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Chapter 9 

Cystatin C for prediction of acute kidney injury 

based on RIFLE definitions  

Kama A Wlodzimirow, Ameen Abu-Hanna, Marcus J Schultz, Catherine SC 
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Based on: Effect of RIFLE with and without urine criteria on acute kidney 
injury and the predictive performance of Cystatin C. 
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Abstract 

Purpose: To assess the impact of two RIFLE methods (with (RIFLESCr+UO) and without 

(RIFLESCr) urine output criteria) on the predictive performance of Cystatin C (CysC).  

Materials and methods: Secondary analysis of a multicentre prospective observational 

cohort study on the predictive performance of serum CysC (sCysC) and urine CysC (uCysC) 

for AKI. 151 adult patients receiving mechanical ventilation and staying on the intensive care 

unit for at least 72 hours were included.  

Results: The incidence of AKI was significantly higher 61% versus 48% (p<0.05) and the 

difference in the distribution of timing of AKI diagnosis was significant (p<0.0001) comparing 

RIFLESCr+UO and RIFLESCr. The area under receiver operating characteristic curve based on 

RIFLESCr+UO for serum CysC was 0.72 and 0.62 and for urine CysC 0.49 and 0.46, both on 

Day –2 and Day –1 respectively. Based on RIFLESCr the performance of serum CysC 

increased to 0.75 and 0.67 on Day –2 and Day –1 respectively. Performance of urine CysC 

did not change on Day –2 but increased on Day –1 to 0.53. Those differences were however 

not significant. 

Conclusions: Ignoring the urine output criteria in RIFLE definition significantly underscores 

the incidence of AKI, delays the diagnosis of AKI and affects the discriminatory performance 

of CysC. In the future studies the definition of disease and homo/heterogeneity of the 

patients’ population should be considered before judging about the predictive ability of new 

AKI biomarkers. 
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Introduction 

Acute kidney injury (AKI) is a common complication in intensive care unit patients and is 

associated with increased morbidity and mortality 1. One reason for this may be the delay in 

the diagnosis of AKI using conventional biomarkers like urine output (UO) and serum 

creatinine (SCr). Experimental studies of AKI have demonstrated that novel therapies 

designed to reduce ischemic renal injury are most effective when administered early in the 

time course of injury, suggesting that early recognition of AKI is important to improve 

outcome 2. Cystatin C (CysC) has been proposed as an early biomarker for AKI, albeit with 

conflicting results across various settings 3, 4. Cystatin C is a low-molecular-weight protein 

(13.3 kDa), produced at a constant rate by nucleated cells, removed from the body by 

glomerular filtration and catabolised in the tubules 5. Recently, Zhang et al. performed a 

systematic review and meta-analysed the data from nine studies to investigate the predictive 

ability of serum CysC (sCysC) level for prediction of AKI 6.The pooled area under the 

receiver operating characteristic curve (AUROC) was 0.96 (95% CI: 0.95-0.97). Four studies 

investigated the diagnostic value of urine CysC (uCysC) with a pooled AUROC of 0.64 (95% 

CI: 0.62-0.65). The authors concluded that sCysC is a good biomarker in the prediction of 

AKI whereas uCysC is not. In contrast, in a mixed ICU population we recently reported that 

both sCysC and uCysC were poor biomarkers for AKI (AUROC 0.72 and 0.49, respectively) 

on the two days prior to AKI 4. Of note, in our study AKI was defined according to the original 

RIFLE definition using serum creatinine and urine output criteria (RIFLESCr+UO), while studies 

reviewed by Zang et al. defined AKI based on modified RIFLE criteria, using the serum 

creatinine criteria (RIFLESCr) only 7, 8. We recently showed, based on a different patient 

sample, that ignoring the RIFLE urine output criteria significantly decreased the estimated 

incidence of AKI and also significantly delayed the diagnosis of AKI 9. It may be that the later 

diagnosis of AKI using RIFLESCr instead of RIFLESCr+UO improves the diagnostic performance 

of sCysC. We therefore hypothesized that ignoring the RIFLE urine output in defining AKI 

would result in increased predictive performance of CysC in predicting AKI. 

 

Materials and Methods 

The present study was conducted as a secondary analysis of a multicentre prospective 

observational cohort study on the predictive performance of both sCysC and uCysC for AKI 4. 

