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INTRODUCTION

ABSTRACT
INTRODUCTION: Accurate assessment of glomerular filtration rate (GFR) is important

in the critically ill. Kinetic estimate of GFR (keGFR) considers the changes of creatinine,
creatinine production rate, and volume of distribution hence postulated to be a more
accurate estimate of GFR, where there are rapidly changing kidney functions. We
evaluated the association of the estimated GFR by established equations and keGFR
with creatinine clearance (CrCl) measurement. MATERIALS AND METHODS: This is a
prospective observational study of critically ill patients. Inclusion criteria were patients
older than 18 years old with sepsis (clinical infection and increase in SOFA score>2),
and plasma procalcitonin>0.5ng/ml. Plasma cteatinine and Cystatin C (CysC) were
measured on admission and 4 hours later, and the eGFR was calculated by the
Cockcroft Gault (CG), MDRD, CKD-EPI, and keGFR equations, and compared to the
CrCl measurement. RESULTS: A total of 70 patients were recruited. eGFR by all 4
equations strongly correlates with CrCl. keGFR had the least bias depicted by the mean
differences nearest to zero (-18ml/min). Similarly, keGFRcyc had less bias than
eGFReysc, with a mean difference of -21ml/min. eGFRcg had the greatest precision
depicted by the narrower SD lines, however, the precision of both keGFR were not
much different compared to those of eGFRcg. CONCLUSIONS: In critically ill patients
with sepsis, keGFR¢; and keGFRcyc had the least bias and fair precision when
compared to creatinine clearance measurement. In the absence of creatinine clearance

measurement, keGFR calculations are useful as a surrogate for kidney function.

Accurate assessment of glomerular filtration rate (GFR) in
critically ill patients is very important for diagnostic and
therapeutic intervention.!2 GFR is best calculated using
inulin or radioactive markers, such as 3Cr-EDTA3# or
9mTc-DPTA,> however this is cumbersome and not
routinely available in the clinical setting. Most clinicians
use plasma creatinine as a surrogate by estimating GFR
using various equations including Cockcroft Gault
equation,® Modified Diet in Renal Disease (MDRD)7. or
Chronic Kidney Disease Epidemiology (CKD-EPI)?
equations. However, these equations have various
limitations to be used in the ICU. Kinetic estimate of
GFR (keGFR) has been shown to be a more accurate

estimate of GFR in acute settings, where there are rapidly

changing kidney functions.”!2 Since then, many studies
have shown the utility of keGFR in diagnosing acute
kidney injury (AKI), staging severity, predicting renal
recovery, medication dosing, and in cardiac surgical

patients 13-17

Estimates of GFR and keGFR have also been developed
for plasma Cystatin C (CysC), a novel functional
marker for the kidney.1018 Creatinine clearance (CtCl) is
determined from a timed urine collection, ideally 24
hours, however durations as short as 2 hours to 4 hours
have been used, and it has been the most common
method used to measure GFR.1” Limitation of this

method is the tubular secretion of creatinine that
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may overestimate GFR by 10 to 20%, furthermore, its
measurement needs a continuous collection of urine,

hence cumbersome to be used in daily clinical practice.220

We investigated which methods of eGFR and keGFR
estimations best correlate with CrCl. We evaluated the
association of the estimated GFR by conventional method
and keGFR for creatinine and CysC with creatinine
clearance measurement. This is useful for practising
clinicians in the intensive care unit, as the estimation-
based calculation can be used helpfully as a surrogate for

creatinine clearance.

