ORIGINAL ARTICLE

Serum creatinine in patients with advanced
liver disease is of limited value for identification of
moderate renal dysfunction: Are the equations for
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BACKGROUND: The Cockeroft-Gault formula (CGF) is used to
estimate the glomerular filtration rate (GFR) based on serum creatinine
(Cr) levels, age and sex. A new formula developed by the Modification
of Diet in Renal Disease (MDRD) Study Group, based on the patient’s
Cr levels, age, sex, race and serum urea nitrogen and serum albumin
levels, has shown to be more accurate. However, the best formula to
identify patients with advanced liver disease (ALD) and moderate
renal dysfunction (GFR 60 mL/min/1.73 m? or less) is not known.
The aim of the present study was to compare calculations of GFR,
using published formulas (excluding those requiring urine collections)
with standard radionuclide measurement of GFR in patients with ALD.
METHODS: Fifty-seven consecutive subjects (40% women) with a
mean age of 50 years (range 16 to 67 years) underwent 99m-technetium-
diethylenetriamine pentaacetic acid (*"Tc-DTPA) (single injection)
radionuclide measurement of GFR. To calculate GFR, three formulas
were used: the reciprocal of Cr multiplied by 100 (100/Cr), the CGF and
the MDRD formulas. Pearson’s correlation coefficient (r) and Bland-
Altman analyses of agreement were used to analyze the association
between ?"Te-DTPA clearance and the three equations for GFR.
RESULTS: The mean #"Tc-DTPA clearance was 83 mL/min/1.73 m?
(range 28 mL/min/1.73 m? to 173 mL/min/1.73 m?). Mean calculated
GFRs by 100/Cr, the CGF and the MDRD formula were
106 mL/min/1.73 m?, 98 mlL/min/1.73 m? and 86 mL/min/1.73 m?
respectively. Regression analysis showed good correlation between
radionuclide GFR and calculated GFR with r(loo/Cr)=O‘74’ r(CGF)=O.80,
T ovprDy=0-87 all at P<0.0001. The MDRD formula provided the least
bias. The Bland-Altman plot showed best agreement between GFR
calculated by the MDRD formula and 9™Tc-DTPA clearance, with only
3 mL/min/1.73 m? overestimation. There was higher variability between
radionuclide GFR and calculated GFR by the CGF and by 100/Cr.
Although there was no difference in precision, GFR calculated by the
MDRD formula had the best overall accuracy. The sensitivity and
specificity for detection of moderate renal dysfunction by the MDRD
formulas were 73% and 87%, respectively.

CONCLUSIONS: Among the Cr-based GFR formulas, the MDRD
formula showed a larger proportion of agreement with radionuclide GFR
in patients with ALD. In clinical practice, the MDRD is the best formula
for detection of moderate renal dysfunction among those with ALD.

Key Words: Cirrhosis; Cockeroft-Gault  formula; Creatinine;
Glomerular filtration rate; Liver disease

La créatinine sérique chez les patients atteints
d’une maladie hépatique avancée est peu
efficace pour dépister une dysfonction rénale
modérée : Les équations visant a évaluer la
fonction rénale sont-elles préférables ?

HISTORIQUE : La formule de Cockcroft-Gault (FCG) sert a évaluer le
taux de filtration glomérulaire (TFG) d’apres les taux de créatinine (Cr)
sérique, I'age et le sexe. Une nouvelle formule, mise au point par le groupe
d’étude sur la modification du régime en cas de maladie rénale (MRMR),
fondée sur le taux de Cr, 'age, le sexe, la race et les taux d’azote uréique
sérique et d’albumine sérique du patient, sest révélée plus exacte.
Cependant, on ne connait pas la meilleure formule pour repérer les
patients atteints d'une maladie hépatique avancée (MHA) et d’une dys-
fonction rénale modérée (TFG 60 mL/min/1,73 m?). La présente étude
visait a comparer les calculs de TFG au moyen des formules publiées (a
l'exception de celles exigeant un prélevement d’urine) a la mesure
radionucléide normalisée du TFG chez les patients atteints d'une MHA.

