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Summary
Clinically, the commonly used routine test for assessing
impaired renal function is the determination of creatinine
clearance. The traditional 24 hour urine collection method is
unreliable and inconvenient, particularly in ambulatory
patients and outpatients because of errors in collection, timing
of collection, and measurement of urine volume. The purpose
of this study was to evaluate the possibility of determining
creatinine clearance from urine collected for less than the
traditional 24 hours. Thirty clinically healthy adult subjects
with no history of renal dysfunction were used for the study.
Each of the subjects had his creatinine clearance determined
from 4 hour, 20 hour and 24 hour urine collections as well as
from the formula of Cockcroft and Gault. The mean creatinine
clearance obtained from 4 hour urine collection (male=92.8mV/
min/1.73m? & female = 84.5 ml/min/1.73 m?) and 20 hour
urine collection (male = 98.9 ml/min/1.73 m? & female =
88.6ml/min/1.73 m?) shows no significant difference from
that obtained from the traditional 24 hour urine collection
(male = 97.9 ml/min/1.73 m? & female = 88.1 ml/min/1.73
m?) (P >0.05). We therefore suggest that determination of
creatinine clearance from fewer hours of urine collection
especially in patients with renal impairment be explored
towards their adaptation to routine practice.
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Résumé

En clinique, le tert de routine pour evaluer la fouction nenale,
est ladetermination de la clarance de creatinine. La traditionalre
deivine de 24hewies n’est pas satifaisante, et pas comode
pour les patients ambulations, ct les patients externes a cause
des evaves de recotte, les heuse de recolte, et la mesure de
volume. La portee de ette etude etait d’evoluer la possibilite
de determiner la claviana de creatine dans I’wine recoltee
pendant mouis que les traditionnellis 24 hewies. 30 adults
cliniquement bieu portant san anteledant de troubles reinaux
out ete utiliese pour ete etude. Chaviance de chaque sujet a
ete evaluee pour la dewiere 4 heures, 20 heures et 24 heures,
selon la fovnute de cockgoft et Gault. La claviana moyennae
pour I'wire de 4 hewies (homes: 92.8ml/min/1.73m" et
femwes=84ml/min/1.73m2 et pour I’wire de 20 hewies =
98.9ml/min/1/73m3 femmes=88.6ml/min/1.73m2) n’out
moutre aucune difference significative,de I'wire de 24 hewies.
(Homues = 97.9ml/min/1.73m2 et femmes = 88.1ml/min/
1.73m2) P>0.05). Nous proposons aiusi que ladetermination
de la chairance de creatinine fairte sur quelques heweis,
speciallement chez les patients insuffisant renaux sort
consideree en vue etre adoptee dans Ja pratique qustidienue.
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Introduction

Based on the theory of “intact Nephron hypothesis”
assessment of Glomerular Filtration Rate (GFR) by
determining the creatinine clearance has become a prominent
investigative tool for evaluating renal function in clinical
practice. From procedural point of view, two factors influence
measurement of creatinine clearance and thus its correct
interpretation. First, the most common methods for
measuring creatinine employ the non-specific alkaline picrate
reaction and thus non-creatinine chromogens in plasma
increase the apparent plasma concentration by as much as
30% if serum valucs are <530 Fmol/L and by approximately
10% if values are >530Fmol/L. The percent increase is
progressively less with higher serum creatinine
concentrations[1]. (Urine contains considerably less non
creatinine chromogens). This overestimation of plasma
creatinine concentration results in an underestimation of
creatinine clearance and partially offsets the apparent high
clearance of creatinine that is due to tubular secretion. Asa
result, the endogenous creatinine clearance, by coincidence,
agrees closely with the inulin clearance over a substantial
range of clearances [2].

Second, and a persisting problem is the accuracy of
the traditional 24 hour urine collection for the measurement
of creatinine clearance which depends on a meticulous urine
collection which actually is not possible without carrying out
bladder catheterization. Due to this inadequacy and other
difficulties in collection of urine like timing of collection
measurement of volume, an error of about 20% has been
noted in the determination of creatinine clearance using a 24
hour urine collection [3].

The persistent problem has led to the use of different
approaches which are based on disappearance from serum of
a radio isotope labelled substance solely eliminated by
glomerular filtration and/or the use of derived formula for
predicting creatinine clearance from serum creatinine and other
variables (including age, height and body weight) which are
known to affect the creatinine clearance. The main drawback
of this alternative approach is the cost of equipment and
difficulty with sourcing constant supplies in the Nigerian
setting. Also important is the problem of storage, and safety
in handling of radioactive substances.

