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Introduction 

Different methods may be used for determina
tion of the glomerular filtration rate (GFR), 
which is considered to be the best single param
eter for assessment of renal function [11. 

In clinical practice the plasma concentra
tion of creatinine (Pc r) is frequently used for es
timation of the renal function in children. How
ever, GFR may be reduced up to 50% before 
Pcr-values above normal are observed, as re
ported by Brøchner-Mortensen et al. [2] and 
illustrated in Figure 1 (own data). 

Simple methods for estimation of GFR in 
children from a ratio between the body length and 
PCT have been developed [3,4], but the reliability 
of these methods has been questioned [5J. Ac
cording to Schwartz et al. [6] more precise esti
mates may be obtained if the ratio also includes an 
age-dependent factor. Our results indicate, how
ever, that the agelbody lengthlPcr-method is 
rather inaccurate (Figs. 2 a and b). 

Mainly owing to the difficulties associated 
with quantitative, timed urine collection, esti
mation of the renal endogenous creatinine 
clearance is inaccurate [6,7]. The method also 
overestimates GFR in patients with renal failure 
[8, 9). Determination of the renal inulin clear
ance, "the golden standard" for GFR-measure-
ments, is a laborious and time-consuming 
method necessitating continuous infusion of 
inulin over hours, timed urine collection, and 
multiple plasma samples, which is inconven
ient for the child. 

In later years GFR in children has therefore 
mostly been estimated following a single intrave
nous injection of a radioactive filtration marker 
such as contrast media (13,I-diatrizoate, l31I-ioth-
alamate) or metal chelates ([51Cr]-EDTA or 
["Tcm]-DTPA) [10-14], The plasma elimination 
of the marker has been assessed either from plas
ma samples [ 15 -18] or by external monitoring of 
the kidneys with a gamma camera [19]. 
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FIG. I. The relation between plasma creatinine concentration and GFR in 
20S infants and children. 
GFR may be reduced up to 50% before plasma creatinine concentration 
above normal is observed. 



GFR in infants and children 

The original multiple plasma sample meth
od, established by Sapirstein el al. [15], was later 
on simplified by Brøchner-Mortensen [14], who 
also reduced the number of plasma samples neces
sary for the GFR-estimations. A further simplifi
cation is obtained when GFR is estimated from 
only one plasma sample, and several single sam

ple methods were developed [17,20 - 24]. In all of 
them, however, an empirical estimate for the dis
tribution volume of the filtration marker must be 
used for the calculations, and the precision of the 
method depends on the size of the empirical vol
ume used as well as the time interval between in
jection and plasma sampling [17]. 

GFR r e f + GFR P c r f ta 

• (ml mm ' 1.73 m <•) 
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I O - O Mean 
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G F R r e f + G F R single sample, . . . . - - .->, — {ml min * 1.73 m z) 

FIG. 2. The ratio between the reference GFR (GFRref) and GFR estimated by 
a) the formula of Srhwari: et al. J6J using plasma creatinine concentration, 
age and body length of the patient (GFRPcr formula) and b) the single plasma 
sample iohexol method (GFRsingle sample) against the average of the methods 
in 205 infants and children. 
A rather inaccurate measure of GFR was obtained from the plasma creatinine 
method. 
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The development of methods for determi
nation of iodine concentration in plasma sam
ples, either with high-pressure liquid chroma
tography [25 - 27] or X-ray fluorescence tech
nique [28,29], has made it possible to use non
radioactive contrast media as filtration markers. 

Although intravenous urography primarily is 
a method for morphologic study of the urinary 
tract, the X-ray films may also be used for evalu
ation of the functional state of the kidneys, espe
cially if the relative kidney length [30] or paren
chymal area [31 ] is determined. A requirement for 
performing such evaluations is high quality X-ray 
films, obtainable in quiet, well prepared children. 
Hydronephrotic, scarred, or contracted kidneys 
are often difficult to outline, and it is especially in 
these cases that more precise GFR estimates are 
needed. Some objections have also been raised 
against the accuracy of the renal length measure
ments [32]. 

Intravenous urography [33] as well as CT 
with organ enhancement will remain important 
diagnostic modalities for the years to come. By 
utilizing the contrast medium already injected 
for X-ray examination also for determination 
of GFR, a combined morphological and func
tional evaluation may be obtained, and an extra 
radionuclide study may be avoided. 

Our interest in the X-ray fluorescence 
method was aroused because it might be com
bined with X-ray examinations and was techni
cally simple. With the equipment at hand, GFR 
could be determined either from multiple plas
ma samples [29, 34 - 37] or from a single plas
ma sample [38,39]. The latter method certainly 
seemed favourable forpaediatric use. However, 
the single plasma sample method was primarily 
developed for adults, and a part of the present 
study was therefore carried out in order to adapt 
it for infants and children. 
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A i m s of the present study 

Before the contrast medium method could be 
introduced for measuring GFR in infants and 
children we wanted to: 

1) decide if GFR was affected by the relatively 
high dose of the non-ionic iohexol routinely 
injected for X-ray diagnosis in children, and 
if valid GFR estimates could be calculated 
from the plasma disappearance of a contrast 
medium as previously shown in adults [29, 
34 -36] [Article / ] , 

2) examine if sensitive renal function parame
ters: GFR as well as renal excretion of al
bumin, 6.,-microglobuLin, and alkaline phos
phatase, were affected differently by iohexol 
and the ionic medium metriroate [Article / / ] , 

3) establish a weight-related empirical formula 
for the distribution volume of iohexol in 

infants and children, adapt a single plasma 
sample method for determination of GFR 
[17] using iohexol, and evaluate the day-to
day variations of iohexol GFR in this age 
group [Article / / / ] , 

4) test the precision of the GFR estimate -
obtained by the 3-h single plasma sample 
iohexol method - in infants and children who 
were not included in the group of patients 
forming the basis for the method, and 
evaluate the optimal time interval between 
the injection of iohexol and the plasma 
sampling (= optimal sampling time) 
[Article IV], and 

5) establish the optimal sampling time for 
estimation of the plasma elimination of 
iohexol in uraemic children and evaluate the 
usefulness of the single plasma sample 
method in these patients [Article V\. 
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Summary of articles I - V 

This study includes a total of 223 individuals, 
108 girls and 115 boys, i£ed2daysto 14 years. 
Their plasma creatinine concentration rr.nged 
from 15 p-mol P1 to 615 p.mol I"1, and GFR from 
4ml min"' 1.73 m"2to 141 ml min'1 I.73 m"-. The 
investigations are presented in 5 articles (/ - V) 
and are summarized as follows: 

/ The total plasma disappearance of iohexol 
was determined by X-ray fluorescence 
technique following intravenous urography 
in 10 children aged between 2 and 13 years. 
For comparison the plasma disappearance of 
("TcTDTPA was estimated both 2 days 
before and simultaneously with the iohexol 
study. High correlations between the three 
sets of data were found, and no change in 
the GFR was detected following injection of 
the contrast medium. It was also found that 
reliable estimates of the GFR could be ob
tained from two plasma samples of 1 ml each, 
taken 3 and 4 h after the injection of the con
trast medium. 

// Thirty-two children aged between 1 and 14 
years were given either metrizoate or iohexol 
for intravenous urography in a double blind 
study. Mild to moderate adverse events we
re observed in all patients receiving metri-
zoate (15/15) and in 4 receiving iohexol (4/ 
17). Alkaline phosphatase concentration in 
urine was significantly increased 4 h after 
the injection of toth media, but had returned 
to pre-injection levels 16 h later. The excre
tion of G,-microglobulin and albumin was not 
altered. In 9 children of the metrizoate group 
and 11 of the iohexol group GFR was deter
mined before urography by the single injec
tion ["TcTDTPA-technique and 3 to 4 h 
after urography by measuring the plasma 
disappearance of the contrast medium with 
X-ray fluorescence technique. No significant 
reduction of GFR was observed. 

Ill This study was performed in order to de
velop a method for estimation of the GFR 
from a single plasma sample based upon the 
plasma disappearance rate of iohexol. The 
apparent distribution volume for iohexol 
was measured in 100 infants and children 
and used for establishment of a weight-
related empirical formula for the distributi
on volume. Using the distribution volume 
obtained by this formula, a preliminary 
GFR was calculated from the iodine con
centration measured in a plasma sample ta
ken 3 h after injection of iohexol. When this 
estimate was corrected by another empiri
cally established second degree correction 
factor, a high degree of agreement was 
found between a GFR reference method and 
the 3-h single plasma sample method. In 
another group of 13 children the 3-h single 
plasma sample GFR was estimated twice 
with a 2-days interval, and the day-to-day 
variations were found to be similar to those 
obtained with other standard methods. 

IV In this study the validity of the empirical for
mulae established in Article 111 was confirmed 
in examinations in 143 p-uients. The results of 
the 3-h single plasma sample method were si
milar to those of a standard [^Tc^-DTPA-
method, and also to (hose of a two plasma 
sample iohexol method. Evaluation of the re
sults obtained with plasma sampling 1.2,3 and 
4 h after the injection of the contrast medium 
showed that the optimal sampling time for 
GFR-levels down to 20 ml min'' 1.73 m' : was 
about 3 h after the injection. 

V Theplasmaclearancesofl^Tc-M-DTPAand 
iohexol were estimated in 11 children with 
chronic renal failure for determination of the 
GFR. Equal values were obtained with the 
two substances provided plasma sampling 
was simultaneous, but when plasma was 
sampled within 3.5 h after injection of iohexol 
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and ["Tc^J-DTPA the GFR was overestima
ted by more than 50%. For clearance values 
below 20 ml min'1 1.73 m'2, valid GFR esti
mates were obtained both from the two sam
ple method with plasma samples taken 3 and 
24 h after the injection of iohexol, and from a 
single plasma sample taken 24 h after the 
injection. 



GFR in infants and children 

Practical considerations 

Clinical research in infants and children is asso
ciated with some practical problems, and atten
tion is given to those related to the present 
study. 

Indwelling cannula 
Vein puncture in children is often difficult. We 
therefore decided to use one indwelling cannula 
for injection of ["Tcm]-DTPA and contrast 
medium, as well as for blood sampling (in the 
14 youngest infants undergoing cardioangio-
graphy blood was sampled through a small end-
hole catheter in the inferior caval vein [///I). 
Special precautions were taken to minimize the 
risk of contamination with the marker sub
stances by connecting the cannula with a three-
way stopcock and using one opening for injec
tion and the other for blood sampling, com
bined with repeated flushing of the device [40|. 

The risk of contamination is, however, com
pletely eliminated when the contrast medium is 
injected in a peripheral vein through a small 
"butterfly" needle, and the plasma sample is taken 
by another, separate puncture. The latter method is 
now our routine procedure, and the sampling is 
preferably combined with blood testing for other 
purposes. 

Food and fluid intake before, during, and after 
the examination 
The children were encouraged to drink before 
the single dose injection of [5*rcml-DTPA, but 
not during the sampling period, which in some 
of the patients took 4 - 5 h. Before intravenous 
urography, the children were fasted for 3 h, and 
they were allowed to eat and drink freely im
mediately after termination of the X-ray exami
nation. Therefore, in those cases where GFR 
was determined by radionuclide and contrast 
medium simultaneously, somewhat different 
procedures were followed depending on what 
examination was the most important: the radio
nuclide study or the intravenous urography. We 
did not, however, observe any effect on the GFR 
estimates by the different hydration procedures 

used. No significant difference was found bet
ween 
1) the GFRs determined by [? 9Tcm]-DTPA in 

10 hydrated children on day 1 (radionuclide 
study) and those on day 3, when the same 
children had fasted for 3 h (intravenous 
urography combined with simultaneous in
jection of [wTcn ,)-DTPA) [/), and 

2) the GFRs determined by iohexol in 13 hy
drated children on day 1 (radionuclide study 
combined with simultaneous injection of a 
low dose of iohexol) and those on day 3 after 
3-h fast (for intravenous urography) [///]. 

Restriction of movements during the plasma 
sampling period 
The children were confined to bed during the 
radionuclide studies, as recommended by 
Brøchner-Mortensen [14] and Groth [181. Ini
tially we tiied to keep them recumbent during 
the sampling period after the intravenous 
urography, but realized that after returning to 
the ward the children were either moving 
around in their beds or complaining of being 
kept away from the playrooms. Our planned 
restrictions were therefore soon abolished, an 
attitude which was supported by Tauxe who 
questioned the need for strict bed rest [21], and 
especially by Brauner and Westling who con
cluded that bed rest (in adults) was unnecessary 
[41]. 

Contrast medium 
All contrast media are potentially nephrotoxic, 
but the renal affection is most frequent in adult 
patients, in some more or less well-defined high 
risk groups [42 - 45]. We have been unable to 
find any reports of GFR-depression caused by 
non-ionic contrast media in infants and chil
dren, and we did not detect any depressive ef
fect on the GFR in the 30 children examined, 
neither with metrizoate nor iohexol [/ and IT]. 

The non-ionic contrast medium iohexol 
(Omnipaque®, Nycomed AS, Oslo, Norway) 
has been used for all routine intravascular con-
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trast injections in infants and children at our insti
tution since 1983 [46]. At the start of our studies in 
1985, the discussion about which contrast me
dium to prefer- ionic or non-ionic - was going on. 
and the ionic medium metrizoate (Isopaque® 
Nycomed AS, Oslo, Norway) was still exten
sively used, In spite of a large clinical experience 
surprisingly little information was available about 
the influence of contrast media on renal function 
in infants and children. The double blind study 
reported in Article II, comparing iohexol and 
metrizoate, v. as initially planned to be a more ex
tensive one. It was, however, terminated after 32 
examinations, mosdy for ethical reasons, since the 
subjective adverse effects were rather pronounced 
in a high number of children. Not surprising [46|, 
the adverse effects were almost entirely caused by 
metrizoate which was given to 15 children [If]. All 
other investigations in this study were performed 
with iohexol, and only GFRs detetmined with 
iohexol were used for establishment of the For
mulae 3 and 5, as well as for testing of the validity 
of the single plasma sample method [IV and V\. 