METHODOLOGIE : Cinquante-sept sujets consécutifs (40 % de
femmes) d’'un Age moyen de 50 ans (fourchette de 16 4 67 ans) ont subi
une mesure radionucléide du TGF au technétium 99m d’acide diéthylene
triamino-pentaacétique (*™Tc DTPA) (une seule injection). Pour cal-
culer le TFG, trois formules ont été utilisées, soit la réciproque de la Cr
multipliée par 100 (100/Cr), la FCG et la formule MRMR. Le coefficient
de corrélation de Pearson (r) et les analyses de concordance de Bland-
Altman ont été utilisés pour analyser le lien entre la clairance du 99" Tc
DTPA et les trois équations du TGE

RESULTATS : La clairance moyenne de ?™Tc DTPA était de
83/mL/min/1,73 m? (fourchette de 28/mL/min/1,73 m? a
173/mL/min/1,73 m?). Le TFG moyen calculé par 100/Cr, la FCG et la
formule MRMR étaient de 106 mL/min/1,73 m?, de 98 mL/min/1,73 m?
et de 86 mL/min/1,73 m?, respectivement. Lanalyse de régression a
démontré une bonne corrélation entre le TFG radionucléide et le TFG
calculé par T lOO/Cr)=O‘74’ r(FCG)=O,80, r(MRMR)=O'87’ tous 2 P<0,0001. La
formule MRMR était la moins biaisée. La courbe de Bland-Altman
révélait la meilleure concordance entre le TFG calculé par la formule
MRMR et la clairance 9™ Tc DTPA, avec une surestimation de seulement
3 mL/min/1,73 m?. On constatait une plus grande variabilité entre le TFG
radionucléide et le TFG calculé par la FCG et le 100/Cr. Méme s'il n’y
avait aucune différence de précision, le TFG calculé par la formule
MRMR était la plus précise. La sensibilité et la spécificité de détection
d’une dysfonction rénale modérée par la formule MRMR étaient de 73 %
et de 87 %, respectivement.

CONCLUSIONS : Parmi les formules pour calculer le TFG fondées sur
la Cr, la formule MRMR démontrait la meilleure concordance avec le
TFG radionucléide chez les patients atteints d'une MHA. En pratique
clinique, la formule MRMR est la meilleure pour déceler une dysfonction
rénale modérée chez les personnes atteintes d'une MHA.
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oth worldwide and in Canada, the burden of chronic liver

disease and cirrhosis is significant (1,2). Renal dysfunction is
a major complication that accompanies cirrhosis and is
associated with poor prognosis (3), especially after liver
transplantation. Serum creatinine (Cr) is increasingly being
incorporated into prognostic models for patients with decompen-
sated cirrhosis (4,5) and for allocation of organs for liver
transplantation (6). However, renal dysfunction in patients with
advanced liver disease (ALD) is often difficult to assess due to
poor methods for estimating renal function in this patient
population (7-10).

In general, Cr and urea clearance are used to estimate
glomerular filtration rate (GFR). Using Cr-based methods to
estimate GFR in ALD patients is problematic for multiple
reasons. Decline in hepatic functional capacity results in
decreased creatine production and lower serum Cr levels. ALD
patients are known to have less skeletal muscle mass, resulting in
diminished creatine storage and less conversion of creatine to Cr.
All of these factors lead to a decreased serum Cr level in ALD
patients, making Cr an unreliable factor in estimating GFR (11).
Analytical methods used to determine the serum Cr concentra-
tion can also result in variability in Cr levels. The kinetic Jaffe
method is commonly used to measure serum Cr levels and can be
interfered with by elevated serum bilirubin levels, resulting in
false low Cr levels (12).

