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Abstract Glomerular filtration rate (GFR) is the most
important measure of kidney function used for chronic
kidney disease screening, dosing medications, and fol-
lowing kidney disease progression. Gold standard GFR
measurement is inulin clearance; however, GFR is most
commonly measured by plasma disappearance of exoge-
nously administered substances. Recent improvements in
GFR measurement have been made, and understanding the
limitations of different methods is important. In clinical
practice, GFR is typically estimated using equations. Most
equations are based on serum creatinine, but other markers,
in particular Cystatin C have been investigated as well. In
the last 10 years, several GFR estimation equations have
been published, each associated with strengths and limi-
tations. Understanding how these equations were derived
and considering individual patient characteristics is helpful
to determine what equations are most likely to estimate
GFR most accurately. This review will address each of
these issues, highlighting recent literature and focusing on
clinical application.
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Introduction

Glomerular filtration rate (GFR) is the best overall index of
kidney function. GFR assessment is the foundation for
diagnosing renal disease in clinical practice. In hospitalized
children, GFR evaluation plays a crucial role in ensuring
correct medication doses, monitoring for nephrotoxicity,
and determining pre-hospital renal function. In children
with early chronic kidney disease (CKD) or being screened
for CKD, reduced GFR may be the only sign of kidney
damage. In patients with established CKD, GFR evaluation
is vital for monitoring kidney disease progression. There-
fore, accurate methods to evaluate GFR in children are
needed.

Direct or gold standard measurement of GFR, per-
formed by measuring clearance of exogenously admin-
istered substances, is often infeasible in clinical settings,
is costly and labor-intensive, and thus only performed
when precise renal function is needed. Equations or
formulas that estimate GFR using endogenous renal
clearance biomarkers are used most frequently in clinical
practice. The most common GFR marker in these for-
mulas is serum creatinine (SCr). However, several factors
interfere with SCr measurement and interpretation, thus it
is not an ideal marker. Estimating GFR in children
comes with special considerations, as factors determining
GFR and SCr change physiologically during early life
postnatal kidney development. New GFR estimation
formulas have been studied in recent years, with the goal
of improving the limitations of established formulas. This
article will review different methods of GFR measure-
ment, GFR equations, and issues surrounding these
measures, with the goal of providing the reader with an
appreciation of how to approach interpretation and
evaluation of GFR.
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What is GFR?

The kidneys perform various regulatory functions includ-
ing filtration (glomerular), reabsorption and secretion
(tubular), and hormonal secretion (renal cells), maintaining
hemodynamic, fluid and electrolyte homeostasis, red blood
cell production, and healthy bone metabolism. With CKD,
several metabolic and endocrine abnormalities are present
(e.g., electrolyte disturbances, bone mineral disorders),
each of which may potentially serve as biomarkers of
abnormal renal function. However, these CKD perturba-
tions are closely related to the most commonly used renal
function parameter: GFR. Each nephron has a glomerulus,
which contains capillaries. Glomerular filtration is the
process of blood flowing through these capillaries, creating
an ultrafiltrate. Its rate (GFR) is determined by factors
including glomerular number, renal blood flow, capillary
pressure, and capillary wall permeability. Total GFR
reflects the total nephron mass performance (sum of each
single nephron GFR). An average healthy adult GFR is
about 120 ml/min/1.73 mz, with a wide normal range
(90-149 ml/min/1.73 m?). GFR above this level is con-
sidered “hyperfiltration,” which may be a sign of early
CKD or lead to CKD. Several factors influence GFR other
than the presence of kidney damage, including protein
intake, pregnancy, obesity, some vasodilatory antihyper-
tensives or hyperglycemia (tend to increase GFR), or
increasing age, some anti-hypertensives, and reduced
intravascular volume (may decrease GFR) [1]. Therefore,
ideally, GFR measurement and interpretation should be
performed when patients are in a “steady state,” well-
hydrated and using standardized measurement protocols.

