisg dose is critleal pariicularly .
for low rensl funcblion. The model has for instance for clearance .
18 mi/min a slowest fimeconstant of approximaiely 14 hours,
Estimates of clearance based on infusion rate and plasma concen~—
tration using a constant.infusion experiment would ithus require
long durvaiion. In.Qrder t0 avoid this soﬁa regulator should be

“usged,

‘The simple proporitional controller in eq (1) with the plasna-
concéntraﬁion as y was simulated; and the sieady stabte was

attsined slightly faster than without control, if Vo and.cpsé

ag well as the priming dose were well maﬁohedf If ¥, was 30 %

too low, the settlivg time was decressed ffom four hours to one

and a half ﬁour by fhe controller with & reasonéﬁle gain constant K
(61 = 120 mi/min). The model was thus used to indicate that using
plasma concentration measu?emeﬁts.a corraect clearance value would
be obtained after say two hours without any urine collection even

if the priming dose sud the infusion rate were mismatohed.

I the gain of the controller was increased giving “tighter!

control, the plasma concentration would be constant very soon,
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but 4t would take longer to get sbeady state in the whole syaten,

and the measurement noise would be magnified mpking the dinfusion

rate Qilffiocult to define,

Neo plasma conecentration measurements were however available for

the controller, only ithe externsl meassurements of Tfor instance

precordial activity.

Two preliminary experiments were dones The external sctivities .

‘were recoxded after a single injections The slope of the piasma
and the precordial signsls during the fourth hour were comparéd
(table 1). The differences in z, /é indicate that all compariments,
Qf.the body &q not behave uniformly even affer four hours. Sone
very slow pools of minor imporiance for the plgsma curve nay give
a significant coniribution to the precordial curve., The surves
may require another four hours to become parallel in the lin log

diagram. Thess slow pools are not accounted for in the assumed

compartment model.

Another disadvantage with theﬁexternal neasurements is that it

is more difficult to match ¥, and cpsy because of the influence

of the geomeiry on the external signal.

Results

Plasma concentration, precordial count rate and infusion rate arve

. shown in disgrams,  bne for. edch of the six’ patients who recieved

controlled infusions. The recordings of precordial count rate and

£
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of infusion rate showed considerable Ygiabistiesal” fluetuatioas
in the originsl tracings. The original precordial count rate

curve was Ysmoothed® by haud when dravm into the diagrams. The
corresponding infusion rate curve was not used in the diagrams.
Instead; the toial number of counbs was noted at 1% min intervals,
and the average during emch interval is pressnted‘in the diagrams,
{This procedure was occasionally checked by replay of the tape

ragording of the original signale} _

Covnt rate from top of the skull (not included in the disgrauns)

was generally Jlower than the precordial count rgte, and the initial

decline of the ourve wag less steep over the skull than over the

hearts: However, a detailed énalysis of these and other findings

in the skull tracinges was impossible, since movement avitifacts

could not be avoided.

The disgrams show thait both plasma concentration and precafdial‘
count rate tended ¢ approach a rather constant level afber

30 ~ 40 minutes. (The precordial tracing sometbimes shéwa&_a.small,

- barely signilicanit, rising trend after the rapid initial decline.)

Patlient No. 3 was exceptional in that constant 1eveis were not
reached until wuch later, which probably refledted his impaired

renal Tunotion.

The infusion rate 4id not regularly reach & constant level.
Patterns varied between subjects. In patients No. 4, 5, and 6

(passibly also No. 2) the infusion rate was slower after

- - approxinately 60 minutes then during the preceding period,.
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In the longest experiments a slight decreasse in the plasma curve
started after approximately 150 minutes without a corresponding
decrease in the precordial curve, which in faet showed a small

rising btrend.

Plasns clearance valugs calenlated Ffrom the later pawis of the
experiments differed moderately bubt not systematically from the
preceding delterminations of GFR (Ttable 1). Renal clearance was
measured in two patients and was 31 ml/mwin lower than the gimule
taneous plasme clearance, i.e. the indicator was infused at s
higher rate than that at which the indicator was excreted by the

kidneysd,.