Many formulas have been published to estimate GFR using
serum Cr levels. The simplest is the reciprocal of serum Cr
calculated as 1/Cr, with Cr in mg/dL (13). The most widely
used formula to estimate filtration is the Cockeroft-Gault
formula (CGF):

(140 —age) x weight
Crx72

with age in years, weight in kg and Cr in mg/dL; this formula
is modified for women (14):
(140 — age) x weight
Crx85
In 1999, the Modification of Diet in Renal Disease (MDRD)

Study Group published a more accurate method to estimate
GFR from serum Cr based on demographic and serum variables:

170 x (Cr)9999 x (age) 0176 x (0.762 if patient is female) x
(1.18 if patient is black) x (urea nitrogen)017 x (albumin)+0-318

with age in years, Cr, urea nitrogen and albumin in mg/dL
(15). These equations have been validated in patients with
end-stage renal disease (16,17) and in renal transplant recipi-
ents (18,19). The MDRD formula has been used to estimate
renal function in liver disease and transplantation (20-22).
Recently, Skluzacek et al (23) compared renal with plasma
clearance of 125-iodine (12°I) iothalamate, as well as compared
the CGF with the MDRD formula to estimate renal function in
a small patient group with ALD. Gonwa et al (24) evaluated
the performance of these formulas in a large database for both
pre- and postliver transplantation. Neither study reported on
bias, precision or accuracy of the various calculated GFR
formulas. The proper validation of the MDRD formula in ALD
patients is important because serum Cr, urea nitrogen and
albumin levels are variables that change with ALD. More
importantly, these formulas need to be assessed in the context
of identifying patients with ALD who truly have significant
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renal dysfunction (stage 3 or worse as defined by the Kidney
Disease Outcomes Quality Initiative [KDOQI] Chronic Kidney
Disease Classification) (25).

The aim of the present study was to compare estimates of
GFR using published formulas (excluding those requiring urine
collections) with standard radionuclide measurements of GFR in
patients with ALD. We used the reciprocal for Cr, the CGF
and the MDRD formulas for GFR estimation.

METHODS

Fifty-seven consecutive patients with ALD (excluding those
presenting with fulminant liver failure) referred for liver
transplantation assessment underwent routine radionuclide GFR
measurement using 99m-technetium-diethylenetriamine pentaacetic
acid (P"Tc-DTPA) by the Russell two-point sample technique
following single bolus intravenous injection (26). All patients
undergoing radionuclide assessment had clinically stable
hemodynamics and renal function. ™ Te-DTPA clearance was used
as the reference GFR because it has the same volume distribution,
transit time and plasma clearance as inulin (Pearson’s correlation
coefficient [r]=0.98) (27).

Height and weight were measured on the morning of the
study. All patients ingested 500 mL to 750 mL of water over a
2 h period before the procedure. An intravenous bolus of 5 mCi
of PMTc.DTPA (DRAXIMAGE Inc, Canada) was administered
into one arm with the residual activity in the syringe checked
after injection through imaging. The blood samples were drawn
from the contralateral arm. All chemical analyses and gamma
counting were performed by routine methods at the Queen
Elizabeth II Health Sciences Centre (Halifax, Nova Scotia).
Clearances were calculated using standard formulas and were
normalized to a body surface area of 1.73 m?.

Demographic and clinical data were retrieved from the liver
transplantation database. The reciprocal of Cr, the CGF and the
MDRD formulas were used; for conversion, serum Cr of 1 mg/dL
equalled 88.4 pmol/L. To render the calculated GFR comparable,
the reciprocal of Cr in mg/dL multiplied by 100 (100/Cr) was used.

All data were entered into Microsoft Excel (Microsoft Co,
USA). Simple statistics (mean difference, relative percentage
difference) were used to compare the radionuclide GFR with each
of the other three methods using SAS version 8.2 (SAS Institute
Inc, USA). The association between GFR and formulas was
evaluated using Pearson’s t, as well as the Bland-Altman plot (28)
to describe the agreement using S-Plus 6.1 (Insightful, USA). All
variables are given as mean + SD or with +95% CI. P<0.05 was
considered significant.

