
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Biological markers for kidney injury and renal function in the intensive care unit

Royakkers, A.A.N.M.

Publication date
2014

Link to publication

Citation for published version (APA):
Royakkers, A. A. N. M. (2014). Biological markers for kidney injury and renal function in the
intensive care unit. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/biological-markers-for-kidney-injury-and-renal-function-in-the-intensive-care-unit(ea2c150d-999f-44c4-b479-16d493737348).html


47

Serum Cystatin C – 
A Useful Endogenous 

Marker of Renal Function 
in Intensive Care Unit 

Patients at risk for or with 
Acute Renal Failure?

Published in
Curr. Med.Chem. 2007; 14:2314-2317
and
Yearbook of Intensive Care and Emergency 
Medicine (Vincent J–L, ed.), Springer–
Verlag, 2007, pp 583

3

A.A.N.M. Royakkers 
J.D. van Suijlen 
L.S. Hofstra 
M.A. Kuiper 
C.S. Bouman 
P.E. Spronk 
M.J. Schultz 



48

chapter 3

Abstract

Critically ill patients are at high risk for developing acute renal failure (ARF). %e 
prevention of ARF is of outmost importance in order to improve the increased  
morbidity and mortality associated with ARF. Unfortunately, there is lack of 
adequate endogenous markers that can identify renal dysfunction early – this 
hampers timely application of measures to prevent further renal damage. %e 
use of exogenous markers of renal function is not only time–consuming but 
also expensive, and therefore cannot be used on a regular basis in the intensive 
care unit. Both the presently used endogenous and exogenous markers are not 
reliable during continuous renal replacement therapy (CRRT) because these 
markers are removed by the therapy itself impeding early detection of recovering 
of renal function. Cystatin C has been proposed as an alternative endogenous 
marker of renal function for more than 15 years. In this manuscript we review the 
literature on the role of cystatin C as marker for renal function, focusing on the 
critically ill patient. Serum cystatin C concentrations have been found to relate 
to renal impairment and suggest that cystatin C is more sensitive to detect mild 
decreases in GFR. Cystatin C could be an important tool both to recognize early 
renal dysfunction and to identify renal recovery while on CRRT in the critically 
ill patient, however, we are in need of more studies.
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Introduction

Acute renal failure (ARF) is a common complication of critical illness. Indeed, 
15–20% of intensive care unit (ICU)–patients develop ARF [1]. Causes of ARF 
include direct renal toxicity due to nephrotoxic medication and/or radiocontrast 
agents and injury caused by hypotension and sepsis/septic shock. In the la!er 
case the chance of developing ARF is reported as high as 50% with mortality 
rates up to 70%. ARF without sepsis still carries a mortality rate of 45% [2,3]. 
Early recognition of ARF allows for (additional) measures to prevent further 
renal damage.
ARF is de#ned as a sudden fall in the glomerular #ltration rate (GFR). Several 
methods are used to estimate the GFR. %e use of exogenous markers of renal 
function is not only time–consuming but also expensive, and therefore cannot 
be used on a regular basis in the ICU. Clinical practice is to use plasma creatinine 
or urea concentrations. However, there are limitations to the use of these 
endogenous markers to estimate the GFR: in critically ill patients the GFR may 
decline rapidly, which may not be visualized in a rise of plasma creatinine or urea 
concentrations, hampering the early recognition of ARF.
When ARF develops, frequently some form of renal replacement therapy (RRT) 
is needed [1]. In European ICUs continuous RRT (CRRT) is the predominant 
mode of RRT [4]. During CRRT treatment is applied for 24 h per day (or as 
near as possible) providing gradual removal of 'uid and toxins, including urea 
and creatinine. CRRT is an expensive and labour–intensive strategy with risks 
for complications such as infection of the central venous line, bleeding and 
thrombosis and should not be applied longer than necessary. Since creatinine 
and urea are cleared from the human body by CRRT, however, it is not possible to 
determine residual or recovering renal function with these endogenous markers. 
As a result, many patients may be on CRRT too long, because recovery of renal 
function is not recognized. 
In summary, a more accurate and practical (and preferably endogenous) marker 
of renal function is needed. Ideally, such a substance should be produced by 
the human body at a constant rate and production should not be in'uenced by 
(critical) illness or medication; furthermore, it should be exclusively eliminated 
from the human body by glomerular #ltration, should be freely #ltered in the 
glomerulus, and should not be secreted or reabsorbed by the renal tubules; 
#nally, it should rapidly follow changes in GFR.