The X-ray fluorescence analyser 
The equipment used measured the iodine concen
tration in plasma by X-ray fluorescence technique 
[29j. It had a built-in computer which was pro
grammed with Formulae 1 and 4, and the next 
model will also include Formulae 3 and S (see 
calculations). The data that have to be fed into the 
computer are age, body length and weight, 
amount ofcontrast medium, and time for injection 
and plasma sampling. The analyser can either op
erate on a single plasma sample basis, or with 
multiple plasma samples up to a total number of 8. 

The accuracy of the measured iodine con
centrations depends on several factors, among 

which the sample volume, counting time, and io
dine concentration are important [35,36]. Most of 
the patients in the present study were examined 
with the ELX 84 equipment (Elementanalys AB, 
Malmo, Sweden). It was adapted for samples of 1 
ml, while by the later model, Renalyzer PRX 90 
(Prova!id AB, Lund, Sweden), plasma samples of 
2 ml had to be used. All plasma samples were 
counted for 5 min. The ELX 84 equipment had a 
detection limit of 0.033 mg I ml"', and only pa
tients with an iodine concentration in the last plas
ma sample of more than 3 times the detection limit 
(i.e. 0.1 mg ml"1) were included in the study. With 
the Renalyzer PRX 90, which has a detection limit 
of 0.014 mg I ml"1, however, even plasma samples 
with an iodine concentration of 0.05 mg ml"1 may 
be used for the calculations. In the total material 
the highest iodine concentration in the 3-h plasma 
sample was 4.051 mg ml"1 and the lowest 4-h 
sample value was 0.077 mg ml 1 . 

Noteworthy is also that the X-ra> fluores
cence method is inexpensive. With tb? equip
ment at ^nd the extra cost is for the calibration 
fluid, which must be changed every second 
week, and the plastic tubes needed for the 
plasma. 

Urine sampling 
Timed, quantitative collection of urine without in
dwelling catheters is difficult. Even with adequate 
collection, interpretation of the clearance esti
mates may be complicated in patients with dilata
tion of their urinary tracts. Both the size of this 
urinary "dead space" and its influence on the 
GFR-determinations are difficult to assess [47]. 
This was the main reason why renal clearance es
timations were not routinely included in the 
present study. 
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Calculations 

Immediately after intravascular injection a 
marker substance leaves plasma both by glo
merular filtration and by dispersion into the 
extravascular body fluid compartments. The 
amount of marker substance excreted during 
this early phase, the alpha-phase, is "lost" from 
the body fluids and consequently a somewhat 
lesser dose than injected is distributed in the 
body fluid compartments. Gradually the con
centration in the plasma and the extravascular 
fluid equalizes, and the plasma elimination rate 
becomes constant (beta-fase). However, be
cause of glomerular Filtration the concentration 
in the extravascular fluid from then on remains 
somewhat higher than the plasma concentra
tion [12]. The time needed for obtaining this 
"steady state" depends on GFR; the lower the 
GFR, the longer the time needed. 

For determination of the plasma clearance 

two methods have been used; either a one- or a 
two-compartment model. For estimation of the 
plasma clearance of [5 9Tcm]-DTPA the latter 
method, as described by Sapirstein et ah [15], 
was used. Two plasma samples were taken im
mediately after injection, during the alpha-
phase (at 5 and 15 min), and 4 during the beta-
phase (for the standard [ ,9Tcm]-DTPA-method 
at 120,150, 180 and 210 min after the injecti
on). For all patients a one-compartment model 
was used for estimation of the contrast medium 
GFR, with plasma samples taken during the 
beta-phase only [14]. 

In 18 children (10 included in Article I and 
8 in Article V) a sufficient number of plasma 
samples were taken to permit the use of two-
compartment model mathematics also for the 
iohexol data. The results were essentially the 
same, as illustrated in Figure 3. 

1.2 

! : oo 

20 40 60 SO 

^ ^wo-compaitmcnt "*" ^^one-cornpanmcni 
(ml min ) 

FIG. 3. Relationship between iohexol GFR estimated by a iwo-comparimem model 
(Sapirstein el at. (15}) and a one-compartment model (Brøchner-Mortensen l\4\) 
against the average of the methods, in the 10 children described in Article I (one girl 
was examined twice), and 8 of the children described in Article V. 
Similar GFR-values were obtained with both methods, and for ethical and practical 
reasons the one-compartment model was used for estimation of the reference GFR. 



When a one-compartment model is used 
the multiple plasma sample clearance is estima
ted from the formula: GFR = (Q ( 0 ) : C ( 0 )) x B * 
(Fig. 4). However, since this clearance method 
does not include plasma samples taken in the 
alpha-phase it will overestimate GFR. The mul
tiple sample GFR of the contrast medium was 
therefore corrected by a reduction factor, as de
scribed by Brøchner-Mortensen [14]: 

Q m x B ,Q,mxB,2 
GFR = -^— x 0.99078 - (—£i ) x 0.001218 

C (0) (-(0) 

Formula 1 * 

The apparent distribution volume (DV(a)) 
(in ml) was estimated in 100 infants and children 
[///] according to the standard formula [48]: 

D V ( a ) = Q(0):C(0) Formula 2 * 

The linear regression calculated for the re
lationship between the body weight and the 
D V ( a ) ///// was used as the new empirical formula 
for calculation of the empirical distribution 
volume (V) (in ml): 

V = 231 x kg body weight + 1215 Formula 3* 

A preliminary single plasma sample GFR 
(GFRSS) was calculated according to 
Jacobsson's formula [17] and given in 
ml min"1 1.73 m"2: 

G F R , ^ - ! xln ( . , <°> ) Formula-»' 
- ^ 0.0016 V * < V 

The relationship between the multiple 
plasma sample GFR (GFR r e f) and the prelimi
nary 3-h single plasma sample GFR (GFRSS) 
was curvilinear [III], and in order to obtain a 
final 3-h single sample GFR (GFR 5 s 3 h) similar 
to the GFR r e f the preliminary 3-h single sample 
GFR (GFR ) had to be co , ected by the factor: 

GFR =180 - 14.1 Vl33 - GFRS S Formula 5* 

This factor was obtained by solving the equati
on for the relationship (second degree regressi
on) between GFRSS and GFR r c r [III]. 

The body surface area was estimated 
according to Haycock et al. [49]. 

T -
1 2 3 

Time after injection (h ) 

FIG. 4. Schematic drawing showing 
the elimination curve for the one-
compartment model used for estima
tion of both the plasma clearance of 
iohexot(GFR), and the apparent dis
tribution volume for iohexol (DV(a)l. 
The plasmc elimination curve was 
determined by the iodine concentra
tion measured in the plasma samples 
taken in the beta-phase and back-ex
trapolated to time zero (= time of io
hexol injeclion). 

Q(0> = injected amount of iodine in mg, 
Qo) = plasma iod : , ,s concentration in mg ml'1 at time zero (intercept of back-extrapolated 

monoexponential line with the ordinate on a semilogarithmic plot) 
B = slope of the monoexponential line described above (= plasma elimination curve) 
t = the time in minutes between injection of iohexol and blood sampling 
C(i) = plasma iodine concentration in mg ml'1 at time t 
DV(a) = apparent distribution volume (estimated from the plasma elimination curve) in ml 
V = empirical distribution volume (calculated from formula 3) in ml 
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Renal clearance studies 

The initial version of Article V also contained 
renal clearance studies in 3 of the uraemic boys 
(patients 10 -12). The clearances of inulin, en
dogenous creatinine, and iohexol were estimat
ed with standard techniques. The plasma con
centrations used were the arithmetic means for 
the sampling periods, and the renal iohexol 
clearance was corrected for urinary dead space 
according to Nosslin [47]. These investigations 
were mainly done in order to compare the re
sults of the new method with the "golden 
standard" for GFR-determinations, the inulin 
clearance. The renal clearance of iohexol was 
similar to that of inulin, 10.1±0.9 and 10.5±1.0 
ml min'1 1.73 nr 2 , respectively, with a differ
ence of 0.4±1.4 ml min"1 1.73 m'2. The corre
sponding plasma clearance of iohexol was also 
similar, 10.1±1.2 ml min'1 1.73 nr 2. The dif

ference of 0±0.4 ml min"1 I.73 m' 2 between the 
plasma - and renal clearances of iohexol indi
cates that there is no consistent extrarenal elim
ination of iohexol at low GFR in children, as 
has recently been suggested for adults [SO]. 

In agreement with other reports, we also found 
that the renal creatinine clearance (16.2±2.1 ml 
min"1 1.73 nr 2 ) was about 50% higher than the 
inulin and iohexol clearances, a difference which 
is attributed to a relative increase in the tubular 
secretion of creatinine in patients with renal 
failure [8, 9]. Admittedly the number of chil
dren examined is small (3 patients), a fact which 
is mainly due to the difficulty of recruiting chil
dren for such investigations. Nevertheless, since 
each child served as its own control we consid
ered that this part of the study still provided ad
ditional information. 

General discussion 

For ethical reasons the studies were to be con
ducted with the least possible discomfort to the 
patient. The X-ray and the radionuclide studies 
were the most important and had to be done 
according to our routine procedures. Therefore, 
a two-compartment model [51] had to be used 
for the [99Tcm]-DTPA-clearance, while the sin
gle plasma sample method implied the use of 
modified one-compartment model mathematics. 
Investigations necessitating extra injections of 
marker substances (["Tcm|-DTPA or contrast 
medium) should be limited. As few plasma 
samples as possible should be taken, and prefer
ably, used for determination of both radioactiv
ity and iodine concentration. The GFR estima
tion with the X-ray fluorescence method should 
be supplementary. 

Optimal lime between injection ofiohexol and 
plasma sampling 
Both for the single and for the two sample 
methods the plasma must be sampled during the 
beta-phase, and the optimal time interval be
tween injection and plasma sampling is influ
enced by GFR; the higher the GFR, the shorter 
the sampling time may be. In order to evaluate 
the optimal plasma sampling time for the single 
sample method [17], GFR was determined from 
samples taken at different times after the injec
tion. When a 2-h single sample GFR was cal
culated from Formula 4 [subgroup 1 a, 1V\ and 
with the patient's apparent distribution volume 
(DV ( a )), most of the points deviated from the aver
age for all GFR-levels, while the 3-h and 4-h 
estimates were almost identical with the reference 
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examined twice). The dashed line indicates equality. 
These figures emphasize the importance of the opti
mal sampling time. Even when the single sample GFR 
was calculated using the patient's DV(a), the time 
interval between the injection ofiohexol and the plas
ma sampling should be longer than 2 hfor all GFR-
le\'els, and longest in patients with low GFR. 

(Fig. 5 a). In the 9 children with very low GFR 
[from Article V] the plasma elimination curves 
for iohexol indicated that steady state between 
plasma and extravascular fluid occurred after 
about 5 h. The points representing the GFR esti
mates calculated with the patient's actually 
measured apparent distribution volume (DV (a )) 
and the single plasma sample taken after 3 h were 
scattered. Much better agreement with the refer
ence GFR was obtained from the single samples 

taken about 5 h (Fig. 5 b) and 8 h after the in
jection, respectively. Nearly identical estimates 
were obtained from the 24-h sample. These ob
servations show that for estimation of the final 
single sample GFR, a 2-h interval between in
jection and plasma sampling is too short, even 
in patients with normal GFR. In uraemic chil
dren the sampling time should be longer than S 
h, while 3 h is considered the optimal time inter
val in all the other patients. 
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GFR-estimation with multiple plasma sample 
methods 
The main purpose of the present study was to 
establish a Single plasma sample method for es
timation of GFR in infants and children using 
iohexol as marker substance. As pointed out by 
Jacobsson, a close relationship exists between 
the three factors: GET?, distribution volume, and 
time interval between injection of marker sub
stance and plasma sampling [17]. 

However, the empirical formula for the 
distribution volume programmed in the early 
model of the X-ray fluorescence equipment was 
developed for adults [38], and it soon became 
apparent that it could not be used in infants and 
young children. A new formula for the empiri
cal distribution volume therefore had to be es
tablished. 

A prerequisite for development of the sin
gle plasma sample method was a valid reference 
GFR for each patient. Having established that 
the multiple sample iohexol clearance, estimat
ed according to both one- and two-compartment 
models (Fig. 3), were similar to the [ 9 9Tcm]-
DTPA clearance, the simpler, two plasma sam
ple, one-compartment, iohexol method was 
chosen as the reference GFR both for practical 
and ethical reasons [/]. 

Apparent distribution volume 
The apparent distribution volume (DV (a )) esti
mated in 100 infants and children [///], was based 
on the iodine concentrations measured in the 2 
plasma samples taken about 3 and 4 h after the 
injection of iohexol and calculated according to 
Formula 2. At least 3 factors may influence the 
size of the DV • body weight, sex. and GFR. 

Body weight: The average size of the DV ( a ) 

for iohexol agreed well with the previously re
ported size of the extracellular fluid volume in 
children [48, 52]. It decreased from about 50% 
in neonates to about 25% in the older children. 

Sex: While the extracellular body fluid 
compartments are different in adult men and 
women, it is generally accepted that before pu
berty no such difference exists [48,52). We could 
not find any sex difference in our material [///] 
and both girls (n=45) and boys (n=55) were 

therefore included when Formula 3 was estab
lished. 