Normal GFR in Children and Staging Decrement
in GFR

The Kidney Disease Improving Global Outcomes (KDI-
GO) clinical practice guideline provides practice recom-
mendations on several kidney disease topics, via
international expert group consensus and detailed evidence
review [2¢]. KDIGO recommends a graded staging of
CKD, from normal GFR (>90 ml/min/1.73 mz) to end
stage renal disease (GFR < 15 ml/min/1.73 mz), shown in
Table 1. These stages are used for screening and following
patients with CKD, evaluating risk for abnormalities rela-
ted to CKD (e.g., anemia) and assisting in decision-making
on need for dialysis initiation. As stated in the KDIGO
guideline, these GFR-based CKD categories may be
applied to children. The exception is in children <2 years
of age, before which GFR increases physiologically over
the first 2 years of life; therefore, the KDIGO CKD staging
is not similarly applicable. For example, GFR < 60 ml/
min/1.73 m? is normal in a 3 month old, but consistent
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Table 1 Staging of chronic kidney disease based on level of glo-
merular filtration rate, as per the KDIGO clinical practice guideline
[2°]

CKD grade GFR Terms

(ml/min/1.73 m?)

Gl >90 Normal or high

G2 60-89 Mildly decreased

G3a 45-59 Mildly to moderately decreased
G3b 30-44 Moderately to severely decreased
G4 15-29 Severely decreased

G5 <15 Kidney failure

G grade

Table 2 Normal glomerular filtration rate from age 0.1 to 2 years
old, based on Cr-EDTA plasma disappearance method [4]

Age group Mean (£SD) GFR 10th, 50th and 90th percentile

(years) (ml/min/1.73 m?) GFR value (ml/min/1.73 m?)?
<0.1 52.0 (9.0) 30, 42, 54

0.10-0.30  61.7 (14.3) 40, 53,70

0.30-0.66  71.7 (13.9) 52,71, 92

0.66-1.00  82.6 (17.3) 61, 84, 108

1.00-1.50  91.5 (17.8) 63,91, 118

1.50-2.00  94.5 (18.1) 70, 97, 123

>2.00 104.4 (19.9) 70, 98, 124

4 The 10th, 50th and 90th percentile of GFR values shown were
extrapolated visually from percentile curves published in the
reference

with Grade 2-3 CKD in a 5 year old. By age 2, average
normal GFR is similar to older child and adult levels.
Schwartz and Work recently reviewed in detail, studies
which have measured GFR using gold standard or plasma
disappearance methods in normal children, providing an
estimate of normative child GFR values [3]. One work of
particular interest is that of Piepsz et al. [4]. They measured
GFR by plasma disappearance of [51] Cr-ethylenediame-
netetraaceticacid (Cr-EDTA) in 623 children evaluated for
potential mild urogenital abnormalities, only including
patients with no significant kidney defects and with equal
bilateral renal function. They confirmed that GFR rises
progressively from neonatal age to 2 years old, stabilizing
at a GFR of about 105 ml/min/1.73 m? thereafter
(Table 2). They also provided percentile values for GFR
across age groups; for example GFR = 95 ml/min/1.73 m?
for a 1.5 year old child falls approximately at the 50th
percentile value for age. Perhaps it would be more rational
to express GFR in terms of percentile values (as done with
height or weight) in the <2 year old age group; however,
this would require research to determine how to use such
percentile values in clinical care, determine what percentile
is “abnormal” and how this relates to patient outcome. At
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present, clinicians should at least be aware than “normal
GFR” is lower in children less than 2 years of age and may
use the values provided in Table 2 as a guide to deter-
mining normal versus abnormal GFR.