The possibility of obtaining a significant value from
4 hour urine collection has been mentioned [4], this study
was therefore designed to evaluate the possibility of
determining creatinine clearance from 4 hour and 20 hour
urine collections as well as from the formulae of Cockeroft
and Gault [5].

Materials and methods

Study group

A total of 30 clinically healthy adult subjects with no medical
history of renal impairment were used for this study, after
obtaining the approval of the research, and ethical committee.
19 of them were males and 11 were females, they were all
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members of the University of Ilorin community. lnform_ed
consents were obtained from all the subjects. Those with
history or clinical evidence of renal impairment were c>.(cludcd.
The subjects were not on drugs such as cxmetldmct co-
trimoxazole and diuretic which are known to affect creatininc
clearance. Fluid was allowed frecly. The height (centimetres),
age, (years) and weight (kilograms) of cach subject were
recorded for surface area determination from nomogram.

Collection of blood sample and treatment

Ante cubital vein area was disinfected with methylated spirit
and Sml of venous blood was collected at about the mid-point
of the 24 hours urine collection period for the sake of
consistency.

The blood sample taken into a plain specimen bottle
was first allowed to clot and retract before it was centrifuged
for 10 minutes at 2500-3000 r.p.m. Serum was separated
into clean covered serum bottles and frozen immediately at -
20°C till the following day when analysis could not be done
the same day.

Collection of urine sample and treatment

The subjects were given two 2-litre plastic containers each.
One for the 4 hour and the other for the 20 hour urine collection
after the procedure for collection of Rock and Walker et a[".
The first 4 hours of the urine collection period was taken as
the 4 hour period in one of the 2 litre bottles, and the collection
was continued for further 20 hour in the other 2 litre plastic
bottle to complete the 24 hour period. Subjects were given a
funnel each for proper collection and were asked to report
any urine loss or error in collection.

The volume of the 4-hour and 20 hour urine samples
were measured while that of 24 hour urine was calculated.
Aliquots of the 4 hours and 20 hour urine were taken. The
two were later mixed and an aliquot taken for the 24 hours
sample. This was done to remove possible problems that
daily variations could have brought on the result of this study.
All Aliquots were frozen at -20°C overnight when analysis
was not done immediately.

Determination of creatinine

This was done using the alkaline picric acid method otherwise
known as the Jaffe reaction[7). The principle of the method
is that creatinine gives a red colour with alkaline solution of
picric acid which is measured colorimetrically at 520nm. The
samples were stored frozen overnight when analysis were
not done immediately. The samples, both urine and blood,
were allowed to thaw and equilibrate with room temperature
before assayed.

The clearance was calculated using the formula
C =U«xV
cr o

(ml)

S xh )6( T
xhx6Q
cr }ng)3
where C_ = creatinine clearance
U, = concentration of creatinine in urine (Fmol/1)
V' = volume of urine in millilitre (ml)
S.= concentration of creatinine in serum (Fmol/1)
h = The period of collection of urine in hours
= surface area of the subject

The surface area of the subjects was determined from
nomogram by using their heights in centimetres and weight in
kilogram that were previously recorded.
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Cockeroft and Gault formula
(140- Age) x weight - for male
Scrx 72

(140 - Age) x weight - for female
Scrx 85

Statistical analysis

Statistical analysis was carried out in an IBM-compatible
Personal Computer using EPI info version 6.1 which is a
database and statistical software developed by the Centre for
Disease Control, Atlanta, Georgia, United States of America.
A one-way analysis of variance was carried out on the
creatinine clearance values. After establishing that the variables
conform with normal distribution: a further evaluation of the
variables was done in which the student t-test was used to
determine the level of significance for the mean values of
creatinine clearance of the 4 hour, 20 hour and 24 hour urine
collection and also for the creatinine clearance obtained through
formula. The statistical significance was accepted at the
P<0.05 level.

Results

Thirty clinically healthy subjects were used for this study.
None of them reported any loss or error.during urine collection.
Details of their mean ages, mean weight, mean height, mean
value of serum creatinine concentration and sexes are
displayed in Table 1. Table 2 shows the mean urine volume,
mean urine creatinine concentration and mean creatinine
clearance for 4 hour, 20 hour and 24 hour urine collections.