GFR-dependency: Mainly 2 factors influ
ence the size of the DV ( a ): I) The "loss" of 
marker substance through the urine immediate
ly after the injection (non-immediate mixing) 
results in a lesser dose than injected (Q(n)) being 
distributed in the body fluid compartments, and 
2) the plasma, which constitutes only about 10 
to 15% of the total extracellular body fluid vol
ume, is continuously filtered by the kidneys, and 
a concentration gradient between the extra vas
cular fluid and plasma is maintained (non-uni
form distribution [12, 17]). Accordingly, the 
higher the GFR, the larger is the loss of marker 
substance as well as the concentration gradient. 
The largest apparent distribution volume (DV ( a ) 

= Q ( 0 ) : C ( 0 )) is therefore obtained in patients with 
normal renal function. This might also have been 
shown in Figure 2, Article III, if each patient s 
GFR had been included in the plot: the points in 
the lower part of the diagram represent children 
with reduced GFR, and the upper points those 
with normal renal function, 

Empirical distribution volume 
A basic difference exists between the multiple and 
the single plasma sample methods for GFR-meas-
uremeni. Estimation from multiple samples in
cludes the patient's apparent distribution volume, 
and the formula GFR = (Q, 0 ) : C ( 0 )) x B can be 
written GFR = DV ( a ) x B (Fig. 4). The single sam
ple method is, on the other hand, based on an 
empirical estimate for the distribution volume 
(Formula 3). The relation between these 2 volumes 
is visualized in Figure 2, Article III, which also 
shows that DV ( a ) estimated in patients with similar 
body weights varied up to about 50%. 

The empirical formula (/•OTTOK/O.J) which was 
established from the relationship between DV,a) 

and the body weight, thus compensates for the body 
weight, but not for different GFR levels. The fact 
that it was established from 100 patients with an 
average GFR of 78 ml min'' 1.73 m' 2 is also indi
cated in Figure 4 a. article III, where best agree
ment was obtained between the preliminary single 
sample GFR and the reference GFR for values 
about 50 to 100 ml min'11.73 nr 2 . For this GFR 
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range the single plasma sample method is less 
dependent on the size of the. distribution volume 
than at low and high GFR values (Fig. 4 b. 
Article 111). 

Single sample method, with GFR above 20 ml 
min'11.73 m'2 

What is said above might give the impression 
that both the size of the empirical volume and 
the sampling time must be chosen according to 
the GFR-level. However, when the 3-h and 4-h 
preliminary single plasma sample GFRs were 
calculated with Jacobsson's formula [17] and 
compared with the reference GFR, a curvilinear 
relationship was obtained [///]. The scatter of the 
points was more pronounced for the 4-h sample 
especially at GFR above 70 ml min"1 1.73 in"2, 
and hence 3 h was the optimal time for blood 
sampling in this group. When the correction 
factor is included {Formula 5) a final GFR value 
(GFR s s 3 h) will be calculated directly by the 
analyser [///]. 

The results given in Article IV, revealed 
that the 2-h and 4-h final single plasma sample 
GFRs might be used. However, the single sam
ple GFRs calculated with DV ( a ) indicated that a 
sampling time of 2 h was too short, and since 
the correction factor was developed from the 
preliminary 3-h single sample GFR, we recom
mend that the sample is taken about 3 h after the 
injection. 

Single plasma sample in children with chronic 
renal failure 
As indicated above, and as shown in Article V, the 
optimal sampling time in uraemic children is con
siderably later than 3 h. For GFR below 20 ml 
min'1 1.73 m~2 a 24-h time interval between in
jection and plasma sampling sufficed for most of 
the patients, but for GFR below 5 ml min'1 1.73 
m'2 even a later sampling time would be prefera
ble [17, 24, 53]. It must be emphasized that the 
correction factor (Formula 5) established for the 
3-h sample should not be used in these patients. 
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Conclusions 

1) Urography with iohexol in children had no sig
nificant influence on the GFR. Valid GFR esti
mates were calculated from the plasma disap
pearance rate obtained from 2 plasma samples 
taken 3 and 4 h after the injection of iohexol 
[Article/]. 

2) Both iohexol and metrizoate caused a transito
ry, increased renal excretion of alkaline phos
phatase. GFR as well as the excretion of albu
min and B,-microglobulin were unchanged 
[Article II \~ 

3) Using the weight-related empirical distribu
tion volume for determination of GFR from the 
plasma sample taken 3 h after the injection of 
iohexol, a high degree of agreement was found 
between the preliminary single sample GFR 
estimate and the reference, two plasma sample 
GFR. However, the relationship was curvilin
ear, and in order to obtain a value for (he final 
3-h single sample GFR equal to the reference 
GFR, the pre //mmu/yvalue had to be corrected 
by a second degree correction/actor. The day-
to-day variations of GFRs estimated with the 
iohexol methods were similar to those obtained 
with other standard methods [Article III], 

4) In another group of infants and children, 
independent, but otherwise comparable to the 
patients who formed the basis for the single 
sample iohexol method, it was confirmed that 
valid GFR estimates were obtained from the 
3-h single plasma sample. GFR determina
tions from 1-h, 2-h, and 4-h single samples 
further supported that the optimal sampling 
time in patients with GFR down to 20 ml 
min"' 1.73 m"2 was 3 h [Article IV]. 

5) In children with GFR below 20 ml min"' 
1.73 m"2, valid GFR estimates were obtained 
by the two sample method with samples tak
en 3 h and 24 h after the injection of iohexol, 
as well as from the single plasma sample 
taken 24 h after the injection [Article V\. 

H. 
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Glomerular filtration rate estimated by X-ray 
fluorescence technique in children: comparison 
between the plasma disappearance of "Tcm-DTPA 
and iohexol after urography 

G. S T A K E . E. M O N N , * K. R O O T W E L T , 1 T. G R O N B E R G - & 
T. MON CLAIR*» 
Departments of Paediatric Radiology, "Paediatrics, ^Clinical Chemistry and *Paediatric Surgery, 
Rikshospitalet, University Hospital, Oslo, Norway and "Provalid AB, Lund, Sweden 

Stake G. Monn E, Rootwelt K, Grdnberg T. Monclair T. Glomerular filtration 
rate estimated by X-ray fluorescence technique in children: comparison between 
the plasma disappearance of wTcm-DTPA and iohexol after urography. Scand J 
Clin Lab Invest 1990; 50: 161-167. 

The total plasma disappearance of the non-ionic contrast medium iohexol was 
determined by X-ray fluorescence technique following intravenous urography in 
10 children aged between 2 and 13 years. For comparison the plasma disappear
ance of wTcm-DTPA was estimated both 2 days before and simultaneously with 
the iohexol study. High correlations between the three sets of data were found 
and no change in the glomerular filtration rate was detected following injection 
of contrast medium. It was also found that reliable estimates of the glomerular 
filtration rate can be obtained from two plasma samples of 1 ml each, taken 3 h 
and 4 h after the injection of the contrast medium. 

Key words: contrast media: iohexol; renal clearance: total plasma clearance; 
urography 

G. Stake, MD. Department of Paediatric Radiology. Rikshospitalet, 0027 Oslo 1, 
Norway 

Urographic studies in rhildren have mainly been 
focused on the diagnostic quality of the X-ray 
films and adverse reactions lo the contrast 
media [1-6]. Knowledge about the effect of 
urography on renal function in children is. how
ever, still limited. Estimation of the glomerular 
filtration rate (GFR). which is considered to be 
the best single parameter for assessing renal 
function [7], has been included in only a few 
studies [8. 9], 

In adults, calculations based upon the plasma 
elimination curves of contrast media have been 

shown to provide an accurate and reliable esti
mate of the GFR [10-15]. At our centre children 
are often admitted both for urography and 
renography and we were therefore ahlc to esti
mate the GFR by the plasma elimination of 
wTcm-DTPA and contrast medium simultane
ously. 

The present study was performed to examine 
(1) whether the GFR in children is affected by 
the non-ionic contrast medium iohexoi 
(Omnipaque®, Nycomed A/S. Oslo, Norway), 
and (2) if estimation of the GFR based upon the 

161 
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and from five samples taken at about 150, 180, 
210, 240 and 300 min. 

All injections were given via an indwelling 
wrist or cubital vein cannula. The same cannula 
was used for the blood sampling taking special 
precautions to minimize the risk of contamina
tion [19]. 

On day 1 the children were allowed to eat and 
drink before the examination but not during the 
sampling time. Before the urography on day 3 
the bowel was emptied by a combination of a 
mild laxative and a rectal enema. The patients 
were fasting for 3 h before the injection of 
iohexol and isotope. After completing the uro
graphy, which usually took about 20 min and 
included abdominal compression, they were 
allowed to eat and drink freely. 

Apart from a small additional dose of radio
active isotope and a few extra blood samples on 
day 3, all investigations were performed accord
ing to our routine procedures. The protocol was 
approved by the ethical committee of the hospi
tal, and in each case informed consent was 
obtained from the parents. The GFR estimates 
are given in absolute values without correction 
for body surface. 

All values are given as arithmetic means ±1 
SEM. Linear regressions were determined 

according to the least squares method. The 
Wilcoxon's signed rank test for paired differ
ences was applied for testing of significance. 
Using two-tailed test a probability of less than 
0.05 was considered significant. 

R E S U L T S 
Following single injections the disappearance 
patterns with both dose levels of "Tcm-DTPA 
were similar to that of iodine (Fig. 1). The dis
appearance curves from 150 min and onwards 
were monoexponential, as evidenced by a close 
to linear fall of the logarithms of the plasma 
iodine and <wTcm-DTPA concentrations. The 
mean correlation coefficients for the linear 
regressions describing the final part of the dis
appearance curves at day 3 were -0.994±0.002 
for "Tc^DTPA and -0.99310.002 for iodine. 

The average GFR estimated from the final 
slope of the iodine disappearance curves based 
on five observations (three observations in 
patient 10 and four observations in patient 11 
(see Methods» in each child was 50±9 ml/min. 
When GFR was calculated from only two iodine 
concentrations obtained at 180 and 240 min 
after the contrast injection, a 3± 1% significantly 
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FIG 2. GFR determined by the plasma disappearance 
of iohexol. Estimates from five and two plasma sam
ples taken simulianet1" 'y in the same 10 patients (11 
examinations) as in Figure 1. The dolled line denotes 
equality. 

FIG 3. GFR determined simultaneously by the plasma 
disappearance of Tcm-DTPA (two-compartment 
model; seven plasma samples) and iohexol (by two 
plasma samples) in the same patients as in Figures 1 
and 2. The dotted line denotes equality. 
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lower mean value was obtained, 49±8 ml/min 
(Fig. 2). The linear regression for this relation
ship was: 

^ • ^ d o h c J i o l 1*0 plasma samples) -

0-98GFR l i o h e x o i n v c p l a s n i a _ p l e s r 0.5 
(r=0.997> 

GFR calculated from the disappearance of 
9yTcm-DTPA did not change significantly from 
day 1 (47+7 ml/min) to day 3 (49+7 ml/min). 
The linear regression for this relationship was: 

G F R ( W r c m . D T p A d i i y 3 ) = 
1.01 GFR , * T c m . D T P A day ! } + ' 

<r=0.98) 

The linear regression for the relationship 
between GFR determined simultaneously with 
wTcm-DTPA and iohexol based on two plasma 
samples was: 

G F R

1 1 0 h e , 0 i r U ' G F R (^Tc-DTPA)- 6 

(r=0.97)(Fig. 3). 

This regression line has a slope which does 
not deviate significantly from I and a y-inter-
cept not significantly different from zero. 

The mean GFR calculated from the plasma 
disappearance of iohexol (two plasma samples). 
49+8 ml/min, was not significantly different 
from any of the wTcm-DTPA estimates. The cor
responding observations in each child are given 
in Table I. 

D I S C U S S I O N 

The X-ray contrast media are excreted by 
glomerular filtration [20-23]. They satisfy the 
classical criteria for a glomerular filtration 
marker [24) with the possible reservation (hat 
they might affect the renal function. Both with 
cold | l l , 15) and radioactive [25-321 iodine 
some of ihcm have been used for determination 
of (he GFR but in these studies only small 
amounts of contrast media were used. The 
potential nephrotoxicity is both dose- and 
medium-dependent [29-321. Hence the possible 
toxic effects may not become apparent until X-
ray examination with large doses is performed. 
In this respect children are especially interesting 

because they receive relatively high doses of 
contrast medium, both for urography [33] and 
cardioangiography [34]. 

In the present study. GFR was not signifi
cantly altered by administration of standard 
doses of iohexol. However, this finding must be 
interpreted with caution, as the number of 
patients in our study is small. Contrast-induced 
depression of the renal function is infrequent, 
but well known [31. 35]. Neverthele*.. we 
believe that in the rare case with contrast-
induced renal failure any currently employed 
method for estimation of the GFR, including the 
contrast medium method, would reveal a low 
value. 

The correlation obtained between the GFR 
estimates calculated with the '"Tc'̂ -DTPA and 
the iohexol methods in this study also indicates 
that the latter can be taken as a valid measure of 
the GFR. 

The present results are in accordance with 
studies in adults where high correlation between 
the total plasma clearances 112-14, 21] as well 
as the renal clearance |2I] of slCr-EDTA and 
contrast media has been found. Estimates before 
and during the first 6 h after the injection of 
iohexol have also revealed that the renal clear
ance of the contrast medium, and hence the 
GFR, was not affected by doses up to 1500 mg 
l/kg body weight [21.22.36]. 