An important and somewhat controversial issue is the
method used to standardize or scale GFR. To compare GFR
among infants, children, and adults, a standard reference
scale reflecting patient size is required. Kidney weight
would be ideal, although reliable measurement methods are
not currently available. Body surface area (BSA) has been
the traditional and is the current recommended method to
scale GFR [2¢]. However, one must be cautious when
scaling GFR to BSA in patients with extremes of weight,
since weight is included in BSA calculation. In very obese
patients, scaling to BSA leads to GFR underestimation. For
example, a patient with a non-scaled GFR of 90 ml/min
and BSA = 2.0 has a BSA-corrected GFR = (90 ml/min
x 173 m?/2.0 m* = 78 ml/min/1.73 m?. If the patient
loses weight to a BSA = 1.8, BSA-corrected GFR will rise
substantially, simply due to weight loss. This limitation
should be considered when applying GFR values to very
obese or malnourished individuals. Other body measures
have been suggested to scale GFR to, including extracel-
lular volume, total body water, or body cell mass [5—7], but
these have not been studied extensively.

GFR Measurement Methods

Gold standard GFR evaluation refers to the measuring
renal clearance of an administered exogenous filtration
marker, where clearance of a substance (Cig)) is expressed
in ml/min by the following equation:

Cis) = U] x V (ml per minute)/ P,

where Ulg is urine concentration of the substance, V is the
urine flow rate, (Ps)) is the plasma concentration of the
substance. An ideal filtration or clearance marker is freely
filtered at the glomerulus (thus not protein-bound), and is
neither secreted nor reabsorbed by tubules (i.e., unchanged in
urine). GFR measurement agents should be non-toxic and
distributed extracellularly. There are generally two methods
to measure clearance or GFR: evaluating substance plasma
disappearance and a more cumbersome method including
urinary collections. The gold standard method requires urine
collections. The filtration marker is injected subcutaneously
or intravenously (as a bolus or bolus plus infusion), followed
by several urine collections obtained every 10-30 min. The
substance’s plasma disappearance rate is monitored post-
injection, and the average calculated clearance (using the
formula above) is calculated with each urine collection and
taken as the GFR. To stimulate urine flow, fluid is adminis-
tered both before and during the protocol [8].

Inulin

The only known ideal gold standard filtration marker is
inulin (Table 3). Inulin clearance measurement involves
continuous intravenous infusion and meticulous urine
sampling through a urinary catheter or voluntary voiding,
as described above. Although inulin has the characteristics
of an ideal GFR marker, there are limitations to this
clearance method [9]. Hydration is required to maintain
high-urine flow rate, and complete voiding is not always
possible. This is especially problematic in children with
urologic issues or who are incontinent. This method is
time-consuming and uncomfortable, thus is not part of
routine practice. Because of these and other disadvantages,
alternative clearance methods and filtration markers are
used.

Radioactive Markers of GFR and the Plasma
Disappearance Method of Measuring GFR

Nuclear medicine techniques have been developed using
radiolabeled agents (or tracers) with similar GFR marker
characteristics as inulin (Table 3). Commonly used tracers
include radiolabeled 99 m Tc-diethylene triamine penta-
acetic acid (DTPA), Cr-EDTA, and iothalamate. These
markers are generally used to measure GFR using the
plasma disappearance method, avoiding the need for timed
urine collection and continuous infusion.

Plasma Disappearance Method of GFR Measurement

Plasma clearance of a marker is measured after a bolus
intravenous injection. These methods are described in
detail in several reviews and only briefly described here [3,
9]. GFR is calculated using the marker concentration
administered divided by the area under the curve of plasma
concentration over time. A “two-compartment system” is
used to mathematically model the disappearance curve,
where the marker is injected into a first compartment (the
intravascular space), equilibrates with the second (the
extracellular space), and is subsequently excreted via glo-
merular filtration from the first compartment. Time must be
allowed for equilibration to occur before post-injection
samples are drawn, otherwise GFR is overestimated [10,
11]. Drawbacks of this GFR measurement method include
requirement of multiple blood samples and the time needed
to characterize the disappearance curve, especially in
patients with very low GFR (more time is needed to clear
the substance). A simplified technique has been developed
to include only a few blood samples, increasing feasibility
of plasma disappearance GFR methods. There is general
consensus that obtaining at least 3-4 samples for
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Table 3 Summary of markers used to measure GFR