MATERIALS AND METHODS

This was a prospective observational study at the ICU of
Hospital Tengku Ampuan Afzan, Kuantan and IIUM
Medical Centre. The study was registered under the
Malaysian National Medical Research Register (NMRR-14
-1897-21447). Ethical approval was obtained from the
Malaysian Medical Ethics and Research Committee
(MREC Number P15-1597). Consent from a legally-
obtained. All
admitted to the ICU during the study period were

accepted representative was patients
screened for inclusion and exclusion criteria. Inclusion
criteria include age more than 18 years old who stayed in
the ICU longer than 48 hours, Sepsis: defined clinical
infection and acute increase in SOFA score of more than
2 organs, and Plasma procalcitonin (PCT) >0.5 ng/ml.
Exclusion criteria include already having severe AKI on
admission: defined as needing dialysis, creatinine three
times the baseline, or urine output of less than 0.3 ml/kg/

h.

Plasma creatinine and Cystatin C were measured on
admission and 4 hours later. Plasma creatinine was
analysed using the Olympus AU2700™ chemistry-
immunoanalyser (Okympus, Philadelphia, USA). Estimates of
GFR (eGFR) were calculated using the Cockcroft-Gault,°
MDRD,” CKD-EPI formula.® Plasma Cystatin C was
measured using FineCare Cystatin C Rapid Test (Wondfo
Biotech). eGFRcysc was calculated using the CKD-EPI

formula.’8 Kinetic estimates of GFR (keGFR) was
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calculated using a formula by Chen and Pickering.%10 Urine
assayed using Olympus AU2700™
chemistry-immunoanalyser  (Ohmpus, Philadeiphia, USA).

creatinine was
Four-hour creatinine clearance was calculated for each

patient.!?

Statistical Analysis

Results are presented as mean * SD for normally
distributed variables or median (inter-quartile range) for

of

variables between the two groups was analyzed using the

non-normally  distributed variables. Comparison
independent t-test for normally distributed variables or the
Mann-Whitney test for non-normally distributed variables.
Categorical variables were compared with the Chi-Square
test. Correlation between the methods was analysed using
Spearman correlation analysis. The agreement of the
methods was analysed using the Bland-Altman plots. The
Bland-Altman plot the difference against the mean
between eGFR and CrCl. Bias was shown as the total
mean differences between eGFR and CrCl with zero.
Precision is shown as the * 1.96 standard deviations of
between the two

the mean differences. Differences

methods were analysed using Wilcoxon sign rank tests.

RESULTS

Demographic and clinical characteristics

A total of 70 patients were recruited. Eight patients
(11.4%) needed dialysis, and 15 (21.4%) died. Table 1
shows the demographic, clinical characteristics, and

outcome of these patients.

Correlation Analyses

Scatter plots of association between eGFR by CG,
MDRD, and CKD-EPI and CtCl were shown in Figure 1.
eGFR by all 4 equations strongly correlates with CrCl,
with all p<0.0001. Correlation between the methods was
analysed using the Spearman correlation analyses (Figure

1). The correlation coefficient ranges from 0.71 to 0.96.
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Table I: Demographic and clinical characteristics

Variables n=70
Age (years) 51+18
Ethnicity
Malay 59 (84.3)
Chinese 4(5.7)
Indian 229
Orang Asli 3 (4.3)
Others 2(2.9)
Gender (Male) 42 (60.0)
Weight (kg) 66 17
Height (cm) 161 +8
SOFA score 56+3.2
APACHE 11 score 143 £5.6
Admission Category
Medical 51 (72.9)
Surgical 19 (27.1)
Primary Admission Category
Neurological 2(2.9)
Respiratory 26 (37.1)
Infection 7 (10.0)
Hepatobiliary 3 (4.3)
Renal 229
Cardiovascular 6 (8.6)
Gastrointestinal 13 (18.6)
Trauma 3 (4.3)
Endocrine/Metabolic 4(5.7)
Haematology 1(1.4)
Connective Tissue 34.3)