Since our wTcm-DTPA method required mul
tiple plasma samples, we took the opportunity to 
measure the iodine concentration in the same 
samples. Thereby the experimental data forming 
the basis for our iodine disappearance curves 
became more solid. The disappearance patterns 
indicated that the elimination rate was constant 
(monoexponentia!) from 2.5'h after the injection 
and onwards. Samples taken at 3 h and 4 h 
therefore seem to be adequate for determination 
of the GFR. The fact that the GFR calculated 
from two plasma samples was 3% lower than 
from five samples is considered to be without 
biological significance because of the small 
difference and the very high correlation ob
tained between the two estimates (Fie. 2.) Thus 
our findings confirm the results of others |I4, 
37] that with the one-compartment method two 
plasma samples are sufficient to obtain reliable 
estimates of the GFR. This is of practical impor
tance, especially in children, in whom it is desir
able that blood samples are as few and small as 
possible. 
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ln this study different mathematics were 
applied for the two methods of estimating 
the GFR. For the iohexol method a one-
compartment model was preferred mainly 
because of the advantage with fewer blood 
samples as outlined above. With w Tc m -DTPA 
the two-compartment model of Sapirstein was 
used according to the routine procedure of our 
hospital [ 171-

Reproducibility testing for GFR estimations 
have mainly been done in adults, and rather 
large coefficients of variation have been found 
| l l , 14, 36]. Since similar data in children are 
not available, comparison between methods 
have to be based upon information from adults. 
In our laboratory the total coefficient of varia
tion is slightly above \0c/c for the *Tc , n-DTPA 
method, which is similar to the contrast media 
methods |11 . 13]. Our data indicate that the pre
cision of the iohexol method is probably equal 
to that of the ""Tc^'-DTPA method also in 
children. This is not surprising when the simi
larity of the two techniques is taken into 
consideration. 
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INFLUENCE OF UROGRAPHY ON RENAL FUNCTION 

IN CHILDREN 

A double blind study with metrizoate and iohexol 

Abstract 

Thirly-two children were given cither metrizoate or iohexol for 
urography in a double blind study. Mild lo moderate adverse 
reactions were observed in all patients receiving metrizoaie 
115/15) and in 4 receiving iohexol 14/17). Alkaline phosphatase in 
urine was significantly increased 4 hous after the injection of 
both media, but had returned to pre-injection levels 16 hours 
later. The excretion of ^-microglobulin and albumin was not 
altered. In 9 children in the metrizoate group and II in the 
iohexol group the glomerular filtration rate (GFR) was deter
mined before urography by the single injection **Tcm-DTPA-tech-
nique and 3 to 4 hours after urography by measuring the plasma 
disappearance of the contrast medium with the x-ray fluores
cence technique. No reduction of GFR was observed. 

AVv words Children, contrast media, lohexol. metrizoalc. ad
verse reactions. 

Ii is generally agreed thai non-ionic, low osmolar con
trast media cause fewer and milder adverse reactions than 
the ionic monomeric media (8, 9). However, the appraisal 
of better lolerability versus higher cost of the non-tonic 
media is still controversial (3, 12, 21). In this connection 
the lack of knowledge about the effect of different con
trast media on renal function in children is remarkable 
126». 

This double blind study was performed in order to 
investigate whether sensitive renal function parameters, 
namely the glomerular filtration rate <GFR) and excretion 
of albumin, ^-microglobulin and alkaline phosphatase, 
were affected differently by the ionic metrizoate and the 
non-ionic lohexol. 

Material and Methods 

Thirty-two children admitted to the pediatric surgical 
department for treatment of urologic disorders were in
cluded in the study. Two boys were uremic with plasma 
creatinine concentrations of 264 and 363 u.mol/1. respec
tively. The others were in good clinical condition. None of 
the patients had edema. 

The bowel was emptied by a laxative (X-Prep, Ny-
comed, Norway) given on the day before and a rectal 
enema in the morning 3 to 6 hours before urography. 

About 3 hours prior to the urography, plasma creatinine 
concentration was measured, a urine sample was ob
tained, and in 20 children the GFR was determined with a 
single injection **Tcm-DTPA plasma disappearance meth
od (18). The patients were encouraged to eat and drink 
before, but not during the radionuclide study. 

AH children underwent routine urography which was 
performed by the same radiologist (G. '>.). Abdominal 
compression was used in 20 cases. N o fjod or fluid was 
given during the last 3 hours before the contrast medium 
injection. After urography, which usually took about 20 
minutes, the children ate and drank freely. According to a 
randomized, double blind protocol the patients received 2 
ml/kg body weight of either Na/Ca/Mg-metrizoate (Isopa-
que 350. Nycomed) or iohexol (Omnipaque 350. Ny-
comed), both with iodine concentrations of 350 mg/ml. 

The ages of the 15 children receiving meirizoaie and the 
17 children receiving iohexol were evenly distributed be
tween 1 and 14 years (Fig. I). Thete were 9 girls in the 
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metrizoate group, and 10 in the iohexol group. No infor
mation about the possible adverse reactions of the con
trast medium was given to the children. The entire series 
of investigations was completed before the code was 
broken. AH injections were given by an indwelling wrist or 
cubital cannula during one minute. The same cannula was 
used for the later blood sampling taking special precau
tions to minimize the risk of contamination (5). 

Reactions to the injections were evaluated clinically by 
the same radiologist (G. S.). and arbitrarily classified as 
'none', 'mild*, or 'moderate'. There were no severe reac
tions. In the first reaction group the children did not 
experience any discomfort apart from the venipuncture 
and the abdominal compression. In the 'mild' group a mild 
heat sensation or a peculiar taste was experienced. One or 
several of the following reactions were recorded as 'mod
erate': pronounced heat sensation, headache, rash, nau
sea, sneezing or crying after the injection had started. 

Blood samples were taken about 3 and 4 hours after the 
contrast medium injection, and the concentration of io
dine in one ml of plasma was determined with the x-ray 
fluorescence technique (13). The plasma iodine disappear
ance curves obtained from these two samples were used 
to estimate the GFR according to a single compartment 
model as previously described (26). 

Urine samples were obtained from all the patients about 
3 to 4 hours after urography and on the following morning. 

In 12 children who did not receive "Tc m -DTPA, deter
mination of renal creatinine clearance had to be aban
doned because of incomplete urine collections. However, 
in these patients the plasma creatinine concentration was 
measured in the same samples which were analysed for 
iodine and also in a plasma sample taken the next morn
ing. 

The creatinine concentrations in plasma and urine were 
determined with an AutoAnalyser. All urine samples were 
neutralized by adding NaOH or HCI. and immediately 
frozen at -70°C until the following analyses were per
formed: The concentration of albumin was measured by 
an immunologic method (7), (}rmicroglobulin by RIA 
(Pharmacia Diagnostics, Sweden) and alkaline phospha
tase by an enzymatic colorimetric method (Boehringer 
Mannheim Diagnosiica, West Germany). Since urine was 
not collected quantitatively, the amount of excreted sub
stances was expressed per mmol creatinine. 

The body surface area was determined according to 
HAYCOCK et coll. (14). and the GFRs are given per 1.73 m 1 

body surface. All values are given as arithmetic means 
and ranges. The Wilcoxon's signed rank tests were ap
plied for tesiing of significance. Using the two-tailed test a 
probability of less than 0.05 was considered significant-

All investigations in this study were performed accord
ing to hospital routine procedures. The protocol was ap
proved by the ethical committee of the hospital, and in 
each case informed consent was obtained from the par
ents. 

iJL tlMBnnyfflH R 
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Age. years 

Ftg. 1. Age distribution in 19 girls and 13 boys receiving either 
iohexol (a)(n=17) or metrizoate (Dl ln=!5). 

Table 1 
Adverse reactions to melrizoate and iohexol 

Contrast 
medium 

No. of 
patients 

Reactions Contrast 
medium 

No. of 
patients 

None Mild Moderate 

Metrizoate 
lohexol 

15 
17 

0 
13 

2 
3 

13 
1 

Results 

The pre-urography plasma creatinine concentration and 
the GFR were similar in the metrizoate and iohexol 
groups: in the metrizoate group 74 (range 42-264) umol/1 
(n=l5) and 94 (37-135) ml/min/1.73 m1 (n=9), and in the 
iohexol group 79 (48-363) p.mol/1 <n=l7) and 88 114-141) 
ml/min/1.73 m : ( n = l l > . 

Reactions to contrast medium. Injection of iohexol was 
significantly better tolerated than metrizoate. Adverse re
actions were observed in all the children receiving melri
zoate, but in only 4 in the iohexol group (Table I). 

Effects of contrast media on GFR and the plasma 
concentration of creatinine. Injection of either metrizoate 
or iohexol in a dose of 700 mg I/kg body weight had no 
significant influence on the GFR. When estimated from 
the iodine disappearance curve from 3 to 4 hours after the 
contrast medium injection, the average GFR in the metri
zoate and iohexol groups was 97 (53-136) ml/min/1.73 nr 
and 85 (13-124) ml/min/l .73 m 1 . respectively. The individ
ual pre- and post-injection GFR in the two groups is 
shown in Fig. 2. 

In the 12 children without GFR estimation before the 
urography, 6 receiving metrizoate and 6 iohexol, the plas
ma concentration of creatinine did not change throughout 
the investigation, neither within, nor between the two 
groups. The average creatinine concentrations (n=12) be
fore the injection, at 3 and 4 hours (mean value) and at 
about 20 hours after the injection, were 79 (46-264) 
nmol/l, 80 (46-257) umol/l and 80 (42-273) umol/l, respec
tively. 

Effects of contrast media on the urinary excretion of 
markers for renal damage. Neither metrizoate nor iohexol 
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Effect of mmrizoate ani iolitx 
alkali 

)l. 0.7 a l.'kg body weight, on urinary excretion of album! 
if phosphatase in 32 children. Mean values and ranges 

IJ, Bymicroglobtdin 

Urinary excrctioi of 

Albumim 
creatinine 
(mg'mmol) 

^-microglobulin' 
creatinine 
(ng.'mmoll 

Alkaline 
phosphatase' 
creatinine 
|IL'/mmol| 

Mctrizoale (n - 151 
Before injection 
3 h after injuclicn 
Difference 

162(1-1 fi26) 
1MQ f |-2 11231 

NS 

585 15-8 258) 
386(2-4 751) 

-199 ( - 3 507-181) 
NS 

1.0(0.3-2.3) 
1.6(0.6-3.0) 
0.61-1.1-2.1) 

C0.005 
lonetol In-' 17j 

tiefi>re injection 
} h after injection 
Difference 
P 

h7 d-364) 
IS H-152) 

-2<M- 213-62) 
NS 

411 r7-5 656) 
434 (O-ft 222) 

NS 

0.8(0.1-3.4) 
1.5(0.3-9.8) 
0.7 (-2.9-9.2) 
0 005 

s . „ 

GFH fog-juny • i ' 3 ' 

Fig. 2. GFR determined in 20 (.hildien bv the plasma disappear-
ance of^Tc^-DTPA before urojmphy. and l>y ihc pla-tia dis.ip-

' pearance of contrast medium jficr urography Ihe dotted line 
denote* equality. Symbols as in lig I. 

had a significant influence un the urinary excretion of 
albumin or/^-microglobulin Both lurtiast media, howev
er, caused a significant mcre.-s.. in the exeat ion of alka
line phosphatase in urine sampled about 3 hours after the 
urography. With metruoaie the im.rt.ase was more than 
50 per cent, and with iohexol neaily 100 per cent. Huwev-
er. the difference between the twj groups was not signifi
cant {Table 2). 

In urine sampled about 20 hour!» after urography the 
excretion of albumin and /Jj-r^icioglobulin was s'lll un 
changed. The excretion of alkaline phosphatase had re 
turned to pre-inject ion values in both the melruoati: and 
the iohexol group. 

Discussion 
Most of the adverse r cat'ions following intravascular 

injection of cor trast media depend both upon the dose and 

the type of medium used (I). Injection of high osmolar, 
ionic media has caused severe (10, 29) and sometimes 
lethal complications in infants and children (19, 20). How
ever, to our knowledge, no fatal reactions have so far 
been reported with the low osmolar, non-ionic media in 
the pediatric age group. We have used iohexol routinely 
for all intravascular applications in children since 1983 
(24) and the present study confirms that iohexol causes 
fewer and milder adverse reactions than melrizoatc. 

In the present investigation we wanted to evaluate more 
specifically whether Ihe two contrast media affect renal 
function differently. In order to minimize the risks of bias 
due to our documented preference for iohexol. we used a 
double blind study. 

A rough estimate of the glomerular function can be 
obtained from the plasma creatinine concenirations (6). In 
our patients it was unc'ianged. as earlier reported, after 
injection of both melrizoale \25) and iohexol (27). Similar 
results were observed following cardioangiography in 
children, ccith the ionic medium diatrizoate (16). 

A better estimate of ihe glomerular function can. how
ever, be obtained from GFR measurements (5). GFR in 
children can be estimated with equal precision from the 
plasma disappearance curves of "Tc^-DTPA and lohcxol 
(26). Others have shown thai the plasma disappearance of 
mctrizoate provides a valid estimate of GFR in adults (4. 
13. 221. 

In this study GFR was determined with the 
"TV-DIPA plasma disappearance method (18) before 
urography, and from the plasma disappearance curves of 
the contrast media after urography (26). No significant 
difference was observed between these two estimates ir
respective of the contrast medium used. 

In patients with impaired renal function high dose uro
graphy may aggravate the renal failure (23) However, no 
deterioration was observed in the two uremic boys. The 
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GKR was 14 ml/min; 1.7.1 m : hoth before and after urogra
phy in one ol' them, and in the o ther the serum creatinine 
was 2h4 iimol'l before, and 273 umol/l 21) hours after the 
urography. 

Patients with renal tubular damage and individual* giv
en nephrotoxic chemicals often excrete increased 
amounls of low molecular weight proteins (2. I I . 15. 28). 
We found a transitory increase in unnar> alkaline phos
phatase u i lh both contrast media, but Ihe magnitude of 
Ihe increase was much smaller than reported in adults 
(15). This observation, together with the unaffected un-
nar> excretion of albumin ( I D and /^-microglobulin (2b), 
indicates that ihe contrast media had onl> a minor effect 
on the tubular cells in our patients. 

In this material we were unable to find any discrepan
cies between Ihe renal effects of metrizoaie and iohexol. 
However, the latter was better tolerated and caused onlv 
negligible adserse reactions during the intravenous appli
cation. This is of practical importance, especially in chil
dren, to avoid apprehension in connection with renewed 
contrast studies. Contrary to others (17), therefore. we 
find there is good justification for using non-ionic contrast 
media in pediatric practice in spite of the extra cost 
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A single plasma sample method for estimation of 
the glomerular filtration rate in infants and 
children using iohexol, I: establishment of a 
body weight-related formula for the distribution 
volume of iohexol 
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Stake G, Monclair T. A single plasma sample method for estimation of the 
glomerular filtration rate in infants and children using iohexol, I: establishment 
of a body weight-related formula far the distribution volume of iohexol. Scand J 
Clin Lab Invest 1991; 51: 335-342. 