Marker Marker Method summary Strengths Weaknesses
information [72]

Inulin 5,200 Da inert Gold standard method. Either bolus or Gold standard Urine collection challenges

fructose polymer  bolus + continuous infusion, includes urine marker Assay challenges, expensive [72]
collection for clearance measurements No side effects
[73]

Iohexol 821 Da non- Mainly used for plasma disappearance method. Also Low toxicity Assay is expensive [2¢]
radioactive used for plasma/urine collection clearance method Rare adverse Possible tubular reabsorption or
contrast agent events protein binding

Inexpensive Theoretical potential for
Non-radioactive nephrotoxicity, allergy with
.. high doses [74]
Sensitive assay
allows for low
dose [22]
Iothalamate 614 Da iodine Mainly used for plasma disappearance method. Also Inexpensive Significant tubular secretion [17]
isotope used for plasma/urine collection clearance method Extensively Radioactive (non-cold form)
studied in
children
99 m Tec- 393 Da Single dose injection, plasma disappearance method Short half life Plasma protein binding [76]
DTPA radioactive [75] Radioactive
tracer Extensively
studied in
children
51 CR- 292 Da Single dose injection, plasma disappearance method Extensively Radioactive
EDTA radioactive studied in Possible protein binding [76]
tracer children . .
Possible tubular reabsorption
[771
Creatinine 113 Da, Single plasma measurement and 24 h urine Easy, Tubular secretion
clearance endogenous, collection inexpensive Influenced by many factors such
freely filtered as muscle mass, gender, age,
marker

and nutrition

measuring the markers, up to 4-5 h after injection, is
adequate [3, 11, 12]. In children with lower GFR (<30 ml/
min/1.73 m?) obtaining samples as long as 12-24 h after
injection will provide more accurate results.

Markers Used in Plasma Disappearance GFR
Measurement Methods

Table 3 summarizes many of the markers used. Several
studies have used the iodine isotope I-iothalamate [13—15].
However, there appears to be significant renal tubular
secretion of iothalamate, causing GFR overestimation,
which may at least partially explain the recent move away
from iothalamate GFR measurement [16, 17].

Other markers commonly used are radio-isotopes 99 m
Tc-DTPA [18] and 51 Cr-EDTA [4], both of which cor-
relate strongly with inulin clearance [19]. Cr-EDTA is
primarily used in Europe, while DTPA is used more fre-
quently in North America. These markers do have limita-
tions (Table 3) leading to overall GFR underestimation
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[2¢]. However, DTPA plasma disappearance GFR mea-
surement has specifically been shown to overestimate GFR
at very low GFR levels, which should be kept in mind if
using this method to make treatment decisions about dial-
ysis initiation or CKD progression [20, 21]. Moreover, both
tracers are associated with some radiation exposure. There
is likely substantial variability between clinical centre
protocol GFR measurement methods using DTPA and Cr-
EDTA; if these methods continue to be widely used (they
are currently the most commonly used GFR measurement
methods in clinical practice), their protocols should be
standardized.

Recently, an alternative, non-radioactive agent, iohexol,
has been studied in children for measuring GFR using the
plasma disappearance method. Iohexol is a low osmolarity
contrast agent, used in low doses for measuring GFR [10].
Advantages include lack of radiation and favorable toxicity
profile [22]. Iohexol is measured by high-performance
liquid chromatography and mass spectrometry, so although
the substance is inexpensive, the assay is costly. An
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advantage to iohexol plasma disappearance is that it has
been studied and validated in detail by the Chronic Kidney
Disease in Children study group (CKiD) [3, 10, 23]. In the
original CKiD study (2009), the investigators used 4 post-
injection time points to measure iohexol, up to 5 h post-
injection, consistent with recommended measurement
timepoints described above [10, 23]. This group also
demonstrated that accurate iohexol GFR measurement may
be possible using fewer blood samples [24]. Moreover, use
of “dried capillary blood-spot” samples (capillary blood
samples on a filter paper, later measured for ioxehol) for
iohexol measurement is being investigated for GFR mea-
surement [25, 26]. If more widely validated, this method of
obtaining post-iohexol injection samples would be an
exciting and non-invasive alternative to the current
method.

