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Abstract

Purpose: We hypothesized CyC to be a useful biological marker of renal recovery 
in critically ill patients treated with renal replacement therapy (RRT) for acute 
kidney injury.
Material and Methods: Multicenter prospective observational cohort study of 
ICU–patients treated with CVVH for AKI. ROC-curves were calculated to assess 
the ability of serum (sCyC) and urine (uCyC) to predict renal recovery.
Results: From 76 studied patients, 68 patients had su&cient data for analysis. 39 
patients did not need CVVH again a"er stopping RRT while in 5 patients CVVH 
had to be restarted a"er stopping RRT. %e AUC of sCyC on day –3, –2, and –1 
before stopping CVVH were 0.65 [95% con#dence interval (CI) 0.41 – 0.88, P = 
0.33], 0.60 [0.31 – 0.88, P = 0.47], and 0.57 [0.30 – 0.84, P = 0.53]), respectively. 
%e AUC of uCyC on day –3, –2, and –1 before cessation were 0.88 [0.70 – 1.00, 
P = 0.01], 0.80 [0.64 – 0.96, P = 0.05], and 0.28 [0.00 – 0.57, P = 0.12]).
Conclusions: In a small cohort of unselected critically ill patients with AKI, sCyC 
and uCyC seem to be poor predictors of renal recovery in critically ill patients 
treated with CVVH.
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Introduction

Acute Kidney Injury (AKI) occurs in 15 to 20% of critically ill patients [1, 2]. 
Up to 6% of them requires some form of renal replacement therapy (RRT), 
frequently consisting of continuous veno–venous hemo#ltration (CVVH) [3]. 
CVVH is an expensive and labour–intensive strategy in the intensive care unit 
(ICU)[4], necessitating central venous catheters, thereby increasing the risk of 
blood stream infections, bleeding and local thrombosis [5]. Also, CVVH usually 
mandates some form of anticoagulation, frequently systemic anticoagulation, 
which further increases the risk of bleeding. In view of those risks, it is crucial to 
stop CVVH in time. However, strict criteria that reliably predict the recovery of 
renal function are lacking. Recently, 2 studies found urine output to be the best 
parameter to decide whether to cessate CRRT [6, 7]. In daily practice however, 
this is le" to the a!ending physician who bases this decision on personal 
experience, and on the Acute Dialysis Quality Initiative (ADQI) consensus 
criteria [8, 9]. %ese criteria are combined with local guidelines as formulated by 
the Dutch society of Intensive Care (NVIC) [10]. 
In the ICU–se!ing, renal function is usually expressed as glomerular #ltration 
rate (GFR) calculated by the mean of creatinine and urea clearance. However, 
these endogenous biological markers are removed by CVVH, and thus are useless 
for calculation of GFR while the patient is being treated with CVVH. Recently, 
urine concentrations of tissue inhibitor of metalloproteinases-2, a biomarker 
of cell cycle arrest in human AKI, were described and proved to be superior to 
existing markers for predicting AKI [11]. However, the use of these markers 
during CVVH and for the detection of recovery of renal function is unknown. 
Cystatin C (CyC) is a biomarker that has been used for more than 10 years in 
se!ings outside the ICU. It is a protein produced at a constant rate independent 
of age and muscle mass cleared from the circulation via glomerular #ltration 
[12]. In the tubulus it is fully reabsorbed and normally almost not detectable 
[13]. When renal impairment occurs, CyC in serum will increase due to injured 
glomeruli. Indeed, a recent analysis showed that GFR calculation based on both 
creatinine and CyC levels strengthens the association between the calculated 
GFR and the risks of death and end-stage renal disease across diverse populations 
[14] . On the other hand, in injured tubules as in AKI the decreased reabsorption 
may result in appearance of CyC in urine. %e potential role of CyC in serum 
(sCyC) and urine (uCyC) as endogenous biological markers of renal recovery in 
ICU–patients treated with CVVH is unknown.
We hypothesized Cystatin C to be a be!er prognostic biomarker of renal recovery 
in critically ill patients treated with CVVH for AKI. Speci#cally, we hypothesized 
levels of sCyC and uCyC to di$er between patients in whom CVVH is successfully 
stopped, and patients who will again need CVVH. To test this hypothesis we 
determined serum and urine CyC levels in a cohort of ICU–patients treated with 
CVVH for AKI from di$erent causes.
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Methods

Design and setting
%is study was designed as a multicenter prospective observational cohort 
study. Five multidisciplinary closed–format ICUs (1 university center and 4 
regional teaching hospitals) participated in this study. %e institutional review 
boards of all participating institutions approved the study protocol and wri!en 
informed consent was obtained from all patients before inclusion into the study. 
Demographic data, admission diagnosis, acute physiology and chronic health 
evaluation (APACHE) II and simpli#ed acute physiology score II scores (SAPS 
II) were documented upon ICU–admi!ance [15, 16]. Subsequently, length of 
stay (LOS) in the ICU and the hospital was recorded.