Data expressed as mean + SD, n (%), or median (lower quartile — upper quartile).
APACHE II Score: Acute Physiological and Chronic Health Evaluation IT Score.
SOFA Score: Sequential Organ Failure Assessment.
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Figure 1: Scatter Plots of association between creatinine clearance with of GFR by (A)
Cockeroft Gault (eGFRcr.cq), (B) Modified Diet in Renal Disease (e€GFRcrvprp) (C)
Chronic Kidney Disease Epidemiology Collaboration (eGFRcr.ckpepr), (D) keGFRe;, (E)
eGFReysc and (F) keGFRcysc. eGFR, estimated glomerular filtration; CG: Cockeroft-Gault;
MDRD, Modification of Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease-
Epidemiology Collaboration; keGFR: kinetic estimates of glomerular filtration rate; Cr:
Creatinine; CysC: Cystatin C

Differences in distribution

The differences in the distribution of eGFR and keGFR

and CrCl were analysed using Wilcoxon rank analysis

(Table II). There were no differences in the distribution of
eGFR by CG, MDRD, keGFR for both creatinine and
CysC with CrCl. However, the distribution differed
significantly for eGFR by CKD-EPI equations for both
creatinine and CysC (p=0.04 and 0.001, respectively).

Table II: Wilcoxon analysis of eGFR and keGFR with creatinine clearance
(CeCl)

p-value
eGFRcrco 0.29
eGFRceMpRD 0.60
eGFRcr-ckpEPI 0.04
keGFRc: 0.01
eGFReysc.ckprpt 0.001
keGFRepe 0.74

eGFR, estimated glomerular filtration; CG: Cockeroft-Gault; MDRD, Modification
of Diet in Renal Disease; CKD-EPI, Chronic Kidney Disease-Epidemiology
Collaboration; keGFR: kinetic estimates of glomerular filtration rate; Cr: Creatinine;
CysC: Cystatin C

Agreement between eGFR and CrCl

The agreement between eGFR by these methods was
further evaluated by Wilcoxon signed-rank the Bland
Altman plots (Figure 2). keGFR¢: had the least bias
depicted by the mean differences nearest to zero (-18 ml/
min). Similar to creatinine-based eGFR, keGFRcysc had
less bias than eGFRcysc when compared to CrCl, with a
mean difference of -21 ml/min (Table III). eGFRc:.cG had
the greatest precision depicted by the narrower SD lines,
however, the precision of both keGFRc: was not much

different compared to those of eGFRcrca.
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Figure 2: Bland Altman Plot of the differences and mean between creatinine clearance
(CrCl) with (A) Cockcroft Gault (eGFRcrcg), (B) Modified Diet in Renal Disease
(eGFRcrmprp) (C) Chronic Kidney Disease Epidemiology Collaboration (eGrrcr-cKDEPI),
(D) keGFRc;, (E) eGFReysc and (F) 1 GFReysc. eGFR, estimated glomerular filtration;
CG: Cockcroft-Gault; MDRD, Modification of Diet in Renal Disease; CKD-EPI,
Chronic Kidney Disease-Epidemiology Collaboration; keGFR: kinetic estimates of
glomerular filtration rate; Cr: Creatinine; CysC: Cystatin C

IMJM Volume 21 No.2, April 2022

117



Table III: Mean Differences and SD e¢GFR and keGFR with creatinine
clearance (CrCl)

Mean Differences ~ SD

eGFRerco -26.7 108.7
eGFRceMpRD -23.8 119.8
eGFRer.ckpEpPL -50.0 130.0
keGFRc: -18.6 125

eGFReysc.ckpEp! -67.6 133.8
keGFRcysc -21.7 124.0

eGFR, estimated glomerular filtration; CG: Cockeroft-Gault; MDRD,
Modification of Diet in Renal Disease; CKD-EPI, Chronic Kidney
Disease-Epidemiology ~ Collaboration; keGFR: kinetic estimates of
glomerular filtration rate; Cr: Creatinine; CysC: Cystatin C

DISCUSSION

We evaluated the association of the estimated GFR by
and keGFR with

clearance measurement. Estimated GFR by all four

conventional method creatinine
equations studied strongly correlates with CrCl. Kinetic
estimates of GFR had the least bias depicted by the mean
differences neatest to zero (-18 ml/min). Similatly,
keGFRcyc had less bias than eGFRcysc, with a mean
difference of -21 ml/min. eGFRcg had the greatest
precision depicted by the narrower SD lines, however, the
precision of both keGFR was not much different
compared to those of eGFRce.