Endogenous Creatinine Clearance

Depending on centre resources, GFR measurement methods
described above may be impractical for timely GFR evalu-
ation. An alternative method is the creatinine clearance,
involving urine collection over a period of time (typically
24 h, but shorter periods may provide similar results [27])
and obtaining a single SCr measurement at the beginning or
end of the urine collection. Using the clearance formula
above, urine and serum creatinine concentrations and aver-
age urine flow rate (total ml of urine collected/minutes of
collection, followed by scaling to BSA of 1.73 m2), GFR
may be estimated. This method is simple, since SCr mea-
surement is widely available and inexpensive. Although SCr
is freely filtered at the glomerulus and not protein-bound,
there are several limitations to the creatinine clearance. SCr
concentration is associated with gender, age, nutrition and
muscle mass, independent of GFR. Urine collection may not
always be complete when performed at home, leading to
inaccuracy. Importantly, creatinine is secreted by the prox-
imal tubules, more so at lower GFR, leading to GFR over-
estimation. Cimetidine blocks tubular creatinine secretion,
which improves the accuracy of GFR measurement [28, 29].
Thus, if using creatinine clearance to measure GFR, partic-
ularly in patients with low GFR or for following renal
function over time, these limitations must be considered.

Estimating GFR Using Serum Markers and Equations
SCr
Despite limitations described above, SCr remains the most

commonly used GFR marker, is inexpensive and child
normative values have been published. Importantly,

international efforts have led to promoting SCr assay
measurement standardization to the gold standard isotope
dilution mass spectroscopy method [30e, 31]. In 1976,
Schwartz et al. published the well-known “Schwartz for-
mula” to estimate GFR [32]. For almost 30 years, this
equation was recommended to estimate GFR in children.
This formula was derived using an older SCr assay, using
creatinine clearance as the reference standard and is,
therefore, inappropriate for estimating GFR today.

In 2009, the CKiD group published several new equa-
tions, in a large CKD child cohort (mean GFR about 40 ml/
min/1.73 m2), using iohexol clearance as the reference
standard [23]. The CKiD equations include various combi-
nations of physical and laboratory variables (including
height, blood urea nitrogen concentration, age, gender, SCr),
as well as what is now often referred to as the “new bedside
Schwartz formula” (top of Table 4). Similar to the previous
Schwartz equation, it is based on the strong linear relation-
ship between the height to serum creatinine ratio (height/
SCr) (height, a surrogate of muscle mass, is important in SCr
generation) and GFR. Height/SCr is multiplied by a regres-
sion-derived constant or k. This equation is currently rec-
ommended for child GFR estimation [2¢]. It is simple to
calculate, only requiring SCr and height. However, consid-
erations should be made when using this equation. The
equation was derived from children with substantially
reduced kidney function and including few older teens
(whose muscle mass is relatively higher and, therefore, may
require a different k value to relate height/SCr to GFR).
Recent studies actually show that the new Schwartz equation
performs reasonably well to estimate GFR in children with
higher GFR and older children [33+, 34], but this deserves
further study. Because of problems associated with SCr
concentrations and non-renal factors, estimating GFR in
children at the extremes of muscle mass (particularly very
low muscle mass, such as wheelchair bound children) using
this equation, will be much less accurate [35]. Some authors
have suggested that to achieve the best GFR estimation
accuracy within a given centre, a “locally derived” k value
may be calculated. Specifically, whatever reference standard
GFR method is used within a centre, may be regressed on
height/SCr of children who had those GFR measures,
deriving a centre-specific k value [33¢, 35, 36]. Theoretically,
this k value should be the most appropriate for that centre’s
patient population, ethnicity profile, and GFR reference
method used. However, whether this leads to differences in
clinical decision-making has not been evaluated. Other
methods proposed to improve SCr-based GFR equations
have been to incorporate other easily measured variables
(such as blood urea nitrogen [23] or body cell mass [5]), but
these methods increase complexity of quick GFR estimation
and have not been validated. A non-exhaustive list of SCr-
based equations which have been either validated externally
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or incorporating novel methods of SCr-based eGFR, is pro-
vided in Table 4. Of great importance is that adult-derived
equations should not be used to estimate GFR in children.
Derivation of these equations included small numbers of
young adults and several include variables not routinely
measured in pediatric care. Moreover, adult equations have
been shown to poorly estimate GFR even in adolescents and
young adults [37, 38].