This study was performed in order to develop a method for estimation of the 
glomerular filtration rute (GFR) from a single plasma sample based upon the 
plasma disappearance rate of the non-ionic contrast medium iohexol. The 
apparent distribution volume for iohexol was measured in IIX» infants and 
children and used for establishment of a weight-related empirical formula for 
the distribution volume. Using the distribution volume obtained by this formula, 
a preliminary GFR was calculated from (he iodine concentration measured in a 
plasma sample taken 3 h after injection of iohexol. When this estimate was 
corrected by another empirically established correction factor, a high degree 
of agreement was found between a GFR reference method and the 3-h single 
plasma sample method. In another group of 13 children the 3-h single plasma 
sample GFR was estimated twice with a 2-day interval, and the day-to-day 
variations were found to be similar to those obtained with other standard 
methods. 

Kry words: apparent distribution volume; cardioangiography; urography 

(i. Slake, MD, Department of Paediatric Radiology, Rikshospitalet. 0027 Oslo I, 
Norway 

Most mcthnls fur estimation of the glomerular filtration marker is available. By single plasma 
filtration rate (GFR J are based on the dis- sample methods reliable estimates for GFR 
appearance rate of an injected filtration marker have been obtained with radionuclides both in 
and determined by multiple plasma samples adults ( 3 - 5 | and in children (*J. 
[I, 2|. However. GFR can also be calculated The iodinated contrast media for intravascular 
from a single plasma sample, provided that an injection are excreted by glomerular filtration, 
estimate of the distribution volume for the They have been used for determination of GFR 
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by the X-ray fluorescence method |7] by 
multiple plasma samples [8-12|. and in adults 
also from a single plasma sample [ 13]. 

For obvious reasons, few and small blood 
samples are especially desirable in the paediatric 
age group. Our intention was, therefore, to 
establish a reliable single plasma sample 
method for determination of GFR in infants 
and children based upon the plasma elimination 
of the much used non-'om'c contrast medium 
iohexol (Omnipaque®, Nycomed A/S, Oslo, 
Norway). 

In adult males the apparent distribution 
volume for iohexol is equal to the extracellular 
fluid volume, i.e. about one-quarter of the body 
weight [14]. However, in infants and children 
information about the distribution volume for 
iohexol was not readily available. Therefore, 
we had to establish a formula for a distribution 
volume which could be used for calculation of a 
single plasma sample GFR by a method origin
ally developed for adults [5|. In addition we 
wanted to examine whether reliable estimates 
of the apparent distribution volume could be 
obtained with a small dose of iohexol {14] since 
routine examinations imply the use of contrast 
media over a wide dose range. Finally, the day-
to-day variation of both the multiple and the 
single plasma sample methods was tested in a 
smaller group of patients by repeat examinations 
with 2 days interval. 

M A T E R I A L S A N D M E T H O D S 

The material included 113 children, 82 of whom 
were admitted for urological disorders and 31 
for congenital heart diseases. Some of the 
infants with heart disease were cyanotic. Other
wise ail the patients were in stable clinical 
condition. A.., had normal height/weight pro
portions and none of them had oedema. 
Premature babies were not included. 

Group 1 included 45 girls and 55 boys in 
whom 69 urographies and 31 cardioangio-
graphies were performed. Their ave..^e age 
was6±l years {range 2 days-14 years) (Fig. 1), 
body weight 23±2 kg (range 2.6-63 kg) and 
plasma creatinine concentration 71 ±4 umol I ' 
(range 15-363 nmol I ' ) . 

The patients fasted for 3 h before the X-ray 
examinations. Those undergoing intravenous 
urography had their bowel emptied by a com-

I.1.1I1IL... , . 
0 1 2 3 4 5 6 7 8 9 10 1112 13 14 

Age(yeor5l 
Fi(i. I. Age and sex distribution in 55 boys (•} and 
45 girls (O) in group I. 

bination of a mild laxative and a rectal enema. 
Abdominal compression was routinely used. 
After the examinations they all were allowed to 
eat and drink freely. 

Twenty-four of the patients undergoing 
cardioangiography received from two to four 
iohexol injections {mean 2.4±().l) at 8+1 min 
intervals. Al l the others were given a single 
injection. 

The amount of contrast medium injected was 
measured in the syringes used and varied 
between 210 and 2450 mg 1 kg ' body weight. 
With multiple injections the accumulated 
amount of iohexol was transformed to an 
equivalent single dose given at the time of the 
last injection according to Boijsen et ul. | 15]. 

Following the X-ray examinations two 
plasma samples were taken about 3 h and 4 h 
after the last injection of iohexol. and the 
iodine concentration in the plasma was measured 
by X-ray fluorescence technique [7] m plasma 
samples of 1 ml and with a counting time of 5 
min [ l l j . 

Group 2 included nine boys and four girls 
with an average age of 5± 1 years (range 1 - HI 
years), body weight 21 ±2 kg (range 12-36 kg), 
and plasma creatinine concentration 88±10 
umol 1 ' (range 54-169 umol 1 ' ) . 

On day 1 they received an intravenous 
injection of iohexol, 175 mg I kg ' body weight 
(concomitant with a renal nuclear study). Two 
days later (day 3) an intravenous urography was 
performed with injection of iohexol 7IXJ mg 
I kg ' body weight. 

Before the injection of iohexol on day I the 
children drank freely, but they were fasting 
during the examination time of about 4 h. The 
intravenous urography was performed as des
cribed in group I. 
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On day 1 four plasma samples were taken 
hetween 2 h and 4 h after the injection. On day 
3, two plasma samples were taken about 3 h and 
4 h afterthe injection. Their iodine concentration 
was measured by X-ray fluorescence technique, 
as described for group 1. 

For all group 2 patients, and those in group 1 
undergoing urography, a cubital indwelling 
cannula was used both for injection and blood 
sampling. Special precautions were taken to 
minimize the risk of contamination with the 
marker substance [16]. In the 14 youngest 
children undergoing cardioangiography blood 
was sampled through a 3F end-hole catheter 
with the tip located in the inferior vena cava. In 
the remaining children the blood samples were 
drawn from a cubital cannula. 

Apart from the contrast medium injected 
simultaneously with the isotope (for the renal 
nuclear study) and the extra blood samples, all 
examinations were performed according to our 
routine procedures. 

The body surface area was determined 
according to Haycock et al. [17], and all GFR 
estimates are given per 1.73 m J body surface. 
Values are given as arithmetic means ±1 SF.M 
and/or range. Linear regressions were deter
mined according to the method of least squares. 
The Wilcoxon's signed rank test for paired 
differences was applied for testing of signi
ficance. Using two-tailed test a probability of 
less than 0.(15 was considered significant. 
Agreement between two measurements was 
estimated by (he method of Bland and Altman 
[18], and logarithmic transformed data were 
used for calculation of the 95% confidence 
interval |IK|. 

The protocol was approved by the ethical 
committee of the hospital, and in each case 
informed consent was obtained from the 
parents. 

V ~ - w 
and the reference GFR was determined accord
ing to an open one-compartment model as 
described by Brøchner-Mortensen [2]: 

GFR r t . r = 
'0«i 

C„„ 
x 0.99078-

Q(« 

Q.n 

(2)* 

The apparent distribution volumes were 
related to the body weight and subjected to 
linear regression analysis. The regression 
equation obtained was used as a formula for an 
empirical, weight-related estimate for the 
distribution volume. 

A preliminary GFR (GFR^) was calculated 
from the single plasma sample taken 3 h after 
injection of iohexoi according to Jacobsson's 
formula [5]: 

GFR, S = x In 

- +0.0016 
V 

V x C m , 

( 3 ) ' 

Three values for GFR^ were obtained in each 
child by applying three different estimates for 
the distribution volume: 
(1) the empirical distribution volume estimated 
from the body weight, 
(2) the volume of estimate (1) increased by 
50%. and 
(3) the volume of estimate (1) reduced by 5(1"/... 

The relationship between the G F R r d and 
the preliminary GFR„ calculated by the 
empirical distribution volume could be expressed 
by a second degree polynoma. When this 
polynoma was solved for GFR r i M the equation 

Calculations 

In group I both the apparent distribution 
volume for iohexoi and the two plasma sample 
GFR ( G F R U ( ) were determined from the 
iodine concentrations measured in the two 
plasma samples taken about 3 h and 4 h after 
the injection. 

The apparent distribution volume (V) was 
calculated according to the formula |19|: 

*Oim=injecled amount of iodine in mg; 
(*,,,, = pliisma iodine concentration in mg ml ' ;il lime 

zero (intercept of back-extrapolated mono-
exponential line with the ordinate on ;i semi-
logarilhmic plot): 

fi- slope of the monoexponential line descrihed 
above; 

i = the time in min between injection of tohexol and 
blood sampling: 

C',,,-plasma iodine concentration in mg ml ' at 
time I: 

V-distribution volume in ml. 
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obtained was used to correct the GFR„. By this 
empirical correction factor the final single 
plasma sample GFR (GFR > s i h ) ' s made equal to 
theGFR, , , . 

In group 2 two values for the apparent 
distribution volume as well as the reference 
GFR were obtained in each patient, on day 1 
from the iodine concentration measured in the 
four plasma samples taken between 2 h and 4 h 
after injection of iohexol, and on day 3 from the 
iodine concentration measured in two samples 
taken about 3 h and 4 h after the injection. The 
3-h single plasma sample GFR ( G F R s s l h ) was 
estimated on both days. 

R E S U L T S 

In group 1 (rt = l(M>) the reference GFR ranged 
from 14 to 126 ml min ' 1.73 m : (mean 78±3 

ml min ' 1.73 m "). The apparent distribution 
volume was about 50% of the body weight in 
the newborns, decreasing lo about 25% in the 
older children. No difference between girls and 
boys was observed. The individual results are 
shown in Figure 2. 

The linear regression for the relationship 
between the body weight and the apparent 
distribution volume (Fig. 3) was used for 
estimation of the empirical distribution volume, 
in ml (V): 

V=231 xkg body weight + 1215 (4) 

The relationships between the reference 
GFR and the single plasma sample GFR cal
culated with the three different distribution 
volumes based on formula (4) are shown in 
Figure 4. A curvilinear regression for the 
relationship between the reference GFR and 
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FIG. 2. Measured apparent distribution volume for iohexol in per cent of body weight in 55 boys (+) ;ind 45 
girls (O). (group I). The dashed line indicates Ihe values ealculaled by the empirieal. weight-related, formula 
(formula 4). 
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FIG. 3 Relationship between Ihe apparent distribution volume and the body weight in KM) infants and children 
(group I). 
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FIG. 4. Relationships between the reference GFR and preliminary single plasma sample GFRs calculated with 
different estimates for the distribution volume, (a) The distribution volumes based upon body weight according 
to the empirical formula (formula 4). The dashed line denotes the regression line for the second-degree 
polynoma, (b) 150 ( • ) and50( + ) Per cent of the volumes used in the panel a: • = 150%, +=50%. The dashed 
line denotes equality. 
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FIG. 5. The ratio between the reference GFR (GFR I c )) and the corrected 3-h single plasma sample GFR 
(GFR w , h ) against the average of the methods in l(K) infants and children. The distribution volume applied was 
estimated from the body weight, hy formula (4), and the preliminary single sample GFR was corrected according 
to formula (5). 

the preliminary GFR calculated with the 
distribution volume obtained from formula 
(4) was expressed bv the correction factor 
(Fig. 4a): 

GFR^=1.« GFR r W - lUX>5 G F R r , f - 2 9 

GivLiwlialthv.finu!..:;.(.,!.. -...,.,.!,_ n r " (T.T" ) 
should be equal to reference GFR, the poly
noma was solved for GFR u . , = GFR„ih and the 
equation obtained: 

GFR^ t h =lX(V 14.1VI33-GFR„ (5) 

was used for correction of the preliminary 
GFR„. 

The difference between the mean values for 
GFR r C | and G F R v s 3 h (calculated by the formulae 
3, 4, and 5) was - 1 . 4 ml min ' 1.73 m - with a 
95% confidence limit from - 2 to 1% (Fig. 5). 

In group 2 (n=13) the apparent distribution 
volume for iohexol found with a contrast 
medium dose of 175 mg I kg"1 body weight 
, . . - . - . . ._ . . .» . . ...•/ „ « . . ,,..1 . . & v j . . . l . u v i . . 
from that found with 700 mg I kg ' body weight 
(6190+600 ml). The individual results are given 
in Table 1. 

When measured by four plasma samples the 
day 1 GFR estimate (67±7 ml min ' 1.73 m 2 ) 
was not significantly different from the two 
plasma samples day 3 estimate (66±7 ml min ' 
1.73 m - ) . 
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TABLK I. Age distribution and repeated estimates of the 
glomerular filtration rate in 13 children (group 2) 

apparent distribution volume lor iohexoi and the 

Glomerular filtration rale (ml min 
1.73 m : | determined by 

Apparent distribution 
volume for iohexoi in ml Multiple plasma samples Single plasma sample 

Age - — -
(years) Day 1 Day 3 Day 1 Day 3 Day I Day 3 

2 2809 3364 35 40 36 41 
7 6971 5341 110 94 107 98 
(1 9960 91126 68 fill 67 58 
5 5556 7050 29 26 29 31 
9 6847 8224 41 34 41 38 
3 4249 3620 54 53 48 53 
5 4395 5301 48 55 44 58 
.1 4025 6590 100 104 114 99 
8 6136 8461 64 66 57 65 
4 4396 4096 58 61 63 60 
3 J691 4953 97 80 96 81 
1 3407 4689 74 89 81 85 
4 8391 9756 89 98 85 92 

The children received tohexoI 175 mg l kg ' body weight on day I and 7)K)mgI kg ' on day 3. Both the apparent 
distribution volume and the multiple sample GFR were determmcd from four plasma samples on day I and from 
two plasma samples on day 3. 