Cystatin C

Cystatins are a superfamily of cysteine proteinase inhibitors found in plants 
and animals. Cystatins can be found in all types of tissues and body 'uids. 
One molecule of this superfamily, cystatin C, is of particular interest. Cystatin 
C is a low molecular weight protein (13.3 kD) produced by nucleated cells at 
a constant rate [5]. Serum cystatin C concentrations are independent of age, 
gender, muscle mass and infection, and cystatin C is completely #ltrated in the 
glomerulus and metabolized, but not secreted in the tubulus. Consequently, 
cystatin C concentrations in urine are low, and serum cystatin C concentrations 
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are constant in healthy persons. When the GFR decreases, serum cystatin C 
concentration rises, even with small reductions in GFR [6,7]. Of note, CVVH 
seems unlikely to in'uence serum cystatin C concentrations [8] suggesting it can 
be used as a marker of residual renal function during CVVH.
Detection of cystatin C can be done by use of di$erent techniques. Detection 
by Enzyme–Linked Immuno–Sorbent Assay (ELISA, e.g., cystatin C ELISA 
from BioVendor GmbH, Heidelberg, Germany) is more time–consuming and 
more expensive compared to particle enhanced immunonephelometry (e.g., 
from Dade Behring GmbH, Marburg, Germany). %e immunonephelometric 
method using BN ProSpec  System uses polystyrene particles coated with 
antibodies speci#c to human cystatin C, which are agglutinated when, mixed 
with samples containing human cystatin C. %e intensity of the sca!ered light 
in the BN ProSpec  System depends on the concentration of the analyte in the 
sample. %is concentration can therefore be determined by comparison with 
dilutions of a standard of a known concentration. %e analytical sensitivity was 
determined to be 0.005 mg/L. In a study on 500 subjects who underwent an 
iothalamate clearance procedure for evaluation of GFR, with 363 of them having 
an abnormal GFR, a signi#cantly higher sensitivity was observed for N Latex 
cystatin C than for creatinine, 94% versus 81%. No interference was observed 
from immunosuppressive drugs frequently used in renal transplant patients 
(e.g., cyclosporine, tacrolimus, sirolimus, mycophenolate, or azathioprine); 
interference from monoclonal or polyclonal antibodies used in the treatment of 
renal transplant patients has not been elucidated.

Serum cystatin C concentrations in non–critically ill 
patients

Over the last decades numerous studies have been carried out to evaluate the 
accuracy of serum cystatin C concentrations, or its reciprocal, as a marker for 
GFR in non–ICU patients [9]. Studies have been performed in pediatric as well 
as adult patients, including those at risk for or with established renal disease, renal 
transplants and liver disease. Some studies have their limitations because they 
examined either changes of GFR in small patient groups (causing type II errors), 
or in their choice of the reference standard for GFR (i.e., no golden standard 
method for determination of GFR was used). 
In a meta–analysis by Dharnidharka et al. the accuracy of serum cystatin C and 
plasma creatinine concentrations in relation to a reference standard of GFR 
were compared [9]. Combining the results of 36 data sets for serum cystatin C 
concentrations and 29 data sets for plasma creatinine concentrations, the overall 
coe&cient of correlation r was signi#cantly greater for the reciprocal of cystatin 
C concentrations (mean r = 0.816 [95% con#dence interval (CI) 0.804 – 0.826]) 
in comparison to the reciprocal of creatinine concentrations (r = 0.742 [0.726 – 
0.758]). 
Nevertheless, correlation coe&cients re'ect only a linear relation and may not 
translate into agreement or diagnostic accuracy. More meaningful tests are 
comparisons of sensitivity, speci#city, and positive and negative predictive values. 
%ese values, however, are highly dependent on the normal cut o$ values chosen. 
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%e used cut o$ values for serum cystatin C concentrations ranged widely in the 
included studies, precluding meaningful analysis of these parameters.
Another method for assessment of diagnostic accuracy is receiver-operating 
characteristic (ROC)–analysis. Combining the results of 11 data sets, ROC–
plot area under the curve (AUC) showed a greater divergence of values for the 
reciprocal of creatinine concentrations than for the reciprocal of cystatin C 
concentrations (AUC for 1/creatinine 0.837 vs. AUC for 1/cystatin C 0.926); 
95% CI did not overlap ([0.796 – 0.878] vs. [0.892 – 0.960]) [9]. %ese results 
demonstrate the superiority of serum cystatin C concentrations over plasma 
creatinine concentrations with respect to GFR determination.
With the accuracy of cystatin C established, determination of its utility as a 
measure of GFR in clinical practice rests also with the rapidity with which 
serum cystatin C concentrations change with changes in renal function. In most 
studies the number of cystatin C concentration measurements per patient was 
low, making it di&cult, if not impossible, to draw #rm conclusions with respect 
to this issue. However, one study nicely showed a more rapid change in serum 
cystatin C concentrations as compared to systemic creatinine concentrations 
with changes in renal function [10]. In this study, normalization of cystatin C 
was found to appear approximately 2 days earlier than normalization of plasma 
creatinine levels.