Table 1: Mean age, weight, height and serum
creatinine concentration

Male Female
Mean Age years (SD) 25.63 (3.02)  23.36 (2.06)
Mean weight kg (SD) 62.0 (6.15) 59.5(7.02)
Mean Height cm (SD) 168.97 (9.00) 161.09 (8.13)
Mean serum creatinine
concentration Fmol/L (SD)123.6 (6.13)  113.3 (5.46)

Table 2: Mean values for urine volume and urine
creatinine concentration

4 hrs 20 hrs 24hrs
Mean Unine
(ml)(SD) 218.6 205.7 1003.7 1077.5 1221.2 1282.5
(74.8) (42.9) (314.2) (190.6) (346.9)
(193.6) Mean Urine
creatinine
concentration
(Fmol/L) 13903.110612.5 15892.8 11401.6 15498.9 11333

(4650)(3778)  (59078) (16769)  (5676.9) (14389)

Endcgenous creatinine clearance

Table 3 shows the analysis of variance of the mean
values of the various creatinine clearance results. This shows
that lumped together there is no statistically significant
difference among the values (F-0.066). However, a further
evaluation with student-test is recorded in Table 3.

Table3:  Analysis of variance for mean creatinine
clearance values ———
Sour.cc of Degree of  Sumof Mecans Varance F
varaince freedom squarc _ squarc  ratio

Tlmc ) 25,529  510.6 1.266 0.066
Residual 108 43552.32 241.98

Total 111

69081.32




Creatinine clearance: alternative approach

Table 4 shows the mean creatinine clearance, range
of clearance, standard crror of the mean, standard deviation
and P-value for the 4 hour, 20 hour and 24 hour.urinc
collections and also that of formula. The mean creatinine
clearance from 24 hour urine collection of 97.9ml/min/1.73m?
for male and 88.1 mI/min/1.73m? for female served as the
reference values against which other values are compared.

For the 20 hour urine collection in both sexcs, the
mean creatinine clearance values of 98.9 ml/min/1.73m? for
male and 88.6 ml/min/1.73m? for females are not significantly
different from the 24 hour mean creatinine clearance. The
mean creatinine clearance values for 4 hours urine collection
in both male and female were found to be 92.8 ml/min/1.73m?
and 84.5 ml/min/1.73m?, respectively. Values of P>0.05
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collection from their preliminary report [4]. This study is in
agreement with the works of the above mentioned workers
that there is no statistically significant difference in the
creatinine clearance obtained from 4 hour urine collection when
compared with that of 24 hours. Also this study shows that
the creatinine clearance obtained from 20 hour urine collections
(98.9ml/min/1.73m? malc and 88 ml/min/1.73m? female)
demonstrated no statistically significant difference when
compared with that obtained from 24 hours with P-value
>0.05.

However, there was a significant difference in the
mean creatinine clearance of both male and female subjects
when the values obtained in the formula calculation was
compared with the 24 hour urine collection using the Cockcroft

Table 4: Mecan creatinine clearance

24hr urine 20 hr urine 4 hr urine formula

collection collection collection

Male Female Male Female Male  Female Male Female
Mean creatinine
clcaran)cc (ml/min/
1.73m'SD) 97.9 88.1 98.9 88.6 92.8 84.5 70.5 .63.6

(16.99) (11.98) (18.13) (12.90) (17.91) . (10.76) (9.18) -(6.84)
2 SEM 7.79 7.10 8.78 7.78 8.22 11.00 4.21 4.13
Range 97-137 71-114 75-144 72-120 63-143  64-97 50-91. 56-80
P-value >0.05 >0.05 >.05 >.05 >.05 >.05 <.001 <.001

(male) and P>0.05 (female) were obtained when compared
with values from 24 hour urine collections.

However, the creatinine clearance values of 70.5 ml/
min/1.73m? for male and 63.6 ml/min/1.73m? for female
subjects obtained from the use of the Cockcroft and Gault
[5] were significantly different from the mean creatinine
clearance from 24 hour urine collection with P-value of
P<0.001 for male, and P<0.001 for female subjects.

Discussion

Following the success of Miller and Winkler in 1938, the
clearance of endogenous creatinine became widely applied in
chnical and scientific work as the standard procedure for the
assessment of glomerular filtration rate [3]. Several authors
have compared creatinine clearance with glomerular filtration
rate (GFR) measured as inulin clearance. While a few found
a close approximation [8,9,10,11], most have demonstrated
that endogenous creatinine clearance is an inaccurate estimate
of GFR [12,13,14,15,16,17,18].

In normal (healthy) individuals as a result of low
serum creatinine concentration the contribution of the non-
creatinine chromogens cancels out the adverse effect of tubular
secretion on the usc of creatinine clearance for assessing GFR
[2.19], thus leaving only the procedural problems associated
with difficulties in collection of uring, like timing of collection,
measurement of volume which Miller and Winkler reported
to account for an error of up to 20% in the calculation of
creatinine clearance value.