Sepsis is the leading admission cause in our ICU, and
most contributing to the development of AKI.21.22 Hence,
accurate assessment of GFR to identify high-risk patients
for AKI is of utmost importance to enable early
supportive and therapeutic intervention. Clinically, eGFR
is evaluated wusing the existing eGFR equations,
including the Cockcroft-Gault,t MDRD,” and CKD-EPI®
equations. The limitation of these equations was that they
were developed from the data of CKD patients, hence are
not accurate in critical settings with rapidly changing

kidney functions.?23

Kinetic estimate of GFR (keGFR), proposed by Chen'2 in
2013 considers the quantitative changes of creatinine over
time, creatinine production rate, and the volume of
distribution, hence, this estimate is suggested to be more
useful in the critically ill.'4 The utility of keGFR in
diagnosing AKI has been shown to be useful in the
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critically ill,"* cardiac surgery patients!” and kidney
transplantation.!” However, the limitation of calculation
of keGFR needs serial measurement of creatinine, and it
involves assumptions and its accuracy, and complex
calculation involving the time differences, creatinine
production, and maximum creatinine produced.®!3
Nevertheless, there are now various applications that
have been developed to assist clinicians in using keGFR

as a bedside tool.24

We showed that in critically ill patients with sepsis,
keGFR creatinine had the least bias than all the other
creatinine-based eGFR equations when compared to
measured CrCl. Compared to the MDRD equation,
keGFR better predicted AKI and dialysis in 107 critically
il patients.!* In a large study involving a database of
13,284 ICU patients,?> the worst keGFR value within
seven days of ICU admission was associated with the
hard outcome of dialysis and mortality, similar to another
study of 60 paediatric ICU patients.26 However, in 3760
critically ill patients aged 90 days to 25 years old, keGFR
was not independent with AKI.2” Dewitte et al., (2015)16
showed that the addition of keGFR to novel biomarkers
predicts AKI recovery and major adverse kidney events
in 245 ICU patients. It has also been shown to assist in

medication dosing in 946 critically ill patients.!>

Cys C is a better marker of filtration due to its shorter
half-life and is unaffected by muscle mass and diet.28 Cys
C-based eGFR and keGFR had been developed using a
similar methodology.10.18 There were conflicting results in
the utility of CysC based eGFR in predicting outcome.2-
32 Whereas, CysC based keGFR has been shown to
improve prediction of delayed graft function in 56 kidney
transplant cases.!” We showed that similar to creatinine-
based keGFR and eGFR, Cys C-based keGFR has less

bias compared to its eGFR counterpart.

In this study we used CtCl as the comparison, hence
limitations occur as CrCl overestimates GFR due to
contribution from secreted creatinine in the proximal
tubules.2 In addition, the method is confounded by
variation of urine output due to the pathophysiological

and intervention, and accuracy of time collection of urine



output, especially in a longer duration of collection. In
this study, we used a 4-hour CrCl collection as a shorter
timed collection of four hours has been shown to be
accurate to the longer duration of collection.’ Future
studies comparing both creatinine and CysC based eGFR
and keGFR with measured GFR using inulin or

radioactive clearance in critically ill patients is warranted.
LIMITATIONS OF THE STUDY

First, it is a small study involving sepsis patients only.
Hence, unable to generalise to other critically ill patients.
Second, we did not measure the gold standard of GFR
measurement using Inulin or radioactive clearance. Third,
four-hour creatinine clearance was measured rather than
24 hours. However, a previous study has shown that four-

hour clearance is accurate as 24 hours.!?