The mean absolute difference between GFR (*™Tc-DTPA
clearance) and calculated GFR was used to calculate bias. The
precision of the formulas were expressed as the root mean square
error. The accuracy was measured as the proportion of GFR
estimates within 10%, 30% and 50% deviation of the reference
GFR. Finally, sensitivity and specificity for each of the
calculated GFR were determined at the cut-off point of
60 mL/min/1.73 m? (moderate renal dysfunction).

RESULTS
Etiology of ALD varied among the patients studied, with
Laennecs cirrhosis and cryptogenic cirrhosis being most preva-
lent. Severity of ALD was measured using the Child-Pugh score
with 14% Child-Pugh class A, 33% Child-Pugh class B and
53% Child-Pugh class C. All but one patient were Caucasian.
Mean height and weight were 1.65 m and 81 kg, respectively;
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TABLE 1
Characteristics of patients (n=57) with advanced
liver disease

Characteristics

Sex, male 34 (60)
Age, years 50411
Height, cm 165411
Weight, kg 81417
Caucasian 56 (98)
Diabetes 13 (23)
Etiology of liver disease
Laennecs cirrhosis 17 (30)
Cryptogenic cirrhosis including 15 (26)
nonalcoholic steatohepatitis
Viral hepatitis B or C 11 (19)
Primary sclerosing cholangitis 7(12)
Primary biliary cirrhosis 6 (11)
Autoimmune hepatitis 2 (4)
Metabolic liver diseases 2 (4)
Other 3(5)
Mean arterial pressure, mmHg 86111
Creatinine (range 65 pmol/L to 115 pmol/L) 87+35
Urea nitrogen (range 5.2 mmol/L to 9.5 mmol/L) 6.5+4.7
Albumin (range 36 g/L to 50 g/L) 28+6
Child-Pugh class
A 8 (14)
B 19 (33)
Cc 30 (53)

Results reported as n (%) or mean + SD

23% were diabetic. Mean arterial pressure was 86 mmHg. Mean
serum Cr and urea levels were within normal limits. Mean serum
albumin level was lower than normal; mean serum total bilirubin
level and the international normalized ratio were elevated above
the upper limit of normal in the patients studied. Characteristics
of the patients studied are summarized in Table 1.

The mean ??™Tc-DTPA clearance was 83 mL/min/1.73 m?
(range 28 mL/min/1.73 m? to 173 mL/min/1.73 m?). Mean
calculated GFR for 100/Cr, the CGF and the MDRD formula
was 106 mL/min/1.73 m?, 98 mL/min/1.73 m? and
86 mL/min/1.73 m?, respectively. Even in patients with refer-
ence radionuclide GFR less than or equal to 60 mL/min/1.73 m?,
the serum Cr level ranged between 54 pmol/L and 263 pmol/L
(median 104 pmol/L).

The simple statistics summarizing the comparison of each
method with #Tc-DTPA are shown in Table 2. The mean
MDRD did not differ from the mean #™Tc-DTPA clearance
(P=0.414). Both 100/Cr and the CGF overestimated the
mean 2MTc-DTPA clearance (P<0.001). All three methods
demonstrated large standard errors in the difference,
suggesting limited precision. The regression analysis showed
good degrees of association with Pearson’s r(;qyc=0.74,
r(CGF)=O‘80 and r(MDRD)=O’87 (Figure 1), all at P<0.0001.
Pearson’s coefficient of determination or the r? value was best
associated with the MDRD formula and ™Tc-DTPA
(Table 2). Figure 2 summarizes the accuracy of the three
calculated GFR formulas within 10%, 30% and 50%; the
MDRD formula was the best among the three formulas.
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TABLE 2

Results of statistical analysis of the Modification of Diet in
Renal Disease (MDRD) formula, the reciprocal of creatinine
(Cr) multiplied by 100 (100/Cr) and the Cockcroft-Gault
formula (CGF) compared with 99m-technetium-
diethylenetriamine pentaacetic acid (**™Tc-DTPA)
clearance