Patients
Inclusion criteria were age + 18 years and treatment exclusively with CVVH 
because of ARF. Exclusion criteria were chronic treatment with corticosteroids 
(> 5 mg prednisone (or equivalent) per day) before ICU admission, treatment 
with plasmapheresis during ICU admission or a history of chronic RRT. %e 
enrolled patients were followed until death or discharge from the ICU, whichever 
occurred #rst.

Continuous venovenous hemofiltration
%e #ve participating hospitals all based their decision to initiate, cessate, or 
restart CVVH on the Acute Dialysis Quality Initiative (ADQI) consensus criteria 
in collaboration with the recommendations of the Dutch Society of Intensive 
Care (NVIC) which are available on the website of the Dutch Society of Intensive 
Care (NVIC) [8-10]. %e patients were scored daily to reveal improvement/
change of renal function during and a"er cessation of CVVH (creatinine and 
urine output criteria) according to the RIFLE classi#cation system [17]. Speci#c 
CVVH treatment data, including average blood 'ow, ultra#ltrate 'ow, systemic 
anticoagulation therapy, type of substitution 'uid and the average resubstitution 
'uid 'ow were collected.

Blood and urine sampling
Blood and urine samples were obtained on a daily basis from start of CVVH until 
ICU–discharge or death. Blood and urine (taken from a 3–hour urine collection 
period) were drawn into sterile Vacutainer tubes (Becton and Dickinson) and 
centrifuged at 1.500 x g for 10 minutes at 4ºC. %e supernatants were stored at 
–80ºC until assayed batch wise.

Definitions
Successful cessation of CVVH was de#ned as the need of only one period 
of CVVH which was stopped before ICU discharge (group 1). Unsuccessful 
cessation of CVVH was de#ned as the necessity to restart CCVH during the same 
ICU–stay (group 2). %e #rst day of cessation of CVVH was termed day 0, while 
the days prior to this day were termed day –1, day –2 and so forth. %e #rst period 
of CVVH was termed period 1. %e subsequent period a"er CVVH had been 
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restarted and subsequently stopped, was termed period 2 (#gure 1). Noteworthy, 
period 2 ended on the date of ICU–discharge, death or a third restart of CVVH.

Measurement of levels of cystatin C
CyC was measured with an N Latex CyC test kit, a particle–enhanced 
immunonephelometric method, on a BN ProSpec analyser (Dade Behring, 
Leusden, %e Netherlands). %e lower limit of detection was 0.05 mg/L. %e 
average intra–assay and inter–assay coe&cients of sCyC were < 2.6% and 
3.5%, respectively. %e reference values for sCyC ranged from 0.53 to 0.95 
mg/L according to the manufacturer. %e average intra–assay and inter–assay 
coe&cients of uCyC were < 4.8% and 5.2%. %e reference values for uCyC 
ranged from 0.03 to 0.18 mg/L. We estimated CyC levels under the detection 
limit of 0.05 mg/L to be 0.025 mg/L. Urea and creatinine levels were measured 
enzymatic with spectrophotometry.
Levels of sCyC and uCyC were measured to discover a pa!ern in time during and 
a"er CVVH aiming to relate these levels with creatinine levels in serum (Screat), 
and urine (Ucreat). %erefore we analyzed samples from the #rst day of CVVH 
until the last day of CVVH (period 1). Furthermore we analyzed samples from a 
maximum of 7 days before cessation of CVVH (the #rst day of cessation is called 
day 0) until a maximum of 7 days a"er cessation of CVVH. We evaluated patients 
who cessated successfully and unsuccessfully separately.