Discussion

The constant orx nearly constant levels of radioacitivity in the
plasma and over the heart during the later phases of the infusien
experiments indlcated that a "steady state" was reached. Hewéver,
the variations in iffusion rate demonstrated that itrue staticnary
conditions were not praéenta We cannot offer a complete explénation
Tor the findings, partly because of the variations in individual
pabterns aﬁd the limifted number of experiments. Bub we will diécuss
‘briefly the combination of (nearly) congtant preccrdial an@ plasna
activity with declining infusion rgte and lower renal than plasma . -

_cieafénce, a pattern suggested in- some of the experimenis.

. Plasma delivered indicator to tissues alb an unknown rate; and to

the kidney at a constant rates Plasma received indicator from -




tigsues at an unknowa rate, and from the dinfusion at a declining

rate, greater than the renal excretion. Thig must mean that the

bl

hbalance of exzchange between plasma and tissues in these experiments

was such that fthere was a decreasing net tranéport te tisgues in
general from the plasma. Such fissues would not have been "loaded®
with radicactivity in the early phases oFf the experiment when tﬁe,
plasma concentrations were high, and wouwld continue 1o take up'

radicactividty from the plasma even after one or two hours.

L

As the preoordial detector d4id not indicate any correaponding net ¢

uptake 1t is possible that the bissues under the delector no
1opger bock up radloactiviity. Xt is also a sonsequence of the
controller, which tried to keep precordisml activity constant.
The very late decrease in plasma activity also indicates this.
YWhen the slow pcéls2 discussed after the single injection |
experiments, were filling up, the detector Signal inereaged
‘slightlyé the controller reacted, the infusion rate decreased

and the plasma concentration began 10 decrease.
1 . : .

The present experiments indicated a consitant plasma'radioaﬁtivity,
but not stationary cond;tions in the body asra whole. Therefore,
caleulation of plasma clearance from infusion rate did not permit
an estimation ofArenai clearance under these'ciicuﬁstanceso it is
conceivable that,-if the experiﬁeﬁts had beenvﬁrolongeﬁ further,
infusion rate may have stabilized at a lower levels This would

mean & lower plasma clearance, possibly identical to the simul-

taneous renal clearance,

I% may be noted that the patient (No. 3) who most markedly -

9.




deviated from the pattern discussed sbove, and who showed a
riging and then congtant infusion rate, had a plasma clearance

identical to the previocusly measured GIR.

Plasma clearance of Diodrast (iodopyrascet) and Hippuran (ortho-
iedowhippurate) zan be used o obtain s messure of ihe renal

clearance (Christisnsen et al. 19703 Gegnon eb al. 1970). These

51

indicators are excereted much more rapidly than ~ Cr~EDTA. Externsl

measurenenis and plasma disappearance of iothalamgte, an indicator

.treateé by the kidneys like 51

Cr~EDTA, do not glve correct values
for the renal claaranc; (Cohen et al. 1971}s‘0n thé other hand;
plasma clearance of inylin duriag proloﬁged-infusion mey give a
-gaéd measure of inulin venal clearance {Cole et al. 1972)._1% nay

51

' be relevant thaty although inulin and ° Or-~EDTA have the sanme

renal clesrance, they bebave guite differently in the body as s

whole,; where the diatribuﬁiah vqlume of 51Gr—EDTA is much larger

than that of iaulin (Ladégaard»?eaersen & Engell,.1972);

10,
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Table

5‘Gr«EDTA single injectlon. Plasma sanmples and precordial
detechore.

Pabient Y B

Welight . 7% kg 70 kg
Baﬁy'sﬁrface area 195 n® 1,67 m2
Clearance 116 mil/min 114 ml/min
Fourth hour slope  plasma 89 min 114 min
(Tif?) precordial 120 min 168 min

T Aerumamie s r \ - I O T o Py




Lable 2

Conbrolied infusion of ° Cr-EDTA
PatoNoe . Sex Weight (kg) _ GFR Controlled infusion
Body surface {m1/min) Renal Plasns
area tlearance ¢learance
(n?) {mi/min) {mi/min)
1 ' B 52 73 - a3 %)
' 148
2 P 75 107 o 120
: T 1,86
3 _ M 71 48 - 43
1.84
4 B 57 88 - 84 (74) xx)
1ebb _ '
5 ) M 71 - 109 140
1497
6 ¥1%) ¥ 57 157 109 - 140
1650

x_) During 45 = 60 mine

%) Lover wvalue measured during last 45 min, Higher velue during preaediﬁg

periods execluding last 30 min.

xxx) Prospective kidney donor.
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