T h e day 1 3-h single plasma sample G F R 
( 6 7 ± 8 m l m i n ' 1.73 m" 2 ) was not s igni f icant ly 
d i f fe ren t f r o m the day 3 single sample est imate 
( b 6 ± 6 m l m i n " 1 1.73 m~ 2 ) . T h e corresponding 
estimates in each ch i ld are given in Table I. 

D I S C U S S I O N 

For de terminat ion o f a single plasma sample 
G F R an est imate o f the apparent d is t r ibu t ion 
vo lume fo r the G F R marker is needed [3 -6 ) . In 
adults the apparent d is t r ibu t ion vo lume for 
contrast media is equal t o the extracel lu lar body 
f l u id vo lume; fo r iohexoi it is on average 2 7 % 
of body weight in adult males [14| . 

In ch i ld ren the extracel lu lar fluid vo lume 
decreases f r o m 4 0 - 5 0 % of body weight in 
newborns, to 2 0 - 2 5 % at puber ty , wi thout any 
sex di f ference [19, 20]. The measured apparent 
d is t r ibu t ion volumes for iohexoi in our patients 
agree fa i r ly we l l w i t h these f igures, and we may 
assume that iohexoi is also dispersed in a 
compar tment about the size o f the extracel lu lar 
vo lume in infants and ch i ld ren . 

The we l l - known in ter -pat ient var ia t ion o f the 
apparent d is t r ibu t ion volumes does not appear 
to be associated w i t h d i f ferent dose levels o f 

iohexoi in adults [5 . 14]. T o evaluate this factor 
in ch i l d ren , two contrast med ium doses-—175 
and 7(H) mg 1 kg ' body we igh t—were g iven to 
the same chi ld (g roup 2 ) , but s imi lar apparent 
d is t r ibu t ion vo lumes were ob ta ined . 

A l t h o u g h it is essential to know the d is t r i 
bu t i on vo lume, at the same t ime calculat ion 
o f G F R by a single plasma sample is rather 
insensit ive to the precise size o f this vo lume, as 
discussed by Jacobsson [5 | . Hence, a rough 
est imate w i l l suff ice fo r the purpose, as i l lus
t rated in Figure 4 ( b ) . wh ich shows that 
acceptable values are obta ined over a fa i r ly 
large G F R range, even i f the est imate o f the 
d is t r ibu t ion vo lume is increased or decreased 
by a factor o f one-hal f . Th is may be par t ly 
exp la ined by the fact that the d is t r ibu t ion 
vo lume appears bo th in the numerator and the 
denomina to r in fo rmu la (3) . 

V/hen the apparent d is t r ibu t ion vo lume is 
de te rm ined f r o m the plasma e l im ina t ion curve . 
the vo lume is overest imated ow ing to the effect 
o f non -un i f o rm d i s t r i bu t i on : after equ i l ib ra t ion 
the marker concent ra t ion is less in plasma than 
in the d is t r ibu t ion vo lume as a who le [21] . Th is 
concent ra t ion gradient increases w i t h increas
ing G F R . as does the overest imat ion of the 
d is t r ibu t ion vo lume. T h e scatter o f the points 
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shown in Figure 2. which reflects the inter-
pat ient var ia t ion o f the apparent d is t r ibu t ion 
vo lume- is par t ly re lated to this phenomenon . 

However , since CiFR is not known in 
advance, the inf luence o f non-un i fo rm d is t r i 
bu t ion cannot be inc luded in the empi r ica l 
vo lume used in the single sample me thod . As 
po in ted out by Cha l te r ton [22 j . ami also shown 
in Figure 4 , the re la t ionship between the 
reference G F R and the pre l im inary G F R wi l l 
always be curv i l inear . The dev ia t ion f r o m the 
l ine o f equal i ty can be compensated for in 
several ways: G r o t h and Aasted [23J calculated 
a single plasma sample G F R by two d i f ferent 
fo rmulas , one for G F R above 41) ml min ' 1.73 
m : . and another it the f i rst calculat ion i nd i 
cated that G F R was between 15 m l m in ' 1.73 
m : and 40 m l m in ' 1.73 m -. Howeve r , we 
have chosen a f o rmu la (4) fo r est imat ion o f the 
d is t r ibu t ion v o l u m e , wh ich describes the 
average apparent d is t r ibu t ion vo lume tor a 
g iven body weight . A p re l im inary calculated 
CiFR has then been corrected accord ing to its 
appropr ia te CiFR leve l , hy a cor rec t ion fo rmu la 
(5 ) , the ma in effect o f wh ich is to compensate 
for the inf luence o f non -un i f o rm d is t r ibu t ion o f 
the marker . 

The precision o f the single plasma sample 
method also depends on the t im ing o f the b lood 
sampl ing : the op t ima l sampl ing t ime is inversely 
related to CiFR [5 | . Acco rd ing l y , at low CiFR 
Jaeobsson recommended a sampl ing t ime o f 
about It) h [5J. Such a long in terva l is in 
convenient in da i ly pract ice. However , i f the 
single sample G F R „ is calculated by the plasma 
sample taken at about 3 h after in jec t ion and 
corrected according to fo rmula (5 ) . rel iable 
estimates fo r the single sample G F R can be 
obta ined for CiFR values between 14 ml m in ' 
1.73 m and 12d m l m m ' 1.73 m ~. as shown in 
Fig. 5. The issue ot the sampl ing t ime is fur ther 
addressed in a separate art ic le [24| . 

The concept o f a single sample method for 
est imat ion ( i f CiFR is cer ta in ly open todiscussion. 
The most obv ious ob jec t ion is the greater 
chance o f e r ro r associated w i th the fact that one 
has to rely entirely upon a single plasma 
sample, as compared w i th the assumed safer 
mu l t ip le sample methods However , in our 
dailv wo rk we have too of ten exper ienced that 
an a r - m p i e d mu l t i p le sample test has left us 
wi th '.. an> result because o f unsuccessful 
b lood sampl ing. In the present study the repeat

ability of the multiple and single plasma sample 
methods was about equal, which indicates that 
the single plasma sample GFR is well-suited for 
routine use. 

Oedematous patients and premature babies 
were not included in this study. For these 
children the formula for the distribution volume 
(4) will not be valid, and GFR should, therefore, 
be determined by other methods. 

The agreement between the reference two 
plasma sample GFR, and the 3-h single plasma 
sample GFR in this study, was, however, 
obtained in the same group of patients that 
formed the basis for the formulae used in the 
calculation. In a further paper [24] we have 
applied these formulae to an entirely inde
pendent group of infants and children and a 
similar good agreement between the two GFR 
estimates was obtained. 
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A single plasma sample method for estimation of 
the glomerular filtration rate in infants and 
children using iohexol, II: establishment of the 
optimal plasma sampling time and a comparison 
with the "Tc m -DTPA method 
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Stake G. Monn E. Root welt K, MonclairT. A single plasma sample method for 
estimation of the glomerular filtration rate in infants and children using i-:hexol. 
I I : establishment of the optimal plasma sampling lime and a comparison with 
the ""Tcm-DTPA method. Scand J Clin Lab I nv^ i I W I ; 51: 343-34N. 

The glomerular filtration rate (GFR) can be determined from the plasma 
disappearance rate of the non-ionic contrast medium iohexol. A preceding stud\ 
established the empirical formulae enabling the development of a single plasma 
sample method for estimation of GFR in infants and children. In the present 
study the validity of these empirical formulae was confirmed in examinations in 
143 patients. The results of the single plasma sample method were similar to 
those of a standard , w Tc m -DTPA method, and also with those of a two plasma 
sample iohexol method. Evaluation of the results obtained with plasma 
sampling 1 h. 2 h. 3 h and 4 h after the injection of the contrast medium showed 
that the optimal sampling time was about 3 h after the injection. 

Key words: lohexol; urography; renal function 

(i Stake, MD. Department of Paedtutric Radiology. Rikshospitalet. (M27 (hlo 1. 
Norway 

Utilizing the non-ionic contrast medium iohexol 
(Omnipao,uc*\ Nycomcd A/S. Oslo, Norway), 
we have adapted Jacobsson's single plasma 
sample method | l | for determination of the 
glomerular filtration rate (GFR) to infants and 
children |2|. In the present study the empirical 
formulae established in our preceding article |2| 
have been tested in an entirely independent 
group of patients. 

With this method the single plasma sample is 
taken aboul 3 h after the injection of iohexol 
|2| However, since single plasma sample 

methods depend on the sampling time 11. 3. 4| 
we have also compared the results obtained 
with plasma sampling after I h. 2 h. 3 h. and 
4 h. In addilion the iohexol single plasma 
sample method was compared with ihe well-
established, multiple plasma sample ' "TC" ' -
DTPA melhod |5. 6|. 

M A T E R I A L S A N D M E T H O D S 

The material included 143 infants and children 
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FK; . 1. Age and sex distribution in 50 boys ( • ) and 
4h girls ( • ) in group I. 

admitted for urological disorders. They were in 
stable clinical condition with normal height/ 
weight proportions and none of them had 
edema. Premature babies were not included. 

Group 1 consisted of 46 girls and 50 boys 
undergoing urography with intravenous 
injection of iohexol. None of them were included 
in group 1 in the preceding article [2]. Their 
average age was 6±1 years (range 2b days-14 
years) (Fig. 1). body weight 23 + 2 kg (range 
4.1 -68 kg) and plasma creatinine concentration 
71+6 umol I ' (range 31-227 umol 1 '). 

The patients had their bowel emptied by a 
combination of a mild laxative and a rectal 
enema. They were fasted for 3 h before the 
intravenous urography, but were allowed to eat 
and drink freely after (he X-ray examination. 
Abdominal compression was used routinely. 

The amount of iohexol injected was measured 
in the syringes used and varied between 170 mg 
I kg ' body weight and 1170 mg I kg ' body 
weight. Following intravenous urography the 
iodine concentration was measured by X-ray 
fluorescence technique in plasma samples of 
I ml taken about 3 h and 4 h after injection of 
iohexol [7|. The counting time was 5 min. In 79 
of the children (subgroup la) a plasma sample 
was also laken about two hours after the 
injection: in addition 25 of the latter 79 children 
(subgroup lb) had another plasma sample 
taken already after about I h. These samples 
were used only for estimation of single sample 
f .FRv 

Group 2 included IS girls and 29 boys with an 
average age of f>z I years (range I - 13 years), 
body weight 22 + 2 kg (runge I I - 45 kg), and 
plasma creatinine concentration 85 ±9 jimol I ' 
(range 26-363 umol I ' } . 

F.le\en children received a single intravenous 
injection of ""Tc"'-DTPA (Amerscan Pente-

tate I I , Amersham International. Amersham, 
UK) 0.50 MBq kg ' body weight 4 h before a 
urography was performed with injection of 
iohexol 7(H) mg kg ' body weight. Twenty-five 
children received simultaneous injections of 
""Tc'"-DTPA 0.50 Mbq kg ' body weight and 
iohexol 175 mg I kg ' body weight, and I I 
children received simultaneous injections of 
w Tc m -DTPA 0.25 Mbq kg ' body weight and 
iohexol 700 mg I kg ' body weight for intra
venous urography. The injected amount of 
, w Tc m -DTPA was measured by counting and 
weighing. The radioactivity in six plasma 
samples of 2 ml. taken about 5. 15. 120. 150. 
180 and 210 min after the injection, was 
counted in a well scintillation counter. 

The iodine concentration was measured by 
X-ray fluorescence technique |7j in a I ml 
plasma sample taken about 3 h after the 
injection of iohexol. Before the injection of the 
isotope the children drank freely, but they were 
fasted during the examination time. The intra
venous urography was performed as described 
in group I. 

A cubital indwelling cannula was used both 
for injection and blood sampling. Special pre
cautions were taken to minimize the risk of 
contamination vith the marker substance [8|. 
Except for the contrast medium injected 
simultaneously with the isotope and the extra 
blood samples, all examinations were per
formed according to our routine procedures. 

The body surface area was determined 
according to Haycock et at. |9], and all GFR 
estimates are given per 1.73 m' body surface. 
Values are given as arithmetic means + I SF.M 
and/or range. The Wileoxon's signed-rank test 
for paired differences was applied for testing of 
significance. Using two-tailed test a probability 
of less than 0.05 was considered significant. 
Agreement between two measurements was 
estimated by (he method of Bland and Altman 
110]. Logarithmic transformed data were used 
for calculation of the 95% confidence interval 
I l»l 

The protocol was approved by the elhical 
commillee of the hospital, and in each case 
informed consent was obtained from the 
parents. 

Calculations 
The distribution volume, in ml (V). was 

calculated from the empirical formula |2|: 
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V = 23I * k g body weight f 1215 ar 
In group I the iodine concentrations measured 

in two plasma samples taken about three and 
four hours after injection of iohexol were used 
for calculation of the reference GFR for iohexol 
(CJFRK. t) according to an open one-compart
ment rrodel as described by Brochner-
Mortensi-n [111: 

G F R r i 

/Ot»; 

xO.(Mlt2IX 

P 

c-v 
The reference CiFR in group 2 (GFR , w Te" 1 -

DTPA) was estimated from the plasma elimina
tion curves of , w T c m - D T P A by a two-compart
ment model as described by Sapirstein ei at. 
| 5 . o | . 

In ull children a preliminary single plasma 
sample GFR (GFR„) was calculated according 
to Jacobsson's formula 111: 

G F R . . = 
I 

x In 
VxC„, 

( 3 ) ' 

'0 ,n, - in jected amount of iodine in mg; 
(',,,,-plasma iodine concentration in mg/ml ai time 

zero (intercept of back-extrapolated mono-
exponential line with the ordinate on a semi-
lopiiriihmie pint). 