The institutional review board of all participating hospitals approved the protocol and all 

patients or their authorized representatives gave written informed consent. Adult patients 

receiving mechanical ventilation for at least 48 hours and/or an expected length of ICU stay 

of at least 72 hours were eligible for enrolment. Detailed methods are described in the 

primary analysis 4. In short, SCr was documented daily and UO was measured hourly. Blood 
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and urine sampling for CysC measurements were performed on day of admission, next day 

and alternate days. Cystatin C was measured with an N Latex Cystatin C test kit, a particle 

enhanced immunonephelometric method, on a BN ProSpec analyzer (Dade Behring, 

Leusden, The Netherlands). During the first week patients were scored daily for presence of 

AKI based on RIFLESCr+UO and based on RIFLESCr. The lesser of pre-ICU admission SCr 

(within 1 year prior to hospital admission) and ICU admission SCr served as baseline renal 

function. If pre-ICU admission SCr was unknown then the baseline was taken as the 

minimum between the estimated baseline (based on the MDRD equation) and ICU admission 

SCr. The day on which the first RIFLE event occurred was defined as Day 0. sCysC and 

uCysC were analysed on the two days prior to Day 0 (Day –1, and Day –2 respectively). 

Patients who did not develop AKI served as controls.  

 

Statistical Analysis 

Data were analyzed using the statistical environment R version 2.15.1. Data of patients’ 

baseline characteristics were presented as number and percentage, mean ± SD, or median 

and quartiles and were compared using the t-test (for normally distributed quantities), the 

Mann-Whitney U-test, and the proportion test (for proportions). To determine the difference in 

AKI incidence, i.e. proportion of having or developing AKI in the first week of stay, we used 

bootstrapping. To test the difference in the distributions of Day 0 we calculated the 95% 

confidence interval (CI) around the two sample Kolmogorov-Smirnov D statistic using 

bootstrapping. To obtain p-values associated with the null-hypothesis that D=0, i.e. that there 

are no differences between the methods for the two distributions we used a permutation test. 

In bootstrapping and the permutation test we used 3000 resamples. To test the difference 

between AUROCs we calculated the 95% CI around the differences obtained from 3000 

bootstrap samples. In all experiments bootstrapping was based on the standard bootstrap 

procedure 10. 

 

Results 

We enrolled 170 patients, 19 of whom had incomplete data leaving 151 patients for the 

present analysis (Table 1). The incidence of AKI in the first ICU week was 61% (95%CI: 53-

69%) based on RIFLESCr+UO versus 48% (95%CI: 40-56%) based on RIFLESCr (difference of -

0.13 [95%CI: -0.18- -0.07, p < 0.05]). Figure 1 presents the distribution of Day 0 based on the 

two RIFLE methods. Based on RIFLESCr+UO 56 patients had AKI on admission and 35 

patients developed AKI after ICU admission, while based on RIFLESCr 41 patients had AKI on 

admission and 32 patients developed AKI after ICU admission. The difference in the 

distribution of timing of Day 0 between the two methods was statistically significant D=0.17 
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(95%CI: 0.11-0.23, p < 0.0001). Discarding the urine output criteria delayed the AKI 

diagnosis in 11 (31%) patients: 1 day delay in 4 patients, 2 days delay in 4 patients, 3 days 

delay in 1 patient, 4 days delay in 2 patients. Based on RIFLESCr+UO the discriminatory 

performance for sCysC was fair on Day –2 (AUROC 0.72; 95%CI: 0.58-0.87) and poor on 

Day –1 (AUROC 0.62; 95%CI: 0.50-0.75), while uCysC had no discriminatory value on Day –

2 and Day –1 (AUROC 0.49; 95%CI: 0.34-0.64 and 0.46; 95%CI: 0.33-0.59 respectively) 4. 

Based on RIFLESCr the performance of sCysC increased: AUROC 0.75; 95%CI: 0.59-0.91 on 

Day –2 and 0.67; 95%CI: 0.53-0.80 on Day –1. Performance of urine CysC did not change 

on Day –2 but increased on Day –1 AUROC 0.53; 95%CI: 0.39-0.67. The differences 

between AUROCs when AKI was diagnosed according to RIFLESCr+UO and RIFLESCr were 

however not significant both for sCysC: -0.03 (95%CI: -0.16-0.10) for Day–2, and -0.05 

(95%CI: -0.14-0.05) for Day–1 and for uCysC: -0.0005 (95%CI: -0.13-0.13) for Day–2, and -

0.07 (95%CI: -0.18-0.04) for Day–1.  