Serum cystatin C concentrations in critically ill patients

Two strategies were used to search for scienti#c articles on cystatin C in 
critically ill patients: #rst, an unrestricted computerized scan of the literature 
was performed using Medline database (www.pubmed.org); second, reference 
lists of all selected articles were reviewed to #nd other relevant papers. %e 
Medline database was used to identify Medical Subjects Headings (MeSH) to 
select search terms. In addition to the MeSH terms we also used text words. 
Search terms referred to aspects of the population (“Critical Care”[MeSH]; 
“Intensive Care”) and the condition (acute renal failure (ARF)/renal failure 
– renal insu&ciency: “Renal Insu&ciency”[MeSH] OR “Renal Insu&ciency, 
Acute”[MeSH]) OR “Kidney Tubular Necrosis, Acute”[MeSH]). %ese were 
combined with terms considering the intervention (RRT, in particular CVVH 
(“Renal Replacement %erapy”[MeSH] OR “Hemo#ltration”[MeSH] OR 
“Renal Dialysis”[MeSH] OR “CVVH”[All Fields] OR “hemo#ltration”[All 
Fields] OR “hemo#ltration”[MeSH], and terms referring to cystatin C ((“cystatin 
C”[Substance Name] OR “Cystatins”[MeSH]).Search–results. %e combination 
of the searches resulted in the identi#cation of only 8 reports [6-8,11-15] (table). 
Seven studies investigated serum cystatin C concentrations in patients at risk for 
or with ARF [6,7,11-15]. Two studies investigated clearance of cystatin C during 
CRRT [8,15]. %e search retrieved no studies on serum cystatin C as a marker of 
regain of residual renal function in critically ill patients during CRRT.
Åhlstrom et al. assessed the role of serum cystatin C as a marker of ARF in 202 
ICU-patients and evaluated its power in predicting survival of patients that #nally 
developed ARF [7]. ARF was de#ned as a plasma creatinine concentration > 300 
umol/L or daily diuresis less than 500 mL. Serum concentrations of cystatin C, 
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creatinine, and urea were measured on admission, daily during the #rst 3 days and 
once per 1 – 2 days therea"er until ICU–discharge. ARF occurred in 54 patients 
(27%). %e authors concluded that serum cystatin C was a good predictor for 
ARF in critical illness (ROC–AUC: 0.885, 0.893 and 0.901 for day 1 – 3 serum 
cystatin C concentrations) and correlated well with plasma creatinine and urea 
concentrations (r: 0.72, and 0.86, respectively). %is is not surprising since the 
de#nition of renal failure is largely based on serum creatinine and cystatin C is 
a substance that is exclusively eliminated via the kidney. In addition the use of 
serum creatinine in the de#nition of ARF disturbs the comparison of these two 
predictors. Serum cystatin C concentrations were not predictive for mortality. 
No correlation between ARF and cystatin C was found in a smaller study (n = 
29), in critically ill septic patients [11]. ARF was de#ned as a plasma creatinine 
< 267 mmol/L or a urine output < 30 mL/h. Of notice, however, in that study 
only one sample was analysed (obtained on the day of ICU–admission); another 
dissimilarity with the previous study was urine output in patients with ARF: 
while most patients in the study by Åhlstrom et al. [7] su$ered from anuria, a 
higher urine output was observed in this study. 
More interesting than the predicting power for ARF is whether serum cystatin 
C gives a more correct estimate of GFR in critically ill patients and is more 
sensitive or speci#c than serum creatinine to detect mild/modest decreases in 
GFR. Herget–Rosenthal et al. evaluated serum cystatin C concentrations in 85 
patients at high risk for ARF [6]. In this study, ARF was de#ned according to the 
RIFLE-classi#cation [16]. Interestingly, in ARF by R–, I–, and F–, serum cystatin 
C concentrations increased 1,5 - 2 days earlier than plasma creatinine levels; 
ROC–AUC was 0.82 and 0.97 on the 2 days before R-criteria was ful#lled. Serum 
cystatin C concentrations were found to be only moderate predictors of the need 
for RRT in the further course of ARF, but the number of patients ful#lling the 
F–criteria was rather low (n = 27). 
%ree studies reported that cystatin C levels were more sensitive than creatinine 
levels to detect a GFR < 80 mL/min [12-14]. Le Bricon et al. compared serum 
cystatin C concentrations with an isotope clearance technique for GFR, plasma 
creatinine concentrations, 24–hours creatinine clearance and two GFR–
prediction equations (the Cockcro"–Gault creatinine clearance and the modi#ed 
diet in renal disease-estimated GFR) [12]. Twenty-eight surgical ICU–patients 
were followed for 5 days. Serum cystatin C concentrations correlated well with 
plasma creatinine concentrations, the Cockcro"–Gault creatinine clearance and 
also with the modi#ed diet in renal disease-estimated GFR. Sensitivity to detect 
a GFR < 80 mL/min was clearly superior to creatinine (88% versus 48%). %ese 
#ndings were con#rmed in a smaller study in 14 patients admi!ed in a medical 
ICU [13]. In this study, GFR was estimated by creatinine clearance using 24–
hour urine collection and the Cockcro"–Gault equation. %e ability of cystatin 
C to detect a GFR < 80 mL/min/1.73 m2 was signi#cantly be!er than that of 
creatinine. Villa et al. measured serum cystatin C concentrations and 24-hour 
creatinine clearance in 50 critically ill patients at risk for developing ARF [14]. 
Half of the patients developed acute renal dysfunction, only 5 (20%) of these 
patients had elevated serum creatinine, whereas 76% had elevated serum cystatin 
C levels. %is study suggests that even with small decreases of renal dysfunction, 
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serum cystatin C concentrations may be superior to plasma creatinine to detect 
patients and therefore re'ect GFR changes sooner than concentrations of plasma 
creatinine.
A signi#cant correlation between serum cystatin C concentrations and diuresis 
was found in the study by Balik et al. [15]. In this study cystatin C concentrations 
were measured before and during the #rst 48 hours of continuous venovenous 
hemodia#ltration (CVVHDF). %irty-three ICU–patients su$ering from renal 
failure [15]. %e levels of cystatin C were signi#cantly higher in the group where 
diuresis remained low or decreased a"er 48 hours of treatment than in the group 
where diuresis increased. Unfortunately, no measurements were performed 
beyond 48 hours of admission.
In conclusion, in ICU–patients serum cystatin C seems to be an early and 
adequate endogenous marker for renal dysfunction. Of importance, even with 
mild reductions in GFR it is a be!er predictor for the development of renal 
failure than plasma creatinine.