Comparison with
99MTc-DTPA clearance

Cockcroft-
MDRD formula 100/Cr Gault formula
Mean, mL/min/1.73 m? 86.21 106.49 98.11
(76.32,96.10) (112.36,132.32) (103.79,132.70)
Mean difference, 3.45 23.74 15.36
mL/min/1.73 m?2 (-4.94,11.84)  (15.23, 32.24) (8.32, 22.40)
Percentage 4.00 22.29 15.66
difference, % (-5.73,20.39) (14.30, 30.28) (8.48, 22.83)
Relative percentage 417 28.68 18.56
difference, % (-5.97,14.31)  (18.40, 38.96) (10.05, 27.07)
r 0.874 0.739 0.804
r2 0.764 0.546 0.647
Bias (mean absolute 23.42 30.99 23.59
difference), (17.78,29.08)  (24.37, 37.61) (18.44, 28.75)
mL/min/1.73 m?2
Precision (root mean 31.53 39.66 30.45

square of difference), (23.78, 37.72) (29.19, 47.89)
mL/min/1.73 m2

(23.15, 36.31)

Sensitivity*, % 72.72 27.27 45.45
Specificity*, % 86.96 95.65 93.48
95% limit of (-78.10, 51.58) (-81.38,21.96) (-72.04, 26.75)

agreement

95% Cls shown in parentheses. *Sensitivity and specificity calculated for mod-
erate renal dysfunction (glomerular filtration rate 60 mL/min/1.73 m? or less);
r Pearson’s correlation coefficient: r2 Pearson’s coefficient of determination

An alternative statistical method to compare methods of
measurement is the Bland-Altman plot, which shows agreement
between a test method and the reference. It uses 95% limits of
agreement to define the range within which most differences
between measurements lie (28). The Bland-Altman plot
revealed that the 100/Cr formula resulted in a mean
overestimation of 24 mL/min/1.73 m? with limits of agreement
between —-81 mL/min/1.73 m? and 22 mL/min/1.73 m?
(Figure 3A). The CGF overestimated the mean by
15 mL/min/1.73 m? with limits of —72 mL/min/1.73 m? and
27 mL/min/1.73 m? (Figure 3B). The MDRD formula had the
highest level of agreement with GFR measured by 2™Tc-DTPA
clearance, with an overestimation of 3 mL/min/1.73 m?, and
limits of agreement between —78 mlL/min/1.73 m? and
52 mL/min/1.73 m? (Figure 3C). These figures had a GFR of
60 mL/min/1.73 m? or less; the difference was the least
between the reference GFR and the MDRD formula.

Table 2 also provides the sensitivity and specificity of each
calculated GFR formula for moderate renal dysfunction
(cut-off point 60 mL/min/1.73 m?). The sensitivity was best for
the MDRD formula.

DISCUSSION
The data shown here confirm previous studies stating that renal
dysfunction is underestimated in patients with ALD (7-9).
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Figure 1) Relationship of glomerular filtration rate (GFR) measured by
99m-technetium-diethylenetriamine pentaacetic acid clearance to GFR
estimation using 100/creatinine (Cr), the Cockeroft-Gault formula
(CGF) and the Modification of Diet in Renal Disease (MDRD) formula.
The lines represent the regression line of best fit with Pearson’s correlation
coefficient T(IOO/CT):O'74' 7GRy =0-80 and T(MDRD):O'87’ P<0.0001
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Figure 2) Accuracy of different creatinine (Cr)-based glomerular
filtration rate (GFR) calculations expressed as the percentage of estimates
with 10%, 30% and 50% of the reference GFR as measured by
99m-technetium-diethylenetriamine pentaacetic acid clearance. The
highest accuracy within 10% was found for the Modification of Diet in
Renal Disease (MDRD) formula at 26%. CGF Cockeroft-Gault
formula