 

Table 1. Baseline characteristics 
Variables  All patients 

(n=151) 
AKI after admission 
using  RIFLESCr+UO  

(n=35) 

AKI after admission 
# 

using  RIFLESCr  
(n=32)  

Age (years) 67±15 68±15 72±11 
Men (%) 97 (64) 24 (69) 20 (63) 
BMI (kg/m2) 27±13 26±4 27±4 
APACHE II 21±11 20±8 21±9 
SAPS II 42±15 44±14 45±14 
ICU mortality (%)  15 (10) 4 (11) 3 (9) 
ICU stay (days) 4 (3-8) 8 (5-8) 8 (5-8) 
Comorbidity (%)    

Hypertension  53 (35) 14 (40) 10 (31) 
Diabetes mellitus 20 (13) 5 (14) 6 (19) 
Chronic Renal Failure 9 (6) 1 (3) 1 (3) 

Primary Diagnosis (%)    
Cardiovascular failure 10 (7) 4 (11) 4 (13) 
Cerebrovascular 
event 

2 (1) 0 0 

Hemorrhagic shock 15 (10) 2 (6) 4 (13) 
Multiple trauma   7 (5) 2 (6) 1 (3) 
Peripheral vascular 
surgery 

7 (5) 1 (3) 1 (3) 

Cardiopulmonary 
surgery 

3 (2) 2 (6) 1 (3) 

Respiratory failure 48 (32) 11 (31) 9 (28) 
Septic shock 59 (39) 13 (37) 12 (37) 

BMI body mass index; APACHE Acute Physiology and Chronic Health Evaluation; SAPS Simplified 
Acute Physiology Score; ICU intensive care unit; 
#
 None of the differences were statistically significant. 
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Figure 1. Distribution of first day on which AKI was diagnosed (Day 0) according to two 
RIFLE methods 

 
 

Discussion  

We assessed the impact of the RIFLE method (with and without urine output criteria) on the 

predictive performance of CysC on the two days prior to AKI in a mixed ICU population. 

Ignoring the urine output criteria significantly affected the incidence and timing of AKI, 

confirming our earlier findings 9. Not using the RIFLE urine output criteria also increased the 

predictive performance of sCysC two and one day prior to AKI and of uCysC one day prior to 

AKI, however these increases were not statistically significant.  

Our present study is the first study investigating the effect of RIFLE method on the 

predictive ability of CysC for AKI. We showed that the performance of CysC increased but 

the change was not statistically significant, most likely due to the small sample size. Despite 

the fact that we included 151 patients the analyzed sample size decreased because patients 

who had AKI on admission were removed (there is no point in predicting AKI in patients who 

already have AKI) and sampling for CysC determination were collected on alternate days 

after the first 2 days, for financial reasons. A second limitation of our study is that we did not 
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evaluate whether CysC concentrations were affected by other factors (e.g. inflammatory 

state, insulin or hydrocortisone therapy, etc.) 

Our previous 4 and present findings suggest that the differences in predictive 

performance of sCysC between our study and the study by Herget-Rosenthal et al. 3 

(investigating the predictive ability of sCysC on the two days prior to AKI defined by RIFLESCr 

resulted in AUROC 0.82 and 0.97, respectively), cannot be explained only by the use of two 

different RIFLE methods (with and without urine). Omitting the small sample size of both 

studies, most likely is that the differences are the result of case mix. We studied a 

heterogeneous group of adult patients with an expected duration of ICU treatment of at least 

48 h, while Herget-Rosenthal et al. included patients with at least two predisposing factors for 

AKI (age > 70 years, cardiogenic or hemorrhagic shock, decompensated liver cirrhosis, 

chronic heart failure NYHA class IV, malignant lymphoma or acute leukemia, acute 

respiratory failure requiring mechanical ventilation, diabetes, valve surgery and sepsis) and 

an expected duration of ICU treatment of at least four days 3, 4.  

Ignoring the RIFLE urine output criteria significantly underscores the incidence of 

AKI and also delays the diagnosis of AKI compared with the original RIFLE definition, and 

affects the discriminatory performance of CysC for AKI. However, because of the small 

sample size, we need to be careful with our conclusion. In future studies the definition of 

disease and homo/heterogeneity of the patients’ population should be considered before 

judging about the predictive ability of new AKI biomarkers. 
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