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Self-test questions

The following statements are either true or false
[(answers on page 23) |

5. When changing from one antidepressant to another
it can be difficult to differentiate discontinuation
symptomsfromadverseeffectsof thenew medication.

. After a patient has recovered from depression, the
antidepressant dose is usually tapered off.

ABNORMALLABORATORY RESULTS
Creatinine clearance and the
assessment of renal function

Brian J. Nankivell, Department of Renal Medicine, Westmead Hospital, Sydney

SYNOPSIS

The selection of the most appropriate measurement of
renal function depends on the clinical question being
asked, theaccuracy required and theinconveniencetothe
patient. Serum creatinine and calculated creatinine
clearanceyield a reasonable estimation of renal function
with minimal cost andinconvenience. A urinary creatinine
clearanceismor eaccur ateif theurinecollectioniscomplete.
| sotopic measur ement of glomerular filtration ratecan be
used when greater accuracy is required, when renal
functionispoor or musclemassissignificantly outsidethe
normal range. Glomerular filtration rate should be
corrected for body surface area and interpreted in the
context of physiological effects such as pregnancy and
blood pressure.

Index words: glomer ular filtration, kidney.
(Aust Prescr 2001;24:15-7)

Introduction

Estimation of renal function is important in a number of
clinical situations(Table 1), including assessing renal damage
and monitoringtheprogressionof renal disease. Renal function
should also be calculated if a potentially toxic drug ismainly
cleared by renal excretion. The dose of the drug may need to
be adjusted if renal function is abnormal.

Renal function and glomerular filtration
rate

Theglomerulusisahigh-pressurefiltration system, composed
of aspecialised capillary network. It generates an ultrefiltrate
that isfree of blood and significant amounts of blood proteins.
Renal damage or aterationsin glomerular function affect the
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kidneys' ability to remove metabolic substances from the
blood into the urine.

Glomerular filtrationrate (GFR) istherate (volume per unit of
time) at which ultrafiltrate is formed by the glomerulus.
Approximately 120 mL are formed per minute. The GFRisa
direct measure of renal function. It isreduced before the onset
of symptomsof renal failureandisrelatedtothe severity of the
structural abnormalitiesin chronicrenal disease. TheGFR can

Table 1
Indicationsfor renal function testing

Test Setting Clinical indication
Serum creatinine Screening for renal  Hypertension
disease Urine abnormalities

Potential renal diseases
(e.g. diabetes)
Non-specific symptoms
(e.g. tiredness)
Chronic renal disease
Transplantation

Drug toxicity

Monitoring renal
function

Calculated GFR/ Initial evaluation of  Glomerulonephritis

creatinine renal disease Proteinuria
clearance Chronic renal failure
Chemotherapy dosing
Monitoring of renal  Glomerulonephritis
disease Chronic renal failure
Isotopic GFR Accurate GFR Monitoring therapy in

glomerulonephritis

Deciding when to start
dialysis

Chronic renal failure
Body builder
Chemotherapy dose in
wasted patient

Low levels of GFR

Altered muscle mass

GFR = Glomerular filtration rate
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predict thesignsand symptomsof uraemia, especially whenit
fallsto below 10-15 mL/min. Unfortunately it is not an ideal
index, being difficult to measure directly, and is sometimes
insensitive for detecting renal disease.

Tubular function

Although glomeruli control the GFR, damage to the
tubulointerstitium is also an important predictor of GFR and
progressiontowardsrenal failure. Renal tubulesmakeup 95%
of the renal mass, do the bulk of the metabolic work and
modify the ultrafiltrate into urine. They control a number of
kidney functions including acid-base balance, sodium
excretion, urine concentration or dilution, water balance,
potassium excretion and small molecule metabolism (such as
insulin clearance). Measurement of tubular function is
impractical for daily clinical use, so we usually use the GFR
to assess renal function.

Normal range for GFR

The GFR varies according to renal massand correspondingly
to body mass. GFR is conventionally corrected for body
surfacearea(which equateswith renal mass), whichinnormal
humans is approximately 1.73m? and represents an average
value for normal young men and women. When the GFR is
corrected for body surfacearea, anormal range can bederived
to assess renal impairment.