The use of 22" Tc-DTPA clearance as reference

Although inulin clearance is the gold standard for the meas-
urement of GFR (11), this method is cumbersome and is used
mainly as a research tool. In clinical practice, GFR
measurements by radioisotope filtration markers have gained
prominence because of their simplicity. The renal clearance of
9T DTPA, 169-ytterbium-DTPA or 1%]-iothalamate, adminis-
tered as a single intravenous or subcutaneous injection, can be
used to accurately measure GFR compared with using inulin
clearance (12). All three radioisotopes are routinely used;
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Figure 3) Bland-Altman comparison plots, which measure the agreement
between  glomerular ~ filtration rate  (GFR) measured by
99m-technetium-diethylenetriamine pentaacetic acid clearance, and
A 100/creatinine (Cr), B the Cockeroft-Gault formula (CGF) and the
C Modification of Diet in Renal Disease (MDRD) formula.
The mean difference is indicated by the centre line; 95% limits of
agreement are indicated by the upper and lower lines. The MDRD
formula shows the highest level of agreement with 99m-technetium-
diethylenetriamine pentaacetic acid clearance, overestimating renal func-
tion by 3 mL/min/1.73 m? (P=0.414), while the CGF and 100/Cr
overestimated renal function with significant difference (P<0.001)

however, it has been shown that 169-ytterbium-DTPA and
12T jothalamate have higher clearance values compared with
9mTe.DTPA or inulin (12). These radioisotope filtration markers
are alternatives to inulin clearance as a standard reference for
measurement of GFR (29), especially in routine clinical practice

(30).
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Comparison of GFR formulas in ALD patients

The analysis showed that ?™Tc-DTPA clearance correlated
strongly with all three formulas. However, the scatter plot
(Figure 1) illustrates the overestimation of %™Tc-DTPA
clearance. The correlation between two measurement tools
looks at how well the measurements are linearly related, not
the agreement between them (31). The correlation also
ignores the bias in each estimate of GFR and measures the
relative agreement rather than the absolute agreement.
Graphical representation, such as the Bland-Altman plot, is
one alternative method preferred over correlation analysis to
measure agreement in method comparison studies (28,31).
Using this method, we determined that the MDRD formula
provides the narrowest 95% limits of agreement.

The MDRD formula was also more accurate in the
prediction of GFR measured by ?*®Tc-DTPA clearance as
demonstrated by the lowest mean difference. This formula is
based on age, sex and serum Cr levels (as is the more
commonly used CGF), as well as serum albumin and serum
urea nitrogen levels. ALD patients are often malnourished
and have decreased albumin and urea production by the liver,
that can lead to low serum albumin and urea levels (32). The
formula seems to be structured to compensate for this. The
other major difference between the MDRD formula and the
CGF is that the MDRD formula does not factor in patient
weight. Most ALD patients have moderate to significant
ascites and edema, leading to increased weight. Patient
weight is found in the numerator of the CGF, indicating that
an overestimation in GFR would occur, which is exactly what
is observed clinically.

Our results indicate that the MDRD formula may provide
better estimates of 2™ Tc-DTPA clearance on average compared
with the more common CGE The correlation analysis and
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Bland-Altman plots provided estimates of the measurement
errors, not indications of acceptability. It is the result of the
measurement errors that decides the appropriateness of the
methods. The MDRD formula provided limits of agreement that
were clinically acceptable in our patient population.

Clinical implications
Using the CGF or 100/Cr method to estimate GFR in patients
with ALD can lead to an overestimation of GFR by
15 mL/min/1.73 m? and 24 mL/min/1.73 m?, respectively. In a
clinical situation, this overestimation may result in overlooking
renal dysfunction. Renal function has significant prognostic
implications in the course of liver disease. It is a key factor in
the determination of transplant status. As well, many medica-
tions that are used both pre- and postliver transplantation are
cleared by the kidneys and, therefore, true renal function is an
important factor in correct dosage and therapeutic monitoring.
If the clinician is unaware of the severity of renal
dysfunction, further damage may be done to the kidneys
through procedures and medications, possibly resulting in
hepatorenal syndrome, which is associated with significant
mortality (33,34). The present study indicates that the
MDRD formula for GFR estimation is more accurate on
average than the CGF and 100/Cr, providing clinically
acceptable limits of agreement with small underestimated
99mTe.DTPA clearance.
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