Factors that may hamper the use of serum cystatin C

One limitation of using serum cystatin C concentrations as a measure of renal 
function may be costs involved with measuring cystatin C concentrations. 
Indeed, it is currently 15 times more expensive to measure serum cystatin C 
concentrations than plasma creatinine concentrations. Measuring in a batch 
way mode is cheaper than measurement in a single way (~ * 3 versus ~ * 6 per 
measurement). One more limitation may be turn–around–time, especially 
when using ELISA. However, results are ready within 7 minutes when using the 
immunonephelometric method with polystyrene particles coated with anti–
cystatin C antibodies (with the above mentioned BN ProSpec® System > 60 test 
per hour can be performed). 
Another problem could be the suggestion that thyroid dysfunction or the use 
of glucocorticosteroids [17] may in'uence the serum cystatin C concentration. 
But in neither of the below mentioned studies this was con#rmed [6,7]. Indeed, 
in the study by Åhlstrom et al., hydrocortisone (100 – 300 mg i.v. per day, in 
the majority of cases prescribed for suspected relative adrenal insu&ciency 
due to septic shock) did not seem to a$ect serum cystatin C concentrations 
[7]. In addition, Herget–Rosenthal et al showed neither thyroid dysfunction, 
neither corticosteroid de#ciency nor excess seemed to a$ect serum cystatin C 
concentrations [6].
During CRRT it is di&cult to determine residual renal function. Indeed, renal 
function is usually calculated by using creatinine and urea clearance tests. Urea 
and creatinine are removed by the CRRT itself and thus are useless for calculation 
of GFR. When cystatin C is cleared from the circulation by CRRT, a similar 
problem arises with the use of cystatin C as a marker for residual renal function. 
Only two studies investigated the extracorporeal removal of cystatin C during 
CRRT (Baas, Balik).  Baas et al. studied serum cystatin C concentrations in 18 
patients with oliguric ARF treated with continuous venovenous hemo#ltration 
(CVVH) during 3 consecutive collection periods [8]. Clearance of cystatin C 
was found to be ~ 17 ml/min; equaling a removed quantity of cystatin C of ~ 2.0 



54

chapter 3

mg/hr. %is quantity is less than 30% of the production of cystatin C; therefore 
CVVH is unlikely to in'uence serum cystatin C concentrations, suggesting it can 
be used as a marker of residual renal function during CVVH–treatment. Balik et 
al. studied the e$ects of CVVHDF in critically ill patients and concluded that 
cystatin C is not removed to a signi#cant extend. Of note, in both studies the 
applied renal replacement dose was lower than the dose presently recommended 
[18]. 

