Renal disease • THEME

Automated reporting
of GFR
Coming soon to a laboratory near you!

BACKGROUND Serum creatinine concentration
is an unreliable and insensitive marker of
chronic kidney disease (CKD). To improve CKD
detection, Australasian guidelines have recently
recommended that laboratories calculate and
report an estimated glomerular filtration rate
(eGFR) using the Modification of Diet in Renal
Disease (MDRD) formula with every request for
serum creatinine concentration

OBJECTIVE This articles aims to provide timely
information to health professionals about how to
appropriately interpret and act upon eGFR reports.
It also discusses the treatments shown to reduce
renal and cardiovascular risk in CKD patients, and
the indications for nephrologist referral.

DISCUSSION The accuracy and precision of
eGFRs are reasonable in most adults in whom
calculated values are <60 mL/min/1.73 m2.
However, eGFRs should be interpreted with
caution in some settings (particularly patients
with eGFRs >60 mL/min/1.73 m2 and children).
Automatic laboratory reporting of eGFR will
enhance early detection of CKD, allow the timely
institution of appropriate reno- and cardioprotective therapies, and better inform decisions
regarding the prescription of renally excreted
medications.

C

hronic kidney disease (CKD) is a major public health
problem in Australia and throughout the world. Based on
data from the Ausdiab study,1 it is estimated that over 1.7
million Australian adults have at least moderately severe
kidney failure, defined as a glomerular filtration rate (GFR)
less than 60 mL/min/1.73 m2. This pernicious condition
is often not associated with significant symptoms
or urinary abnormalities and is unrecognised in 80–
90% of cases.1–3 Chronic kidney disease progresses
at a rate that requires approximately 1900 individuals
each year in Australia to commence either dialysis or
kidney transplantation.4 Furthermore, the presence of
CKD is one of the most potent known risk factors for
cardiovascular disease, such that individuals with CKD
have a 10–20 fold greater risk of cardiac death than age
and sex matched controls without CKD.5,6 Early detection
of CKD in the primary care setting is therefore critically
important for facilitating the timely institution of therapies
proven to slow or prevent kidney failure progression,
enhancing the appropriate assessment and modification
of cardiovascular risk, and informing decisions regarding
the prescription of drugs excreted by the kidneys.7,8
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Assessment of kidney function
The role of eGFR
The most commonly used measure of overall kidney
function in clinical practice is serum creatinine
concentration. Unfortunately, this measurement is
affected by many factors other than the level of kidney
function and varies markedly with age, gender and
muscle mass (Figure 1). Moreover, there are significant
calibration issues associated with the measurement of
serum creatinine that lead to inter-laboratory variation
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Figure 1. Normal serum creatinine measurements do not exclude
serious loss of kidney function, especially in thin, elderly women.
The relationship between serum creatinine and GFR is depicted
for a man, aged 20 years weighing 70 kg, and a woman, aged 70
years weighing 50 kg. The upper limit of the serum creatinine
reference range is shown as a broken line

Table 1. Equations for eGFR in adults based on serum creatinine
concentration*
Abbreviated MDRD equation
GFR (mL/min/1.73 m2) = 186 x (SCr ÷ 88.4)-1.154 x (age)-0.203 x (0.742 if female)
x (1.210 if Afro-American)
Cockcroft-Gault equation
GFR (mL/min) = (140 – age) x weight x 1.228 ÷ SCr x (0.85 if female)
SCr = serum creatinine concentration
* For each equation, SCr is (micromoles/L, age in years, weight in kg
eGFR derived by the Cockcroft-Gault formula should subsequently be corrected for body surface
area (multiply by 1.73 then divide by calculated body surface area)