CONCLUSION

In critically il patients with sepsis, keGFR¢r and
keGFRcysc had the least bias and fair precision when
compared to creatinine clearance measurement. In the
absence of creatinine clearance measurement, keGFR
calculations are useful as a surrogate for kidney function.
Its easiness of use and the low cost involved should
encourage more clinicians to incorporate its use in daily

clinical practice.

CONFLICT OF INTEREST

None

ACKNOWLEDGEMENT

This study was funded by the Ministry of
Higher Education Fundamental Research Grant Scheme
(FRGS/1/2019/SKK02/UIAM/02/1,FRGS19-184-0793).

REFERENCES
1. Diego E, Castro P, Soy D, et al. Predictive

performance of glomerular filtration rate estimation

equations based on cystatin C versus serum creatinine

119

values in critically ill patients. American Journal of
Health-System Pharmacy 2016; 73: 206-215.
Bragadottir G, Redfors B, Ricksten S-E. Assessing
glomerular filtration rate (GFR) in critically ill
patients with acute kidney injury - true GEFR versus
urinary creatinine clearance and estimating equations.
Critical Care 2013; 17: R108.

Rolim Chaves AA, Buchpiguel CA, Praxedes JN, et
al. Glomerular Filtration Rate Measured By 51Ct-
EDTA clearance: Evaluation of captopril-induced
changes in hypertensive patients with and without
renal artery stenosis. Clinics 2010; 65: 607—612.
Assadi M, Eftekhari M, Hozhabrosadati M, et al.
Comparison of methods for determination of
glomerular filtration rate: Low and high-dose Tc-99m
-DTPA renography, predicted creatinine clearance
method, and plasma sample method. International
Urology and Nephrology 2008; 40: 1059-1065.
Petersen L. Glomerular filtration rate estimated from
the uptake phase of 99Tc-DTPA renography in
chronic renal failure. Nephrology Dialysis
Transplantation 1999; 14: 1673-1678.

Cockceroft DW, Gault H. Prediction of Creatinine
Clearance from Serum Creatinine. Nephron 1976; 16:
31-41.

Levey AS. A More Accurate Method To Estimate
Glomerular Filtration Rate from Serum Creatinine: A
New Prediction Equation. Annals of Internal
Medicine 1999; 130: 461.

Levey AS, Stevens LLA, Schmid CH, et al. A New
Equation to Estimate Glomerular Filtration Rate.
Annals of Internal Medicine 2009; 150: 604.

Chen S. Kinetic Glomerular Filtration Rate in
Routine Clinical Practice—Applications and
Possibilities. Advances in Chronic Kidney Disease
2018; 25: 105-114.

10. Pianta TJ, Endre ZH, Pickering JW, et al. Kinetic

Estimation of GFR Improves Prediction of Dialysis
and Recovery after Kidney Transplantation. PLOS
ONE 2015; 10: €0125669.

. Endre ZH, Pianta TJ, Pickering JW. Timely

Diagnosis of Acute Kidney Injury Using Kinetic
eGFR and the Creatinine Excretion to Production
Ratio, E/eG - Creatinine Can Be Useful! Nephron

IMJM Volume 21 No.2, April 2022



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

2016; 132: 312-316.

Chen S. Retooling the Creatinine Clearance Equation
to Estimate Kinetic GFR when the Plasma
Creatinine Is Changing Acutely. Journal of the
American Society of Nephrology 2013; 24: 877-888.
Khayat MI, Deeth JM, Sosnov JA. A bedside clinical
tool using creatinine kinetics to predict worsening
renal injury and early recovery. Clinical Kidney
Journal 2019; 12: 248-252.

O’Sullivan ED, Doyle A. The clinical utility of kinetic
glomerular filtration rate. Clinical Kidney Journal
2017; 10: 202-208.

Kwong YD, Chen S, Bouajram R, et al. The value of
kinetic glomerular filtration rate estimation on
medication dosing in acute kidney injury. PLOS
ONE 2019; 14: ¢0225601.