In an attempt to reduce the error associated with the
traditional 24 hour urine collection, Richardson and Philbin
reported a good correlation between creatinine clearance
calculated from 1 hour urine collection [20] while Odutola
and Adoun also proposed caleulation from 4 hour urine

and Gault formula (P<0.001 for males and P<0.001 for
females). This is in agreement with the conclusion of Taylor
etal [21] who also observed that formula alone is not a good
measurement of creatinine clearance. Many workers [10,22]
have since suggested that pitfalls like differences in the quality
and quantity of protein intake will affect the weight of the
subjects even if they had the same quantity of serum
creatinine. This study considering the heterogenous
background of the people in the university community agrees
with this line of reasoning.

In conclusion, this study shows that deriving
creatinine clearance from formula alone is not adequate.
Creatinine clearance obtained from 4 hour and 20 hour urine
collections in clinically healthy subjects do not show any
statistically significant difference from the value obtained from
the traditional 24 hour urine collection. It is therefore being
recommended that urine collection for a shorter period with
its attendant cost effectiveness and convenience be considered
for further studies.

References

| Rock RC, Walker WG Jennings CD: Nitrogen me
tabolites and Renal function. In: Tietz NW, editor.
Fundamentals of clinical chemistry. Philadelphia:
W.B Saunders Company, 1987; 669-704.

2 Miller BF, Winkler AW: The renal excretion ofen
dogenous creatinine in man. Comparison with ex
ogenous creatinine and inulin. J Clin Invest 1938;

17:31-40.

3 Kampmann JP, Hansen JM:GFR and creatinine
clearance. BrJ Clin Pharmacal 1981;12.7-14.

4 Odutola TA. Adoun V: Endogenous creatinine clear

ance. Nig Qt J Hosp med 1997; 7:193-194.



30

~J

S.A. Adebisi, B.A. Adekunle and A. K. Etu

Cockcroft DW, Gault-MH: Prediction of creati
nine clearance from serum creatinine. Nephron 1976;
16:31-41.

Young DS, Petamer LC, Gibbermal: Effect of Drugs
on clinical laboratory test. Clinical chemistry 1972;
18:1041-1303.

Jaffe M: Uber den Niederschlag welchen Pikrinsaure
in normalen Harn erzeugt und Uber cine ncue
Reaktion des Kreatinins. Z physiol chem 1986:10
1391,

Steiniz K: Turkand H: The determination of the
glomerular filtration rate by the endogenous creati
nine clearance. J Clin Invest 1940; 19:285-298.
Brod J, Sirota JH: The renal clearance of endog
enous creatinine in man. J Clin Invest 1948: 27:
645-654.

Tobias GA, Mclaughlin RF, Hopper J: Endogenous
creatinine clearance. New EnglJ Med 1962;
2066:317-323.

Bennett WM, Porter GA: Endogenous creatinine
clearance as a clinical measure of glomerular filtra
tion rate. Br Med J 1971; 4:84-86.

Miller BF, Leaf AL, Mamby AR, and Miller Z:
Validity of the endogenous creatinine clearance asa
measure of glomerular filtration rate in the discased
human kidney. J Clin Invest 1952 31: 427-465.
Mandel EE, Jones F, Willis MJ, and Cargill WH:
Renal excretion of creatinine clearance and inulin in
man. J lab Clin Med 1953; 42:621-637.

14

19

22

Berlyne GM, Nilwarangkur S, Varley H and Hoerni
M: Endogenous creatinine clearance and glomeru
lar filtration ratc. Lancet 1964; ii: 874-876.
Levender S, Hilton PJ, Jones NF: The measure
ment of glomerular filtration rate in renal disease.
Lancet 1969; i1: 1216-1219.

Kim KE, Onesti G, Ramirez O, Brest AN, and
Swartzc: Creatinine clearance in renal disease. A
reappraisal. Br Med J 1969; 4:11-14.

Skov PE: Glomerular filtration rate in patients with
severe and very severe renal insufficiency. Acta
med scand 1970; 187 : 49-428.

Hagstam KE, Nordenfelt I, Svensson L and
Svensson SE: Comparison of different methods for
determination of glomerular filtration rate in renal
discase. Scand J Clin lab med 1974; 34:31-36.
Andrew SI, Ronald DP, Nicolas EM: Serum creati
nine and renal function. Ann Rev med 1998:39:465-
490.

Richardson JA, Philbin PE: The one- hour creati
nine clearance rate in healthy men. J Am med Ass
1971:216:987-990.
Oladunni Taylor EA, Bamgboye ABO, Oyediran
O, Longe O: Serum creatinine and prediction for
mulae for creatinine clearance. AfrJmed Sci 1982
11:175-181.

Doolan PD, Alpan NL, Theil GB: A clinical
appraisal of plasma concentration of creatinine.
AmJ med 1962; 32:65-79.