Table 2. Guideline recommendations of the Australasian eGFR
Working Party of the Australasian Association of Clinical Biochemists
(AACB), Australian and New Zealand Society of Nephrology
(ANZSN), Kidney Health Australia (KHA) and Royal Australasian
College of Pathologists (RCPA)
• An eGFR using the abbreviated MDRD formula shall be automatically
calculated for every request for serum creatinine concentration in
individuals aged >18 years
• GFR values that calculate to be in excess of 60 mL/min/1.73 m2 should be
reported as ‘>60 mL/min/1.73 m2’ and not as a precise figure
• Automatic reporting of eGFR may include age related reference intervals
for individuals aged >65 years
• The implementation of automatic eGFR reporting will require a timely
educational program that ensures information is available to health
professionals to aid in interpretation of eGFR values
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of up to 20%. 9 Serum creatinine concentration is
notoriously insensitive for detecting mild to moderate
kidney failure, such that patients must lose 50%
or more of their kidney function before the serum
creatinine value rises above the upper limit of normal
(Figure 1). This situation of a ‘normal’ creatinine
masking a significant decline in kidney function is
especially important in elderly patients, in whom the
age related decline in kidney function is not reflected
by an increase in serum creatinine level because of a
concomitant decrease in muscle mass.
Measuring GFR is widely accepted as the best
overall index of kidney function.10,11 The most common
method for assessing GFR in the past was performing
a timed urine collection for evaluation of creatinine
clearance. However, this test was inconvenient and
frequently inaccurate as a result of improper collection
and overestimation of GFR due to kidney tubular
secretion of creatinine.11
More recently, calculation of estimated GFR (eGFR)
using an empirical mathematical formula has been
encouraged as a simple, rapid and reliable means
of assessing kidney function. 3,7,12 In most cases,
eGFR is at least as accurate as measuring creatinine
clearance. 10 There are no fewer than 47 different
prediction equations currently available, although the
two most common in use are the Cockcroft-Gault13 and
the abbreviated Modification of Diet in Renal Disease
(MDRD) formula 12 (Table 1). The Cockcroft-Gault
equation has the advantages of being more widely
known, easier to remember and more extensively
validated than the MDRD formula. However, the MDRD
formula does not require knowledge of the patient’s
weight (making it far more suitable for automated
laboratory reporting), does not need correction for body
surface area (and therefore does not require knowledge
of the patient’s height) and has been shown to be more
precise and accurate than the Cockcroft-Gault equation
when the GFR is below 60 mL/min/1.73 m2.12,14 The
Cockcroft-Gault formula is widely available on medical
software and specialised semi-automated calculators.
An automated calculator for the MDRD formula can be
accessed at www.kidney.org.au.

Australasian guidelines for automated laboratory
reporting of eGFR
In North America, the National Kidney Foundation
Kidney and Dialysis Outcomes Quality Initiative (K/
DOQI) guidelines have recommended that serum
creatinine concentration alone is sub-optimal
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Table 3. Classification of CKD stage
CKD stage
1

GFR (mL/min)
≥90

2

60–89

3

30–59

4

15–29

5

<15

Comments
• Diagnosis requires evidence of kidney damage (eg. scarring on renal
ultrasound, proteinuria)
• Diagnosis requires evidence of kidney damage (eg. scarring on renal
ultrasound, proteinuria)
• Moderate kidney failure
• Treat kidney and cardiac risk factors (esp. blood pressure,
cholesterol, blood sugar, smoking, obesity)
• Antiproteinuric drugs (angiotensin converting enzyme inhibitors and/
or angiotensin receptor blockers) if appropriate
• Avoid nephrotoxic drugs
• Correct anaemia, acidosis and hyperparathyroidism
• Ensure drug dosages appropriate for level of kidney function
• Consider referral to nephrologist (mostly not required)
• Severe kidney failure
• As above + refer to nephrologist
• Prepare for dialysis or transplantation if appropriate
• End stage kidney failure
• As above + refer to nephrologist
• Institute dialysis or transplantation if appropriate

for assessing the level of kidney function and that
pathology laboratories should concomitantly report
eGFR, as determined by a prediction equation such
as the MDRD formula. 10 Similar recommendations
have been made by other organisations, including the
British Renal Association15 and the Kidney Disease
Improving Global Outcomes (KDIGO) guidelines. 16
These recommendations are based on observations
that laborator y reporting of eGFR significantly
enhances CKD detection7 and that timely intervention
can reduce the risk of progressive kidney failure and
cardiovascular disease in CKD patients.17
Recently, an Australasian eGFR Working Group
convened by representatives of the Australasian
Association of Clinical Biochemists (AACB),
Australian and New Zealand Society of Nephrology
(ANZSN), Kidney Health Australia (KHA) and
the Royal Australasian College of Pathologists
(RCPA) unanimously endorsed and published
recommendations that laboratories calculate and
report an eGFR using the MDRD formula with every
request for serum creatinine concentration18 (Table 2).
It is likely that most, if not all laboratories, will adopt
these recommendations over the next few years,
making it imperative that health professionals receive
adequate information about how to appropriately
interpret and act upon eGFR reports.