Dewitte A, Joannes-Boyau O, Sidobre C, et al.
Kinetic eGFR and novel AKI biomarkers to predict
renal recovery. Clinical Journal of the American
Society of Nephrology 2015; 10: 1900-1910.
Seelhammer TG, Maile MD, Heung M, et al. Kinetic
estimated glomerular filtration rate and acute kidney
injury in cardiac surgery patients. Journal of Critical
Care 20106; 31: 249-254.

Inker LA, Schmid CH, Tighiouart H, et al.
HEstimating Glomerular Filtration Rate from Serum
Creatinine and Cystatin C. New England Journal of
Medicine 2012; 367: 20-29.

Pickering JW, Frampton CM, Walker R], et al. Four
hour creatinine clearance is better than plasma
creatinine for monitoring renal function in critically
ill patients. Critical Care 2012; 16: R107.

Levey AS, Perrone RD, Madias NE. Serum
Creatinine and Renal Function. Annual Review of
Medicine 1988; 39: 465—490.

Md Ralib A, Mat Nor MB. Acute kidney injury in a
Malaysian intensive care unit: Assessment of
incidence, risk factors, and outcome. Journal of
Critical Care 2015; 30: 636—642.

Nanyan S, Ralib A, Mat Nor M. Dynamic changes of
plasma neutrophil gelatinase-associated lipocalin
predicted mortality in critically ill patients with
systemic inflammatory response syndrome. Indian
Journal of Critical Care Medicine 2017; 21: 23-29.
Rule AD, Teo BW. GFR Estimation in Japan and

IMJM Volume 21 No.2, April 2022

120

24.

25.

20.

27.

28.

29.

30.

31.

32.

China: What Accounts for the Difference? American
Journal of Kidney Diseases 2009; 53: 932-935.
Dzaharudin F, Jamaludin UK, Ralib AM, et al. Model
comparison of estimated glomerular filtration rate for
acute kidney injury in intensive care unit. IOP
Conference Series: Materials Science and Engineering
2020, 788: 012030.

de Oliveira Marques F, Oliveira SA, de Lima e Souza
PF, et al. Kinetic estimated glomerular filtration rate
in critically ill patients: beyond the acute kidney injury
severity classification system. Critical Care 2017; 21:
280.

Latha AV, Rameshkumar R, Bhowmick R, et al.
Kinetic Estimated Glomerular Filtration Rate and
Severity of Acute Kidney Injury in Critically 111
Children. The Indian Journal of Pediatrics 2020; 87:
995-1000.

Menon §, Basu RK Barhight MF, et al. Utility of
Kinetic GFR for Predicting Severe Persistent AKI in
Critically 1l Children and Young Adults. Kidney360
2021; 2: 869-872.

Tangri N, Stevens LA, Schmid CH, et al. Changes in
dietary protein intake has no effect on serum cystatin
C levels independent of the glomerular filtration rate.
Kidney International 2011; 79: 471-477.
Jalalonmuhali M, Elagel SMA, Tan MP, et al.
Estimating Renal Function in the Elderly Malaysian
Patients Attending Medical Outpatient Clinic: A
Comparison between Creatinine Based and Cystatin-
C Based Equations. International Journal of
Nephrology 2018; 2018: 1-6.

Issa N, Kukla A, Jackson S, et al. Comparison of
Cystatin C and Creatinine-Based Equations for GFR
Estimation After Living Kidney Donation.
Transplantation 2014; 98: 871-877.

Delanaye P, Cavalier E, Morel ], et al. Detection of
decreased glomerular filtration rate in intensive care
units: serum cystatin C versusserum creatinine. BMC
Nephrology 2014; 15: 9.

Keddis MT, Amer H, Voskoboev N, et al. Creatinine
—Based and Cystatin C—Based GFR Estimating
Equations and Their Non-GFR Determinants in
Kidney Transplant Recipients. Clinical Journal of the
American Society of Nephrology 2016; 11: 1640—
1649.