The normal corrected GFR is 80-120 mL/min/1.73m?,
impaired rena function is 30-80 mL/min/1.73m?and renal
failure is less than 30 mL/min/1.73m?2 The corrected GFR is
approximately 8% lower in women than in men, and declines
with age a an annua rate of 1 mL/min/1.73n? from the age
of 40.

In addition to ageing there are a number of physiological and
pathol ogical conditionsthat canaffect GFR, including pregnancy,
hypertension, medications and renal disease. These conditions
should be considered when interpreting a patient’s GFR.

Measurement of GFR by renal clearance

The GFR cannot be directly measured in humans, but can be
estimated from urinary clearance of a substance (x), given by
the equation:

uv

X

P

X

Urinary clearance (X)

where U is the urinary concentration of an idea filtration
marker of x, V is the urine flow rate and P,_is the average
plasma concentration of x.

An ‘ideal filtration marker’ is a substance that is freely
excreted by glomerular filtration, without tubul ar reabsorption
or secretion. The clearance of ideal filtration markers can be
shown mathematically to be an accurate estimate of GFR.

The balance concept
The plasma concentration of a substance in a steady state

depends on the balance of the input (from either endogenous

production or exogenous intake) and the clearance from the
hlond (hv_efither excretion or mataholiam) \When_an _ideal
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filtration marker isused (and thereisno hepatic metabolismor
non-renal clearance) andtheinputisconstant (for example, by
endogenous creatinine generation), then the plasma
concentration isinversely proportional to the GFR.

Methods to estimate GFR

The GFR can be estimated from the serum concentration of
filtration markers (such as creatinine or urea) or the renal
clearance of these markers. Each method has its advantages
and disadvantagesin termsof accuracy, cost and convenience
(Table 2).

Serum creatinine or calculated creatinine clearance are the
most convenient estimates of GFR, requiring only a single
blood sample. Measured creatinine clearance requires a
24-hour urinary collection while isotopic methods involve
intravenous injection of anuclear tracer, and two subsequent
blood samples to estimate clearance. Both these methods are
moreexpensiveand lessconvenient to the pati ent. Sel ection of
the most appropriate test depends ontheclinical question, the
required accuracy and cost (Table 2).

Serum creatinine

Serum creatinineis commonly used to screen for renal disease
or to investigate urinary sediment abnormalities, hypertension
or non-specific symptoms such as tiredness. It is aso used to
monitor rena function after transplantation, in chronic rena
disease, andin patientswith glomerul onephritistaking di sease-
modifyingtherapy. Serum creatininecanal sobeusedtomonitor
theeffectsof nephrotoxicdrugssuchasgentamicinor anticancer
drugs. Serum ureacan be used to estimate renal function but is
highly variable, less accurate and prone to errors.

Serum creatinine is mainly produced by the metabolism of
creatinein muscle, but also originatesfrom dietary sources of
creatinine such as cooked meat. Creatinine generation from
the muscles is proportional to the total muscle mass and
muscle catabolism. In people with a relatively low muscle
mass, including children, women, the elderly, malnourished
patients and cancer patients, the serum creatinineislower for
agiven GFR. Thereisadanger of underestimating theamount
of renal impairment in these patients, astheir serum creatinine
isalsorelatively lower. For example, the GFR may bereduced
aslow as 20-30 mL/minin asmall elderly woman, while her
serum creatinine remains in the upper range of normal.

Table 2

Assessment of renal function

Method Accuracy  Cost Convenience
Serum creatinine ** $ B
Serum urea * $ DG
Calculated creatinine

clearance RIS $ *xk
Measured creatinine

clearance Wi fig) W $$ *
Isotopic glomerular

filtration rate AR $39 *
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Credtinine is an imperfect filtration marker, because it is
secreted by thetubular cellsinto thetubular lumen, especially
if renal functionisimpaired. When the GFRislow, the serum
creatinineand creatinineclearanceoverestimatethetrue GFR.
Some drugs (such as cimetidine or trimethoprim) have the
effect of reducing tubular secretionof creatinine. Thisincreases
the serum creatinine and decreases the measured creatinine
clearance(Table3). Paradoxically, whenthesedrugsareused,
a more accurate measurement of GFR is obtained as it is
largely free from the error contributed by the physiological
tubular secretion of creatinine.