Height-Independent GFR Estimation: Is it Possible?

Height is not always available clinically and is not available
in laboratory databases, making large, population-based
child GFR research impossible. Recently, Pottel et al.
developed a height-independent child GFR equation. The
equation constant is the Q value, which differs by age; this
value represents the median SCr value from a population of
healthy children (in the case of the Pottel equation, from
European children [39-41]). Although height-dependent
GFR estimation was more accurate, their height-inde-
pendent method performed quite well and may represent a
major step forward in population-based child GFR
research. These Q values may also be calculated for
individual patients, using the calculations shown in Table 4
(population-derived equations). In principle, Q values
could be derived in different patient populations, includ-
ing North America (using SCr values measured in large
populations of normal children) or within a given centre.
Further study of this GFR estimation method would be
highly worthwhile.

Cystatin C

To overcome the limitations of SCr, another endogenous
GFR marker, cystatin C (CysC), has been evaluated.
CysC is a small, cysteine protease inhibitor protein that is
freely filtered at the glomerulus and not significantly
affected by age, gender or muscle mass [11]. The
exception is in children less than age 1, who have higher
CysC concentrations [11], potentially due to GFR being
physiologically lower. CysC may be higher in patients
treated with steroids and those with a renal transplant [13,
42-48] and concentrations may be affected by inflam-
matory and thyroid disorders [44—48]. CysC has also been
shown to increase as a result of certain malignancies;
however, it is unclear whether this is due to CysC pro-
duction by tumor cells or rather impairment in renal
function [45]. Nevertheless, CysC-based formulas dem-
onstrate better performance in oncology patients com-
pared to those based on height/SCr [49-51]. Several
CysC-eGFR equations have been derived (some are
summarized in Table 4). In general, CysC equations are
more accurate for estimating GFR and more diagnostic of
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abnormal GFR, than SCr equations [52, 53]. CysC cannot
be used to measure clearance since it is reabsorbed by
proximal tubular cells. It is important to note that the two
published CysC assays (turbidimetric and nephelometric)
lead to substantially different values [54-56]. Most recent
data suggest that the nephelometric CysC assay leads to
more accurate GFR estimation [52, 57¢¢]. Currently, the
cost of CysC measurement is approximately 8—10 times
SCr measurement; however, if its use becomes more
widespread, this cost may decrease. Population-based
normative CysC values have been published [58, 59°].
Ultimately, whether using CysC in clinical care, versus
SCr, actually leads to differences in decision-making or
on patient outcomes, remains unknown.

Table 4 displays several eGFR equations, including
recently derived equations which combine both SCr and
CysC [13, 23, 39-41, 57+, 60-66]. These equations appear
to be most accurate for estimating GFR. The CKiD group
confirmed that incorporating SCr and CysC in eGFR
equations leads to more accurate GFR estimation in chil-
dren with CKD. Research is needed to validate this finding
in different populations and determine if patient outcomes
are affected by such improved GFR estimation.

Which Equation to Use?