Jl-tJupv i>i the moniK-xpiineniial line described 
ahove; 

t - the time in mm between iniectmn ol tohexol and 
blood sampling, 

<.',,,-plasma iodine eoment ral ion m mg m l 1 at 
time t. 

V -distribution volume n» nil 

and corrected, as previously described | 2 | . by 
the formula: 

C i F R w M , = l W M 4 . 1 Y 1 3 3 - G F R ^ ( 4 | * 

R E S U L T S 

In group I ( / i=%) the average reference, two 
plasma sample GFR (GFR,,.,) was 77 + * ml 
min ' 1.73 m : (range 13-125 ml min ' 1.73 
m : ) . 

The average 3 h single plasma sample CiFR 
(CiFR, 

sih) was 76+3 ml min l 1.73 m ~. The 
difference between the mean values for GFR K . , 
and G F R „ i h was (1.3 ml min ' 1.73 m - with a 
95% confidence interval from - I to 2"-.. (Fig. 
2). 

The average 4 h single plasma sample GFR 
(GFR„4h> was 77±3 ml min ' 1.73 m : . The 
difference between the mean values for GFR,,,, 
and GFR„..4h was - 0 . 4 ml min ' 1.73 m : with a 
957., confidence interval from - 2 to 2".. iFig. 
3). 

In subgroup la (n=79) the average reference 
two plasma sample GFR was 79 + 3 ml min ' 
1.73 m : ( r a n g e 16-125 ml min ' 1.73 m : ) . T h e 
corresponding 2 h single plasma simple GFR 
(OFR^hJ was 75±3 ml min ' 1.73 m : . The 
difference between the mean values for GFR,,, 
and GFR,on was 3.4 ml min ' 1.73 m J with a 
95% confidence interval from - 4 to 4"..; a 
significant difference with p<0.()5 (Fig. 4). 

In subgroup lb ( H - 2 5 ) the average I h. 2 h. 3 
h and 4 h single plasma sample GFRs expressed 
in per cent of the reference CiFR were 67±5 . 
96±2. 101 +1 and 103 + 2. respectively (Fig. 5). 
The I h single plasma sample CiFR was 
significantly lower than all the other GFR 

_0_ ^ _ Mcon-25D 

55 
CFR„ ( * CFR., 

-go* 
5 imi mm i r 

FM. 2 the ratio between ihe reference ( iFR |C iFR„ , l .mil the * 
against ih- ,i%cT,iiie of the methods in W» infants and children (group 
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: u r n | i i t - K „ ( l .mil tne * h. single plasma sample ( iFR t ( i f R . 
infants and children (group I) 
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estimalev The - h single pkisrmi sample CiFR 
wiis significantly lower ihan holh ihc 3 h and 4 h 
single siimpk' estimates, while it was no signi
ficant difference between the 3 h and 4 h single 
pliismu sample (JFR1* 

ln group 2 (w = 47) the average GFR deter

mined with i vol ope technique (CiFR" l t

m PH-A) 
was W»±4 ml mm ' 1.73 m : (range 14-141 ml 
min ' 1.73 m *>. The average .1 h single plasma 
sample CiFR was X3±4 ml min ' 1.73 m ; . The 
difference between (he mean values of the two 
OFR estimates was 3.2 ml min ' 1.73 m : with 
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Fit. 6 Ihe ratio between the reference GFR (GFR "VVIHI-A )and the 3 h, single plasma sample GFR 
(Gr R„, b) against the average of the methods in 47 children (group 2). GFR "V" mi',\ was estimated bei.ire 
GFR s., h in II children ( + ) and simultaneously with GFR„, h in 36 children (Of. 

*•)$% confidence intervals from —4 to 5% (Fig. 
6). This difference was not significant. 

D I S C U S S I O N 

This study confirms that the GFR in infants and 
children can be determined from a single 
plasma sample taken about 3 h after an 
intravascular injection of the non-tonic contrast 
medium iohexol. The empirical formulae 
necessary for calculation of a single plasma 
sample GFR were established in a preceding 
study [2], and their validity is confirmed in the 
present study. In % new patients (group I), 
none of whom were included in the material 
forming the basis for the formulae, a high 
degree of agreement was obtained with an 
established two plasma sample iohexol method 
11 lj In another group of 47 child re. (group 2) 
Mtnilur results were obtained when the 3 h 
single plasma sample GFR was compared with 
j sta-idard ""Tc'"-DTPA method (5. ft|. 

This study also shows that a sampling time at 
about 3 h cat! be used for GFR levels down to 
about 2) ml mm ' 1.73 m -. When plasma was 
sampled 2 h after the injeclion of the contrast 
medium the single plasma sample GFR was 
significantly lower than the reference GFR; the 
underestimation of the GFR being especially 
pronounced at GFR levels below 50 ml min ' 
1.73 m : (Fig 4». The GFR estimate by the 
single 1 h plasma >umple was clearly unusable. 

The present method for GFR estimation was 
made possible by the development of an easily 
managed X-ray fluorescence analyser for deter
mination of plasma todine concentrations, the 
ELX 84. (Elementanalys AB. Malmo. Sweden) 

[7|. The later model. Renalyzer PRX 90. 
(Provalid AB, Lund, Sweden) has a built-in 
computer that holds all the necessary formulae. 
i.e. formulae (2) to (4) in the preceding article 
[2|. Hence, the only data that have to be fed 
into the computer are age, height and weight of 
the child, time for injection, amount of contrast 
medium given, and the time for plasma sampling. 
The analyser can either operate on a single 
plasma sample basis, or with multiple plasma 
samples up to a total number of eight. 

The GFR is the best parameter for assessment 
of the renal function [12). and with the \ - r a \ 
fluorescence analyser at hand it was eas\ to add 
an estimate of the GFR to the radiological 
examinations with intravascular injection of 
contrast media. Initially, a two plasma sample 
method for infants and children was established 
[13. I4| . but the advantage of a single plasma 
sample method is evident. Vein punctures in 
children are annoying, and may be difficult. 
Multiple blood samplings often fail, even from 
indwelling cannulas. Although the same 
cannula can be used both for injection and 
blood sampling [8| the possibility of marker 
contamination of the plasma sample can never 
be excluded. It is. therefore, safer lo in)ect 
and sample by independent punctures. There
fore, our present routine procedure is to inject 
(lie co:i*rast medium in a peripheral vein 
through a small 'butterfly' needle, and to 
sample the plasma by another puncture, which 
is preferably combined with blood sampling for 
other purposes. 

Our GFR determinations were initially 
confined to patients undergoing intravenous 
urography. Later we have included children 
receiving iohexol for organ enhancement 
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during computed tomography. Most of these 
patients have malignant diseases that are 
treated with nephrotoxic drugs. A simple 
method for repeat estimation of the OFR is, 
therefore, of practical value. However, since 
adverse effects are rare with the non-ionic 
contrast media [ 14|, we have now also started to 
perform renal function studies in patients in 
whom no X-ray examinations are done. These 
patients receive smaller amounts of the contrast 
medium. As shown in the present study {group 
2). single sample GFRs with acceptable accuracy 
were obtained with an iodine dose of 175 mg 
kg ' body weight. In our study the downwards 
limitation of the iohexol dose was caused by the 
detection limit of the ELX M equipment. 0.033 
mg ml" 1 . It has. however, been shown that 
reliable GFR estimates can be obtained with 
much lower doses (about 20 mg 1 kg ' body 
weight) when the iohexol concentration in 
plasma is determined with high-pressure liquid 
chromatography technique [15|. The newer 
PRX 90-analyser. which has a detection limit of 
0.013 mg 1 ml ' has been shown lo provide 
reliable measurements down to plasma iodine 
concentrations of about 0.04 mg ml ' . From our 
data it can be calculated that patients with 
normal GFR receiving ŝ Omg I kg ' body weight 
will have plasma iodine concentrations above 
this level 3 h after the injection of iohexol. 

Both in the preceding article [2| and in this 
one the amount of data al very low GFR levels 
are sparse. There are few children with uraemia, 
and contrast medium examinations are rarely 
indicated in advanced renal failure. Very low 
GFR values should, therefore, for the time 
being, be interpreted with caution. 

In this study we have included babies with 
body weights as low as 4 kg. Smaller babies, as 
well as oedematous patients have not been 
examined. Hence, we cannot appraise the 
accuracy of our method in such patients. 
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The clearance of iohexol as a measure of the 
glomerular filtration rate in children with chronic 
renal failure 

G. STAKE. E. MONN.* K. ROOTWELTf & T. MONCLAIR* 
Departments of Paediatric Radiology. ^Paediatrics. fClinical Chemistry and tPaediatric Surgery. 
Rikshospitalet. University Hospital. Oslo, Norway 

Stake G, Monn E. Rootwelt K. Monclair T. The clearance of iohexol as a 
measure of the glomerular filtration rate in children with chronic renal failure. 
Scand J Clin Lab Invest 1992; 52: 729-734. 

The plasma clearances of technetium-99m-tabelled DTPA (|""Tc m | -DTPA) and 
the non-ionic contrast medium iohexol were estimated in 11 children with 
chronic renal failure for determination of the glomerular filtration rate (GFR). 
Equal values were obtained with the two substances provided plasma sampling 
was simultaneous, but when plasma was sampled within 3.5 h after injection of 
iohexol and [ ' ' 'Tcm | -DTPA the GFR was overestimated by more than 50%. For 
clearance values below 20 ml min ' 1.73 m - . valid GFR estimates were 
obtained both from two plasma samples taken 3 h and 24 h after the injection of 
iohexol and from a single plasma sample taken 24 h after the injection. 

Key words: clearance; glomerular filtration rate: iohexol: urography: \ - r ay 
nuorcscencc technique 

Ci. Stake, Ml), Department of Paediatrh Radiolufiy. Rikshospitalet, 0021 Oslo I. 
Norwav 

Jacohsson's method for estimation of the 
glomerular filtration rate (GFR) from a single 
plasma sample [1] has recently been modified 
for use in infants and children [2|. For GFR 
levels down to about 20 ml min ' 1.73 m : it was 
shown that GFR could be determined from a 
plasma sample taken about 3 h after injection of 
the non-ionic contrast medium iohexol (Omni-
paque. Nycomed, Oslo. Norway) [3|. In the 
present study we have evaluated the usefulness 
of the single plasma sample method in uniemic 
children. 

Previous investigations [I . 4 - 6 | have shown 
that during renal failure a later sampling time is 
necessary to obtain a correct GFR estimate. 
Therefore, one aim of this study was to 

establish the optimal time interval between 
iohexol injection and plasma sampling. 

P A T I E N T S A N D M E T H O D S 

Ten boys and one girl were included in the 
study. One boy (patient 7/10) was examined 
twice. None of the patients had oedema and all 
had normal body height/weight proportions. 
The average age was 9± I years, body weight 
27±3 kg and plasma creatinine concentration 
399±4« umol I ' (Table I). 

The plasma clearance of |*' , >Tcm |-DTPA 
(Amerscam Penteiate II. Amershnm Inter
national. Amersham. UK) was estimated in all 
the children (but only once in patient 7/10). 
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T A B U - I. Age. hodv weight, plasma creatinine concentration : 
and [""Tc'"|-DTPA in 11 children 

ind estimates of the plasma clearance of iohexol 

Crealinine 

lohexol [""Tc"']DTPA 

Crealinine 

lohexol 

Body concen Reference Two Single sample 
Patient Age weight tration;* clearance samples — - Six samplest 
no. (years) (kg) (umol l ' ) (3 to 24 hi (3 to 24 h) 3h corrected 24 h 0.1 l o3 .5h 

1 12 47 554(598) 4.1 4.1 8.2 2.2 10.4 
2 7 21 615(603) 5.7 5.ft III.8 4.6 9.3 
.1 9 19 523(561) 6.7 6.4 15.3 6.1 1(1.1 
4 9 18 521 (5411) 6.9 6.8 14.5 6.5 8.2 
5 7 27 312 15.6 15.2 23.2 16.7 22.(1 
ft I I 32 3ft3 13.2 I2.'J 16.1 13.9 14.1 
7* 5 14 227 11.6 11.1 17.7 12.1 — 8 5 25 16') 26. 9 26.7 31.1 2K.2 30.(1 
9 III 32 113 2K.4 24.7 26.11 29.5 29.(1 

Ki X 21 338(3171 12.0 11.5 23.3 11.7 22.(1 
l l 11 4.1 530(53')) 7.1 8.(1 1(1.9 7.7 16.1 (111.9) 
12 14 32 518 (5<KI) 111.5 III 1 13.5 11).X 18.0(13.6) 

'One patient was examined twice. 
^Values in brackets are plasma creatinine concentrations 24 h after the injection of iohexol. 
f Values in brackets are calculated from six plasma samples taken from a. I to 20 h after the injection of 

[""Tc"'|-DTPA. The reference clearance was estimated from all plasma samples taken between 3 and 24 h after 
injection of iohexol. Al l clearances in ml min ' 1.7.1 m ". 

Eight patients received 0.25 MBq per kg body 
weight; the remaining three (patients 5, I I and 
12) received 0.5 MBu, kg '. The amount of 
[""Tcm|-DTPA injected was measured by count
ing and weighing, and the radioactivity in six 
plasma samples of 2 ml, taken about 5. 15, 120, 
150. 180 and 210 min after the injection, was 
counted in a well scintillation counter for 10 
min for estimation of a standard [" vTcm |-DTPA 
clearance. Inpatients I I and 12 the radioactivity 
was also measured in plasma samples taken 
about 4. 5. K and 20 h after the injection. 