Interpretation of eGFR values on
pathology reports
The normal GFR in young adults is around 120 mL/
min/1.73 m2. Glomerular filtration rate values below 90
mL/min/1.73 m2 are abnormal and generally indicate the
presence of CKD if present for more than 3 months.
The K/DOQI guidelines have classified five stages of
CKD based on the level of GFR and/or the presence of
kidney damage (as evidenced by urinary abnormalities
or the presence of scarring on radiological imaging)
(Table 3). 10 As eGFR is based on serum creatinine
concentration, the errors associated with creatinine
measurement similarly apply to eGFR.

Limitations of eGFR
There are a number of limitations associated with
eGFR that include the errors associated with serum
creatinine measurement as discussed above.
Moreover, prediction formulae for eGFR have been
poorly validated in children 19 and so their use is
currently only recommended in adults (≥18 years).
After the age of 30 years, GFR progressively declines
at an average rate of 8 mL/min per decade.20 Based on
North American data,20 it is estimated that 25% of the
Australian population over the age of 70 years will have
an eGFR below 60 mL/min/1.73 m2. There is ongoing
debate as to whether this age related GFR decline is

Reprinted from Australian Family Physician Vol. 34, No. 11, November 2005 4 927

Theme: Automated reporting of GFR – coming soon to a laboratory near you!

‘normal’ or pathological. Approximately one-third of
the population does not experience a decline in GFR
with age.21 Moreover, a reduced GFR remains a strong
predictor of all cause and cardiovascular mortality,
even in elderly populations. 22–24 The Australasian
eGFR Working Group has suggested that automatic
laboratory reporting of eGFR may include age related
reference intervals for individuals aged 65 years or
over. However, the definition of CKD is not modified
according to age. This scenario is analogous to that
for hypertension. Even though blood pressure levels
rise with age and are highly prevalent in the elderly,
the threshold for diagnosing hypertension based on
blood pressure level is not altered in older individuals
because hypertension in this age group is still strongly
associated with adverse outcomes. Similarly, severely
reduced eGFR values in elderly patients below 60 mL/
min/1.73 m2 should be considered significant.
In addition to extremes of age, there are a number
of other clinical situations where reported eGFR results
should be interpreted with caution due either to lack
of appropriate validation or to demonstrated lack of
precision or accuracy (eg. with eGFR values above 60
mL/min/1.73 m2). These conditions are listed in Table 4.
Under such circumstances, it may be worth considering
direct assessment of kidney function (such as timed
urine collections for creatinine clearance).

Management of patients with significantly
reduced eGFRs

Table 4. Clinical situations where eGFR results may unreliable
and/or misleading
• Rapidly changing kidney function
• Dialysis dependent patients
• Exceptional dietary intake (eg. vegetarian diet, high protein diet, creatine
supplements)
• Extremes of body size
• Diseases of skeletal muscle, paraplegia
• Amputees
• Certain ethnic groups (eg. Asians, Aboriginal and Torres Strait Islanders)
• Children
• eGFR values above 60 mL/min/1.73 m2

Table 5. Frequently used drugs that may damage the kidneys
• Nonsteroidal anti-inflammatories, COX-2 inhibitors
• ACE inhibitors and angiotensin 2 receptor antagonists
• Beware, especially, the ‘triple wammy’ of NSAID/COX-2 inhibitor, ACE
inhibitor and diuretic
• Radiographic contrast agents
• Diabetes and kidney impairment or proteinuria

Table 6. Indications for referral of CKD patients to a nephrologist
• eGFR <30 mL/min/1.73 m2
• Rapidly declining kidney function (>15% in GFR over 3 months)
• Significant proteinuria >1 g/24 hours
• Glomerular haematuria
• Kidney impairment and hypertension that proves difficult to control
→

All patients with substantially reduced eGFRs (<60
mL/min/1.73 m2) should undergo cardiovascular and
kidney disease risk factor modification. 10,15 There is
strong randomised controlled trial evidence that timely
intervention in this group of patients can substantially
reduce kidney failure progression and cardiovascular
risk by up to 50%. 17 The most important goal in
patients with CKD is to reduce arterial blood pressure
to target levels (<130/85 mmHg if proteinuria <1
g/day or <125/75 mmHg if proteinuria >1 g/day).25
Based on the weight of accumulated evidence to
date, angiotensin converting enzyme inhibitors
remain the first line therapy,26 although recent new
evidence in type 2 diabetic nephropathy suggests
that angiotensin receptor antagonists may provide
comparable renoprotection. 27–29 In order to reach
currently recommended blood pressure targets,
multiple (often 3–4) antihypertensive medications
are frequently required. 17 Other strategies found to
be effective in a limited number of studies include

