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Hospital Practice

Estimation of glomerular filtration rate from the serum

creatinine concentration

Stephen A. Smith

Department of Medicine, Flinders Medical Centre, Bedford Park, South Australia

Summary: In patients with renal failure the dose of renally excreted drugs should be reduced in
proportion with the degree of impairment of glomerular filtration: in this situation it is appropriate
to measure the glomerular filtration rate in order to determine accurately the correct dose. However,
as 24 hour urine based creatinine clearance measurements are time consuming and inaccurate, the
parameter most often used to estimate renal function in clinical practice is the serum creatinine
concentration. An isolated serum creatinine concentration is unsatisfactory for this purpose as it
depends on creatinine production, which is related to muscle mass, as well as on renal elimination of
creatinine.
A variety of formulae and nomograms have been devised to assist clinicians in predicting the

glomerular filtration rate from a stable serum creatinine concentration and the patient's sex, age and
weight (or height). Although some of these formulae have been available for over 15 years, the
majority of doctors cannot estimate accurately the glomerular filtration rate from these parameters.

It is proposed in this paper that biochemistry results computers should employ one of these
formulae to calculate the glomerular filtration rate/70 kg, using the age and sex information provided
on the request form, each time a serum creatinine concentration is reported. These formulae are

invalid in several well defined clinical situations which could be briefly outlined on the report.

Introduction

An accurate estimate of renal function is a vital
tool in the management of patients with renal
disease or when prescribing potentially toxic drugs
that are excreted by the kidney. For this purpose it
has been traditionally appropriate to measure or to
estimate the glomerular filtration rate. Twenty four
hour creatinine clearance measurements can be used
to estimate glomerular filtration rate but the
technique is time consuming, inconvenient and
frequently inaccurate.1'2
Thus the parameter most often used to estimate

renal function in clinical practice is the serum
creatinine concentration. Unfortunately serum
creatinine concentration, when considered in
isolation, is unsatisfactory as it is not directly

related to the glomerular filtration rate. Serum
creatinine concentration depends upon the balance
between the production of creatinine and its
excretion by the kidneys. Creatinine production is
largely determined by muscle mass, which in turn is
related to age, sex and weight, and will vary from
patient to patient. In addition serum creatinine
concentration is related to glomerular filtration rate
in a reciprocal fashion; when renal function is
normal or only mildly impaired, small changes in
serum creatinine concentration represent large
changes in glomerular filtration rate. In patients
with renal impairment, the dose of renally excreted
drugs should be reduced in proportion with the
reduction in glomerular filtration: in this situation
it is necessary to measure or estimate the
glomerular filtration rate in order to determine
accurately the appropriate dose.

- Most biochemistry laboratories produce normal
ranges for their serum creatinine assay based upon
the mean+2 standard deviations of the results
obtained from a large, it is hoped, heterogeneous
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population. This leads to the erroneous belief that
all patients with serum creatinine values within the
normal range have normal renal function.
Thus clinicians will be misled greatly if they base

their clinical assessment of a patient's renal function
on the serum creatinine concentration without fully
understanding the effects of muscle mass on this
parameter.

Can clinicians accurately estimate renal function
from the serum creatinine concentration?

The importance of this problem is illustrated by the
results of a postal survey that I conducted in a
large British teaching hospital. A questionnaire
was sent to 128 doctors (both junior and senior),
working in clinical, medical and surgical specialties,
outlining details of the ages, sex, weights and serum
creatinine concentrations of five hypothetical
patients (Table I). The doctors were invited to
estimate each patient's renal function, in terms of
glomerular filtration rate, from these parameters.
The correct answers were determined using an
empirical formulae described by Hull et al.3 as
follows:

GFR(m)/70 kg= 88 x( g 3
Crs

GFR(f/70 kg= 0.85(GFR()/70 kg)
where GFR(m) was the glomerular filtration rate for
men (ml/min), GFR(f) was the glomerular filtration
rate for women (ml/min) and Cr, was the serum
creatinine concentration (pmol/l).

Figure 1 shows individual estimates of glomerular
filtration rate for each of the five patients. The most
striking feature was the wide scatter of answers. The
majority of doctors overestimated glomerular
filtration rate in patients 1, 3, 4 and 5 by failing to
account for increased age (patient 5), low weight

Table I Characteristics of the 5 hypothetical subjects
included in the questionnaire. Doctors were invited to
estimate glomerular filtration rate. The answers are shown
in Figure 1.

Subject Age Sex Weight Serum creatinine
number (years) (M/F) (kg) (umol/l)

1 51 F 75 85
2 22 M 95 140
3 18 F 60 160
4 40 F 55 110
5 78 M 65 170

-c 150
E
E 120
QD

u 90

E O_= 60
L w

L 30

E
0)

1. . 2 ..3 4 5..

Patient number

1 2 3 4 5
Patient number

Figure 1 Individual estimates of glomerular filtration
rate for each of the 5 patients described in Table I. The
correct answers+ 20% are shown by the shaded areas.
The vertical bars represent the mean + s.d.

(patient 4) and female sex (patients 1, 3 and 4).
Most underestimated the glomerular filtration rate
in patient 2 for the same reasons.

It appeared that many doctors had considerable
difficulty in accurately interpreting the serum
creatinine concentration. Whilst some of the
estimates of glomerular filtration rate were
reasonably close, many more were so inaccurate
that prescription of appropriate doses of renally
excreted drugs such as digoxin and aminoglycoside
antibiotics by these doctors would be more a matter
of chance than of judgement.