Future studies

Presently the authors perform 2 prospective observational multi–center cohort 
studies in ICU–patients. One study involves a large cohort of critically ill patients 
at risk for ARF in which serum cystatin C concentration thresholds for (early) 
start of CVVH–therapy are searched for. In a second study, the course of serum 
cystatin C concentrations is studied in patients with ARF for which CVVH is 
started. %is study focuses on how serum cystatin C concentrations change with 
regain of renal function. From the la!er study serum cystatin C concentration 
thresholds for discontinuation of CVVH are developed. 

Conclusion

Early detection of ARF is mandatory to design or apply measures to prevent 
persistent anuria and consequential need for RRT during critical illness and 
therea"er. Biomarkers of renal function may not only be useful for early detection 
of ARF, but also in the recognition of recovery of renal function in patients treated 
with CVVH. Cystatin C is a promising endogenous marker of renal function 
in critically ill patients. Notably, cystatin C is only to a lesser extent cleared by 
CRRT, which makes it a potential marker of residual renal function during CRRT. 
In this way serum cystatin C concentrations may be useful in the decision when 
to (early) surcease CVVH.
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Author year no patient 
type

Study design and main outcomes Additional remark

Åhlstrom 
et al.[7]

2004 202 adult ICU–
patients

-  serum cystatin C, plasma creatinine 
and plasma urea were measured on 
ICU–admission, and daily to once 
every two days thereafter

-  serum cystatin C showed excellent 
positive predictive value for ARF by 
ROC–analysis

-  abnormal values of serum cystatin 
C and plasma creatinine appeared 
equally quickly

-  corticosteroid therapy did not seem to 
a#ect serum cystatin C concentrations

Mazul–Sunko 
et al.[11]

2004 29 surgical 
ICU–
patients 
with sepsis

-  only blood sample obtained on 
admission to ICU were analyzed

-  serum cystatin C had no correlation 
to development of ARF

-  most patients in this study (still) had 
urine output

Herget–
Rosenthal  
et al.[6]

2004 85 ICU–
patients at 
risk for ARF

-  serum creatinine and cystatin C were 
determined daily

-  serum cystatin C demonstrated a 
high diagnostic value to detect ARF 
by ROC–analysis 

-  abnormal thyroid function test 
results, corticosteroid de!ciency and 
corticosteroid excess did not a#ect 
cystatin C levels

Le Bricon 
et al.[12]

2005 28 surgical 
ICU–
patients

-  blood samples were collected for 5 
days post–admission

-  serum cystatin C concentrations 
correlated well with plasma 
creatinine concentrations and the 
Cockcroft–Gault creatinine clearance

-  sensitivity and speci!city to detect a 
decline of GFR were high

Delanaye 
et al.[13]

2004 14 medical 
ICU–
patients

-  blood samples were obtained every 
24 hours

-  serum cystatin C adequately 
detected a decline of GFR better 
than that of creatinine

-  serum cystatin C performed better 
than creatinine

-  small patient group

Villa 
et al.[14]

2005 50 ICU–
patients at 
risk for ARF

-  24 hour body surface adjusted 
creatinine clearance was used as 
a control 

-  serum cystatin C correlated better 
with GFR than did creatinine

-  only $ of the patients with ARF had 
elevated serum creatinine, whereas 
% of patients with ARF had elevated 
serum cystatin C levels

Balik 
et al.[15]

2005 33 ICU–
patients on 
CVVHDF

-  a signi!cant correlation between 
serum cystatin C concentrations and 
diuresis was found

-  no measurements were performed 
beyond 48 hours of admission

Baas 
et al.[8]

2006 18 ICU–
patients 
with 
oliguric ARF 
on CVVH

-  clearance of Cystatin C by CVVH was 
lower than its daily production

-  ultra!ltration rate was ~ 2L/h, it 
is unknown whether higher rates 
may in"uence the serum cystatin C 
concentration

Abbreviations: ROC–analysis, receiver operating characteristic analysis; GFR, glomerular filtration 
rate; CVVH (–DF), continuous venovenous hemofiltration (hemodiafiltration). For details, see text.

Table 1.
Studies on serum cystatin C concentrations in critically ill patients
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