Calculated creatinine clearance

As serum creatinine is so highly dependent on age, sex and
body size, a number of corrections and formulae have been
devel opedto estimatethemusclemassand assumed creatinine
production. The most well-known formulais the Cockcroft-
Gaultformula, whichisrelatively simpleto useand reasonably
accurate. It isgiven as.

(140 — age[yr9]) x weight [kg]
serum creatinine (micromol/L)

Creatinine clearance
(mL/min)

Multiply result x 1.22 for male patients

This is a good estimate of GFR, but it becomes inaccurate
when apatient’ sbody massissignificantly outsidethenormal
range (for example, morbid obesity or severe malnutrition) or
when renal functionisvery impaired (i.e. GFR <20 mL/min).
In these circumstances an isotopic method can be used if the
GFR needs to be accurately measured.

Creatinine clearance

Creatinine clearance has been used for many decades to
estimateGFR. Itinvolvesa24-hour urinecollectionto measure
creatinine excretion. As the same sample can be used to
measure the protein excretion rate, creatinine clearance is
often used for the initial evaluation of renal diseases, such as
glomerulonephritis. It can also be used to monitor the
progression of chronicrenal failure, the responseto therapy or
to help decide when to start dialysisin patientswith declining
renal function.

Themajor problem with measuring creatinineclearanceisthat
thecollection may beincomplete; often urineispassedintothe
toilet rather than into the collection bottles. Thisresultsin an
underestimation of renal function, and has led some
commentators to recommend alternative measures such as
cal cul ated creatinineclearanceor anisotopic GFR. Inhospital,
especially whenthepatient iscatheterised, creatinineclearance
provides an accurate estimate of GFR. Overestimation of the
GFR occurs at low levels of renal function, due to tubular
secretion of creatinine. Thiscan be corrected by collecting the
urine while the patient is taking cimetidine or by averaging a
ureaand creatinineclearanceinasingle24-hour collection. To
accurately define the GFR at low levels of renal function, an
isotopic GFR is recommended.
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Table 3

Errors in measurement of renal function using
creatinine

Effectson  Effectson
creatinine  serum
clearance  creatinine
Assay interference
ketosis Nil 4
hyperbilirubinaemia Nil 4
cephalosporin Nil 4
Inhibition of tubular secretion of creatinine
cimetidine or trimethoprim  § * 4
Alteration of creatine/creatinine load
eating cooked meat 4 4
low protein diet v v
body building Nil A
muscle wasting Nil v
Renal disease v 4

* becomes more accurate at low levels of GFR when increased
tubular secretion of creatinine is blocked

| sotopic GFR

Isotopic GFR is the most accurate measurement of GFR,
especialy at low levelsof renal function or with alterations of
musclemass. Themost commonisotopic marker istechnetium
99m DTPA, given asasingleinjection. Two plasmasamples
aretaken at 1-3 hours after injection. The GFR is calculated
fromthe plasmaclearance of theisotope. | sotopic GFR can be
used for monitoring renal function over time, or in chronic
rena failurepatientsapproachingdialysis. Patientsareusually
tested every two to five years, because of the cost and
inconvenience of the procedure.

Summary

Renal function can be evaluated by measuring the GFR. Asit
isnot easy to measure the GFR directly, the serum creatinine
concentrationisoften usedto assessrenal function. Creatinine
clearance provides a more accurate assessment and can be
calculated fromthe serum creatinineor more exactly fromthe
results of a24-hour urine collection. | sotopic methods can be
used if avery accurate measurement of the GFR is required.

Self-test questions

The following statements are either true or false
[ (answers on page 23) |

7. Inrena diseasethecreatinineclearanceisincreased.

8. Cimetidinecanincreasethe serum concentration of
creatinine.
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