Using serum creatinine concentration to estimate
glomerular filtration rate

Creatinine clearance, traditionally regarded as the
best method for determining glomerular filtration
rate in routine clinical practice, is imprecise and
unpredictably inaccurate. Errors may arise because
of active secretion of creatinine by renal tubules, 4'5
inaccurate urine collection6'7 and fluctuations in
serum creatinine throughout the day.8'9 Creatinine
clearance measurements made using routine
laboratory services and hospital outpatient facilities
have coefficients of variation as high as 27%,2
whereas isolated serum creatinine concentrations
have day to day coefficients of variation of
approximately 7%.10
The idea of using single serum creatinine

concentrations to' determine glomerular filtration
rate is attractive as many of the problems inherent
in the measurement of creatinine clearance are
avoided. The main difficulty with using serum
creatinine concentrations has been correcting for
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the influence of muscle mass. One solution would
be to produce separate series of reference ranges for
men and women of different ages and weights.
These reference ranges are not yet complete
although some work has been published in this
area.11-15
An alternative approach has been to devise

formulae or nomograms that compensate for
variations in creatinine production and allow
prediction of glomerular filtration rate from a
subject's age, sex and weight (or height) and a
stable serum creatinine value. Several such formulae
have been proposed over the last 15 years.3'16-24
They have all been derived empirically and then
tested prospectively by comparing their results with
creatinine clearance or other measures of
glomerular filtration rate. The first clinical
application of a formula in adults was described by
Jelliffe20 in 1971. A formula is available for use in
children, where sex is a less important determinant
of muscle mass, relating height and serum
creatinine to glomerular filtration rate.21 Over the
last decade these formulae have been modified and
improved. Most give reasonable results with
correlation coefficients of greater than 0.93 when
compared with other methods such as measurement
of creatinine clearance.
The Hull formula,3 which was used to determine

the answers in my questionnaire, is particularly
useful because it is simple and it has been validated
by comparison with creatinine clearance over the
whole spectrum of renal function, from normal to
severe impairment, in patients with wide ranges of
age and weight. The results obtained with this
formula compare favourably with those from earlier
formulae.3

Recently there has been vigorous debate about
the relative merits of using the serum creatinine
concentration or formal creatinine clearance
measurements to determine renal function. Strong
arguments have been tendered both for2 and
against25 scrapping the 24 hour urine technique. At
present it seems reasonable that those who wish to
should continue to use the urine collection
technique. However it is important that they should
also be aware of, and able to apply, the alternative
serum creatinine methods.

Problems in the interpretation of serum creatinine
concentration

It is important to realise that serum creatinine
concentration cannot be used reliably to calculate
glomerular filtration rate in conjunction with the
Hull formula (or any of the other formulae or

nomograms) in all patients. Errors will arise in
several well defined clinical situations:
(1) In acute renal failure26 when serum creatinine

concentrations are rapidly changing (either
upwards or downwards). Formulae are only
valid when a 'steady state' exists. Although
more complicated formulae which take account
of changing serum creatinine have been
devised,27 this effectively means that renal
function should not have changed greatly over
the previous 4 days. The same restrictions also
apply to 24 hour urine creatinine clearance.

(2) Within 8 hours of a meat-containing meal.
Serum creatinine concentration changes
throughout the day in subjects taking a meat-
containing diet. Increases of up to 80% were
seen following a test meal containing 300g of
cooked beef8 and 30% increases have been
described following ordinary hospital meals.9
These studies were undertaken in subjects with
normal renal function: the percentage change
would become much smaller as the baseline
serum creatinine increases in subjects with
renal impairment. If meat is avoided the serum
creatinine concentration remains relatively
constant.28-30 Early morning creatinine
concentrations are remarkably constant and
are preferred when accurate prediction of renal
function is important. As serum creatinine rises
with more severe renal impairment, the
significance of dietary meat diminishes.

(3) Strenuous exercise may increase the serum
creatinine concentration by 14%.31

(4) In severe oedematous states when muscle mass
cannot be predicted from body weight. The
same may be true for grossly obese subjects
and women during the later stages of
pregnancy.

(5) In patients with marked muscle wasting.32
(6) In children where the influence of sex on

muscle mass is less important. Alternative
formulae are available for use in children.21

(7) In patients with liver disease.3 The reasons for
inaccuracy of these formulae in liver disease are
uncertain although muscle wasting and oedema
may play a part. In patients with marked
jaundice bilirubin may interfere with the
creatinine assay.33

(8) In ketotic patients where serum creatinine
concentration may be falsely elevated by
interference with the creatinine assay.34

(9) Drugs such as salicylate,35 one or both of
the components of co-trimoxazole36 and
cimetidine37 can inhibit tubular secretion of
creatinine, increasing plasma creatinine concen-
tration without any change in glomerular
function.
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Conclusion

Several formulae are now available which allow
accurate prediction of glomerular filtration rate
from a single serum creatinine concentration. These
formulae can be applied in the majority of patients
although they are invalid in a number of clearly
defined clinical situations. It seems that despite the
existence of these formulae most hospital doctors
are unable to interpret serum creatinine values in
terms of glomerular filtration rate.

It is probably unreasonable to expect all doctors
to remember a formula and use it each time they
receive a serum creatinine result. However, it should
be possible for biochemistry computers to use the
age and sex information that is provided on most
request forms, and to utilize one of the available

formulae to calculate a patient's glomerular
filtration rate/70kg body weight each time a serum
creatinine result is reported. The situations where
these formulae may be invalid could be briefly
outlined on the report.
Measurement of serum creatinine concentration is

amongst the most commonly performed bio-
chemical tests in hospital practice. It appears that
much of the information about renal function that
this test could provide has so far been unavailable
to the majority of clinicians.
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