Given the large number of equations available to estimate
GFR, it can become quite overwhelming to decide which
equation should be used. It is likely reasonable to use the
currently recommended Schwartz equation in most clinical
scenarios. However, one must consider individual patient
characteristics to decide when using an alternative equation
may be most appropriate. When high accuracy is desired, it
has been proposed to estimate GFR using both SCr and
CysC equations and calculating the mean. However, in
cases of reduced muscle mass such as in patients hospi-
talized for prolonged periods, paralysis or amputation, the
SCr-based estimates will be inaccurate and a CysC-eGFR
will be more accurate. In some situations, CysC-eGFR will
be less accurate, such as in patients receiving high doses
of glucocorticoids. Children treated for cancer are of
particular consideration since they undergo considerable
changes in muscle mass over a short time period and
receive many medications including steroids; thus, both
SCr-eGFR and CysC-eGFR equations may be inaccurate.
In such cases, there may be significant discrepancy
between SCr and CysC-based eGFR estimates and GFR
measured by a reference procedure should be considered
[67]. At our centre, we selectively measure CysC in
children whom we feel SCr-eGFR is particularly inaccu-
rate (e.g., wheelchair bound child, evaluated for CKD)
and when there is great uncertainty we pursue gold
standard GFR measurement.
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Other Serum Markers

Other serum markers of GFR have been investigated for
estimating GFR in children, including beta trace protein
(BTP) and beta 2-microglobulin (B2M), both low molec-
ular weight proteins which are freely filtered at the glo-
merulus [68-70]. Little research on these markers has been
performed, and future studies will elucidate the extent to
which they may offer more accurate GFR estimation than
is currently feasible with SCr and CysC [60, 71].

Conclusion and Proposed Application

Although there has been a large amount learned on how to
measure GFR, estimating GFR as accurately as possible
using SCr and on novel markers of GFR, there remain
many knowledge gaps. For example, although iohexol GFR
plasma disappearance measurement method for measuring
GEFR is likely the best characterized and most valid current
feasible method to measure GFR, the extent to which this
method is different to the most commonly used tracer
methods is not known. Although we now have new can-
didate serum GFR markers, like CysC, more accurate for
estimating GFR, whether we should actually replace SCr
for CysC or in what patients to do so, is unclear. What is
clear is that inaccurate GFR measurement or estimation can
potentially impact negatively on patients, such as when
screening for CKD (overdiagnosis or missed diagnoses),
dosing life-saving medications or making critical decisions
on prognosis and dialysis initiation in patients with CKD.
We propose that given the current state of knowledge and
available evidence, when screening for CKD, or estimating
GFR in the hospital setting, the bedside Schwartz formula
should generally be adequate. However, one must always
look for patient characteristics which may be associated
with potential for inaccuracy of GFR estimation using this
equation (e.g., very low muscle mass, very obese, limb
amputation, older adolescent males), especially when
critical decisions will be made based on eGFR (e.g., a
patient awaiting transplant listing). In such cases, CysC
measurement may be useful to provide a better estimate of
GFR. Should we change to using CysC to measure renal
function? It is unknown if this will lead to improved out-
comes. However, until centres and individual physicians
begin using this test or until research shows improvement
in outcomes or resource use from using CysC, we will
never know. In patients evaluated for CKD presence, one
should be cautious about assuming that “borderline” eGFR
is normal or abnormal (e.g., eGFR between 80 and 100 ml/
min/1.73 m?) given the poor precision (variability) of
current equations and consider performing a reference
standard GFR test. With regards to GFR measurement
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methods, we suggest that clinicians be aware of what
method is being used in their centre (e.g., DTPA plasma
disappearance vs. iothalamate) so as to be able to better
interpret results with knowledge of the test’s potential
limitations. For similar reasons, it is also worthwhile to be
aware of the specific test methodology used (e.g., 2 vs. 5
point-tracer plasma measurement for DTPA GFR tests).
Often, the test may be modified to fit specific patient
characteristics, such as in a child presumed to have very
low GFR, in whom requesting for prolonged post-injection
plasma measurements would be helpful. In the research
study setting, the goal should be to estimate GFR as
accurately as possible, therefore, whenever feasible, we
propose using SCr and CysC-eGFR measurement.
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