statins,30–32 and correction of uraemic anaemia with
erythropoietin. 33,34 Smoking is strongly associated
with renal disease, and cessation has been shown
to reduce progression in diabetic patients; of course,
cessation of smoking is also important in reducing
cardiovascular risk. Intensive glycaemic control
reduces the risk of renal complications in both type
1 and 2 diabetes mellitus, although there is currently
no evidence that it improves renal outcomes once
overt nephropathy has developed.17 Dietary protein
restriction provides modest benefits in CKD, but these
are generally outweighed by deleterious nutritional
consequences and therefore not recommended.35
Once eGFR is substantially reduced, the natural
history is a continuing decline. The steps outlined
above will slow the decline, but regular monitoring
(at least ever y 3 months) is essential. Also
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essential is the avoidance of potentially nephrotoxic
medications (Table 5).

Indications for referral
With over 1.7 million adults with stage 3 CKD (GFR
30–60 mL/min) in Australia and only 180 nephrologists,
it is clear that the majority of these patients will need
to be managed in the primary health care setting.
Nevertheless, the Caring for Australians with renal
insufficiency (CARI) guidelines recommend that
patients with severe kidney failure (eGFR <30 mL/
min, stage 4 or 5 CKD), diabetic nephropathy, rapidly
deteriorating renal function or features suggestive of
an underlying glomerulonephritis (eg. heamaturia, casts
or proteinuria in excess of 1g/day) should be referred to
a nephrologist (Table 6). A number of studies36–38 have
demonstrated that early referral of patients with severe
CKD to a multidisciplinary renal unit is associated with
reduced rates of kidney failure decline, decreased
need for and duration of hospitalisation, increased
likelihood of permanent dialysis access created before
dialysis onset, reduced initial costs of care following
the commencement of dialysis, increased likelihood of
kidney transplantation, and decreased patient morbidity
and mortality. The CARI guidelines recommend that
patients should be referred to renal units at least 12
months before the anticipated commencement of
dialysis and/or kidney transplantation (ie. eGFR ≥30
mL/min/1.73 m 2). Nevertheless, in spite of this,
approximately 30% of CKD patients in Australia are
referred ‘late’ to nephrologists (ie. within 3 months of
needing to commence kidney replacement therapy).
Such ‘late referred’ patients have markedly reduced
survival rates on dialysis and are much less likely to
receive a kidney transplant.39

Conclusion
Automatic laboratory reporting of eGFR on each
occasion a serum creatinine concentration is ordered
will significantly increase the likelihood of early
detection of CKD, allow the institution of appropriate
management strategies to reduce the risks of kidney
failure progression and cardiovascular death in the
community, and inform decisions regarding the
prescription of renally excreted medications. General
practitioners need to be aware of the limitations of
eGFR results (particularly patients with eGFR values
>60 mL/min/1.73 m2 and children), treatments shown
to reduce renal and cardiovascular risk in CKD patients,
and indications for nephrologist referral.
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Summary of important points
• Serum creatinine concentration alone is inadequate
for assessing a patient’s level of kidney function.
• Australasian guidelines recommend that laboratories
calculate and report an eGFR using the MDRD
formula with every request for serum creatinine
concentration.
• eGFR reports may be unreliable and/or misleading
in certain settings, including rapidly changing kidney
function, dialysis dependent patients, extremes of
body size, diseases of skeletal muscle, paraplegia,
amputees, certain ethnic groups, children, and eGFR
values above 60 mL/min/1.73 m2.
• Interventions proven to reduce the risk of kidney
disease progression by up to 50% include reduction
of blood pressure, prescription of statins, cessation
of smoking, correction of anaemia and intensive
glycaemic control in diabetics before the development
of macroalbuminuria. Nephrotoxic drugs should be
avoided.
• Renal function should be checked at least every 3
months in patients with eGFR <60 mL/min/1.73 m2.
• The indications for referral of a CKD patient to
a nephrologist include eGFR <30 mL/min/1.73
m2, rapidly declining kidney function, proteinuria
>1g/24 hours, glomerular haematuria and proteinuria,
kidney impairment and uncontrolled hypertension,
and diabetes and kidney impairment or proteinuria.
Conflict of interest: none declared.
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