Al l children received a single intravenous 
injection of iohexol simultaneously with the 
radionuclide (patient 7/10 received iohexol only 
at the first examination). The injection time 
was 1 min. and the iodine dose, measured in 
the syringes used- varied between 2ft mg and 
700 mg per kg body weight. In an average of 
7.3±0.5 (range 4-9) plasma samples of 2 ml 
taken between 2 and 24 h after the injection, 
the iodine concentration was measured by 
X-ray fluorescence technique [7|. The counting 
time was 5 min. The plasma clearance of 
iohexol was estimated in all children, of whom 
four (patients 6-10) underwent intravenous 
urography (Table I). 

A cubital indwelling cannula was used for 
injection and blood sampling, and special 
precautions were taken to minimize the risk of 
contamination with marker substance [8|. 
There were no restrictions on food and fluid 
inlake in the seven children (patients 1-5. 11. 
12) undergoing clearance estimations only. The 
four children undergoing intravenous urography 
had their bowel emptied by a combination of a 
mild laxative and a rectal enema and they were 
fasted for 3 h before injection of [ l w Tc m l -DTPA 
and iohexol. Abdominal compression was used 
in three of them. After the X-ray examination 
they were allowed to eat and drink freely. 

In seven children (patients 1-4 and 10-12) 
the plasma creatinine concentration was also 
determined 24 h after the injection of iohexol. 

The body surface area was determined 
according to Haycock et at. [ u|. and all clearance 
estimates are given per 1.73 m" body surface. 
Values are given as arithmetic means ± I SEM 
and/or range. The Wilcoxon's signed-rank test 
for paired differences was applied for testing of 
significance. Using the two-tailed test a 
probability of fess than 0.05 was considered 
significant. Agreement between two measure
ments was estimated by the method of Bland & 
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Altman [HI], and logarithmic transformed data 
were used for calculation of the *J5% confidence 
interval [HI]. 

The protocol was approved by the ethical 
committee of the hospital, and informed 
consent was obtained from both the children 
and their parents. 

Calculation:; 

The plasma clearance of fTe^JDTPA was 
estimated from the plasma elimination curves 
by a two-compartment model as described by 
Sapirstein et al. [ I I ] and Rootwelt et ai [12]. 

The multiple plasma sample clearance of 
iohexol was determined according to an open 
one-compartment model as described by 
Brøchner-Mortensen [13|: 

/ 0 ( . „ x | i \ / O,..,*!^ 
C"l= ( ) XII.W07K- I PxlMXH2IK 

With this method six values were estimated in 
each child, depending on the sampling time and 
the numher of plasma samples used for the 
calculations. The plasma clearance estimated 
from all samples taken between 3 and 24 h 
(6.3±0.3 samples, range 4-7) was used as the 
reference value <C*lrvl). Clearances based on 
two plasma samples were calculated from the 
samples taken at 3 and S h. 3 and 24 h, 5 and 
24 h and X and 24 h after the injection. The sixth 
value was determined from the four samples 
taken at 12». 150. IX». and 21» min. which were 
also used for estimation of the standard 
[""Tc'^i-DTPA clearance. 

The single plasma sample clearance (Cl„) 
was calculated according to Jacobsson's 
formula [ I ] : 

1 / °-< \ C U * l n ( I ) ' 
' ^ V x C 1 M / 

+ ll.lMllfi 
V 

'Q, „ , - in jec ted «mount *if nnlinc in mg; 
(',,,,-pldsmii iodine concentration in mg ml ' al lime 

7cro (intcrcepl of buck-cxlnipolii ted mono-
cxponentml line wilh (he ordinate on a semi-
logarithmic plot); 

f t -s lope of the monocxponenlnil line described 
iibove, 

I - the time tn mm between infection n( iohexol ;imJ 
btood sampling, 

C I M = plusmi' iodine concentration in mp ml ' ai 
time t. 

V -d i s lnbu l i on volume in ml 

An empirical estimate for the distribution 
volume (V) was calculated from the following 
equation [2. 3]: 

V=23l x kg body weight + 1215 (2)* 

Single plasma sample clearances were calculated 
from the iodine concentrations measured in the 
plasma samples taken 3, 5, X and 24 h after the 
injection, without (Cl s s) and with (ClNSt.) 
correction according to the equation |2. 3|: 

C 'U* lWM4. lvTJ3- rL (3) 

R E S U L T S 

The average reference iohexol plasma clear
ance (Clu.,) was 12.5±2.3 ml min ' 1.73 m : 

(Table 1). 
There was no significant difference between 

the simultaneously measured (within 3.5 h) 
clearances of [ , |*'Tc , , ,|-DTPA (six plasma 
samples: 17.2+2.3 ml min ' 1.73 m : ) and 
iohexol (four plasma samples; I5.9±2.3 ml 
min ' 1.73m "). However, both these clearances 
were significantly higher than CI,,., (Table I). 
For Cl r v i levels below 2(1 ml min ' 1.73 m : the 
clearance obtained with the standard f T c " ' ] -
DTPA method was 66+15% higher, and with 
the contemporaneous iohexol method 46± 147.. 
higher than Cl u.,. With plasma sampling up to 
2» h (patients 11 and 12) the | , MTc"'|-DTPA 
results were about one-third higher than those 
obtained with the reference iohexol method 
(Table I). 

The clearance estimated from the two plasma 
samples taken 3 and X h after the injection 
(13.K+2.I ml min ' 1.73 m ") was significantly 
higher than C l l t t . However, there were no 
differences between ('!,,_., and the estimates 
obtained from the two plasma samples taken 
5 and 24 h (12.5 + 2.3 ml min ' 1.73 m : ) and 
X and 24 h (12.612.4 ml min ' 1.73 m : ) after 
the injection. 

The two-sample clearance ( C l t h , J 4 h ) esti
mated from the 3-h and 24-h plasma samples 
( l l .M±2. l ml min ' 1.73 m : ) was significantly 
lower (5± l%) than C I K l . The difference 
between the mean values of Cl, t.| and CK I,*M h 
was0.5mlmin ' 1.73m -'with a V5% confidence 
interval from - 2 to W». 

Both the 3-h single plasma sample clearance 
(0.1±3.2 ml m i n ' 1.73 m :> and the 3-h 



732 (i. Stake et al. 

corrected (by equation 3) single plasma sample 
clearance (17.6±2.0 ml min ' 1.73 ni 2 ) were 
significantly different from Cl IL.|. The 5-h single-
sample value (7.6+3.4 ml min ' 1.73 m ") was 
significantly lower than Cl r v , while there was no 
significant difference between Cl t 0 ) and the 8-h 
single plasma sample clearance (11.3±3.1 ml 
min ' 1.73 m : ) . When the 5-h and 8-h single 
plasma sample values were corrected according 
to equation (3). both corrected values were 
significantly higher than C\Kt, 22.3±2.2 ml 
min ' 1.73 m : and 24.6±2.l) ml min ' 1-73 m -
respectively. 

There was no significant difference between 
the (uncorrected) 24-h single plasma sample 
clearance (12.5±2.5 ml min ' 1.73 m 2) and 
Cl f l.,. The difference between the mean values 
of Cl„ t and C L 21 h) was O.U5±0.3 ml min ' 
1.73 m : . The corrected (by equation 3) 24-h 
single plasma sample value (25.3±l .6 ml min ' 
1.73 m : ) was significantly higher than C l r c l . 

In patients 1-4 and 10-12 (n=7) the plasma 
concentration of creatinine was similar before 
and 24 h after the injection of iohexol, 514±32 
umol 1 ' and 522±37 umol I ' respectively 
(Table I). 

D I S C U S S I O N 

It is well established that late plasma sampling 
is a necessity for correct estimation of the 
glomerular filtration rule when plasma dis
appearance methods are used in patients with 
renal failure [I . 4 - 6 | . The present study 
confirms that this is true also in children. 

At OFR levels below 2(1 ml min ' 1.73 m -
the standard [""Tcn ,]-DTPA method (with 
plasma samples taken wiihin 3.5 h after the 
injection) ovt.c.,::.^ ""d the GFR by more than 
50"/,,. Thus the standard f T c ' ^ - D T P A method 
should not be used for estimation of GFR in 
uraemic children. With later sampling times, 
however, the results in patients 11 and 12 
indicate thai the accuracy of the [""Ti^J-DTPA 
method increases. A similar conclusion can also 
be drawn from the results obtained wilh 
iohexol. When the four early plasma samples 
(2 to $.5 hj were used the ( iFR was over
estimated by nearly 50%. This indicates 
thai the inaccuracy of the two sets of results are 
related to the early sampling lime, and m»t 10 
the marker substances themselves. 

Our results confirm the importance of using 
an appropriate sampling time for the single 
plasma sample method: with decreasing GFR 
values a longer interval between the injection 
and the plasma sampling is needed. The results 
also show that correction equation 3, which was 
developed for a sampling time of about 3 h and 
for GFR levels above 20 ml min ' 1.73 m 2 | 2 | . 
cannot be used in uraemic children. It is further 
shown that when GFR is below 20 ml min ' 
1.73 m 2 the time interval between injection 
and plasma sampling should be longer than 3 h. 
In most of these patients valid GFR estimates 
will be obtained from a single plasma sample 
taken 24 h (C l^ : 4 h ) after the injection of 
iohexol. However, in the few children with very 
low GFR (below 5 ml min ' 1.73 m 2 ) the 
optimal sampling time would be still later. This 
is illustrated in patient 1. in whom the consider
ably underestimated C l „ : 4 h (Table I) probably 
indicates that the plasma had been sampled too 
early. According to Jacobsson f l | the optimal 
sampling time for the actual GFR level would 
have been 44 h. 

The multiple plasma sample method has the 
advantage of being independent of the empirical 
formula (equation 2) for the distribution 
volume of iohexol [2, 3j , and the present study 
confirms that two plasma samples suffice for the 
purpose |5 , 8. 14|. provided that the sampling 
time is appropriate for the actual GFR level. 
Thus, both the 5 h and 24 h, and the 8 h and 
24 h clearances were almost identical to the 
reference iohexol clearance. 

For practical reasons the 3-h and 24-h iwo 
plasma sample clearance ( C ' l , h t i 4 h ) has 
been given special attention. The single plasma 
sample method for estimation of GFR levels 
above 20 ml min ' 1.73 m : is based upon a 
sample taken about 3 h after the injection of 
iohexol [2. 3 | . and it is convenient to maintain 
3 h as the time for the first plasma sampling in 
all patients. It is true (hat the 3-h (corrected) 
single plasma sample value should not be used 
at low GFR. however valid GFR estimates are 
obtained when the 3-h sample is combined with 
a later additional sample. Although the 3-h and 
24-h clearance were sigmf'Ln :ly lower lhan the 
reference clearance ihe difference was only .*»"'... 
which is considered to be without clinical 
importance. 

ft i> well established that contrast media may 
exert nephrotoxic effects 115|. But (he frequency 
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with which they occur, the identification of the 
patients at risk and their predisposing conditions 
are matters of dispute | l o - l u | . However, 
children seem to be less prone to this compli
cation, and we have not been able to find 
reports of severe nephrotoxic effects in this age 
group following injection of non-ionic contrast 
media. In our study the plasma concentration of 
creatinine was not significantly increased 24 h 
after the injection of iohexol in the seven 
patients examined. These children had an 
average GFR of 7.7 ml min ' 1.73 m 2 . and it 
can be calculated that a 50% GFR reduction of 
24 h duration would have increased their 
plasma creatinine concentration by at least 25(1 
jimol I '. 

Children with chronic renal failure rarely 
undergo X-ray examinations with injection of 
contrast media. On the other hand, estimation 
of the plasma clearance of a contrast medium 
with X-ray fluorescence technique is easily 
performed and may be an alternative to the 
high-pressure liquid chromatography [2D] or 
radionuclide methods [21 J. However, because 
of possible nephrotoxic effects of iohexol [1S| 
the dose should be kept as low as possible. A 
practical problem then arises as the dose neces
sary to ensure an adequate plasma iodine 
concentration 24 h after the injection depends 
on the GFR. which is to he measured. Calculated 

according to Jacohsson's formula [ 11 the iodine 
dose needed to obtain a concentration of 0.05 
nig I ml '. which is equivalent to three times the 
detection limit for the X-ray fluorescence 
equipment (Renalyzer PRX 90; Provalid AB. 
Lund. Sweden) [3|. is shown in Figure I. 
Although the plasma creatine concentration is 
generally a poor indicator of the GFR [22|, it is 
more predictive in the low GFR range. Thus, in 
adults a concentration above 250 jiniol I ' wil" 
indicate a GFR of less than 25 ml min ' [23] In 
our experience a plasma creatinine concent ration 
of 200 [imol I ' in children will correspond to a 
GFR below 20 ml min ' 1.73 m -. Heno. for 
plasma creatinine concentrations above 200 
u.mol I '. and if the sampling time is planned to 
be 24 h. it is appropriate to use an iohexol dose 
corresponding to 175 nig I kg ' for a patient 
weighing 10 kg (corresponding to a 1 to 2-year-
old child), linearly decreasing to about I(H> 
m g l k g ' for a 50 kg patient (Fig. 1). 

The results of the present study can be 
summarized in the following recommendations: 

1. In children with a plasma creatinine concen
tration above 200 [imol I ' the plasma 
clearance of iohexol can be estimated from a 
single plasma sample taken 24 h after the 
injection. 

2. If the plasma creatinine concentration is not 

20 30 40 
Body weight (kg) 

50 

Fid I 1'hc calculated MHIIIU times needed I» ohlam .i plasma iodine citmenlralion of 0 05 mp nil ' 24 h 
after intravascular intcctum uf utheiul lur CiFR levels (rom 5 ml mm ' 171m ' i n 2*> ml mm ' 1 7} m 
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known in advance, and the corrected 3-h 
single plasma sample clearance (calculated 
from the equations 1-3) is below 25 ml 
min ' 1.73 m ", an additional plasma sample 
should he taken 24 h after the injection. Two 
valid estimates will then be obtained, the 
first from the 3-h and 24-h two plasma 
samples and the second from the 24-h single 
plasma sample. 
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