Figure 1.  
Periods of CVVH and periods of no-CVVH
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Statistical analysis
Continuous normally distributed variables are expressed by their mean and 
standard deviation or when not normally distributed as medians and their 
interquartile ranges. Categorical variables are expressed as n (%). To test groups 
Student’s t-test was used, if continuous data is not normally distributed the 
Mann-Whitney U test was used. Categorical variables were compared with the 
Chi-square test or Fisher’s exact test.  If groups were dependent, paired t.test or 
Wilcoxon signed rank test was used depending whether the di$erence between 
pairs was normally distributed. When more than two normally distributed groups 
were compared we used one-way analysis of variance, and if applicable, with 
Bonferroni’s correction for multiple comparisons. For signi#cant #ndings, post 
hoc t–test was applied. Kruskall–Wallis one-way analysis of variance was used 
to compare non-normally distributed variables. We assessed sCyC and uCyC, 
sCreat and urine output (UO) on their ability to predict successful cessation 
of CVVH by calculation of the area under the curve (AUC) under the receiver 
operating characteristic (ROC) plot for the days following cessation of CVVH. 
Each day was considered to be an independent sample to calculate the theoretical 
diagnostic value as expressed by the AUC. An AUC value of 0.90 –1.0 was judged 
to indicate excellent, 0.80–0. 89 good, 0.70–0.79 fair, 0.60–0.69 poor, and 0.50–
0.59 no useful value. All testing was two–tailed and P < 0.05 was considered 
statistically signi#cant. Data were analysed using the Statistical Package for the 
Social Sciences (SPSS) for Windows, version 17.0 (SPSS, Chicago IL, USA).

Results

Patients
From June 2007 until July 2009 we enrolled 76 patients. Eight patients were 
excluded because of incomplete sampling per patient, leaving 68 patients for 
analysis (#gure 2). In 39 patients CVVH was cessated successfully (group 1), 
while in 5 patients CVVH had to be restarted (group 2). In 20 patients there was 
no regaining of renal function during there stay on the ICU. %ese patients le" 
the ICU with RRT, intermi!ent hemodialysis in all cases. 4 Patients died because 
of withholding therapy. Baseline characteristics are shown in table 1. %ere were 
no di$erences between both groups with respect to age, APACHE II or SAPS 
II, LOS–ICU and LOS–Hospital. %e mortality rate, however, was higher in 
patients who reneeded CVVH a"er initial cessation (40% versus 15%, P = 0.03).

Changes of sCyC and uCyC levels over time
Levels of sCyC and uCyC over time are shown in table 2 and #gure 3. %e courses 
of sCyC and uCyC levels over time were highly variable (#gure 3) In patients 
in whom CVVH was successfully stopped, levels of sCyC were higher a"er 
cessation of CVVH (1.84 [1.24 – 2.89] mg/L  than during CVVH (1.41 [1.10 
– 2.31] mg/L; P < 0.001 (table 2). %e same results were found for uCyC, i.e. in 
patients in whom CVVH was successfully stopped, levels of uCyC were higher 
a"er cessation of CVVH (0.61 [0.18 – 7.16] mg/L  than during CVVH (0.27 
[0.07 – 0.94] mg/L; P < 0.001 (table 2).
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Figure 2.  
Consort diagram. Only the grey boxes were used for statistical analysis

Figure 3.  
(A) Median serum and urinary Cystatin C levels, 7 days before (-7 - -1) and 7 days after (1-7) 
stopping CVVH in patients who were successfully taken of CVVH. Boxes indicate P25-P75 range, 
while whiskers indicate P10 and P90 range. Outliers are depicted in small circles.
(B) Median serum and urinary Creatinine levels, 7 days before (-7 - -1) and 7 days after (1-7) 
stopping CVVH in patients who were successfully taken of CVVH. Boxes indicate P25-P75 range, 
while whiskers indicate P10 and P90 range. Outliers are depicted in small circles.
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Group All patients Successfully stopped 
Group 1

Failure
restart CVVH

Group 2

p value#

Patients, n 68 39 5 -

Male, % (n) 57 (39) 58 (23) 80(4) 0.63

Age, median (IQR) 70 (59-77) 69 (59-74) 66 (49-79) 0.94

Length (cm), median 
(IQR)

175(170-180) 175(170 -181) 170(167-178) 0.33

Weight (kg), median 
(IQR)  

80 (70 -90) 78 (70-85) 75 (65-83) 0.40

Mortality, % (n) 38 (26) 15 (6) 40 (2) 0.03

APACHE II score, median 
(IQR)

24 (19-29) 22 (19-30) 26 (21-31) 0.48

SAPS II score, median 
(IQR)

51 (40-61) 48 (40-55) 57 (50-86) 0.07

LOS-ICU (days), median 
(IQR)

11 (6-19) 13 (7-20) 17 (8-29) 0.50

LOS-post-ICU (days), 
median (IQR)

11 (0-25) 16 (9-38) 6 (0-39) 0.24

LOS-Hospital (days), 
median (IQR)

28 (14-50) 38 (25-70) 22 (12-54) 0.15

Medical admission, 
% (n)

60 (41) 59 (23) 80(4)

Surgical admission, 
% (n)

40 (27) 41 (16) 20(1)

Total study days 810 547 109

Table 1.
Demographics

IQR: interquartile range; APACHE: Acute Physiology Age and Chronic Health Evaluation; SAPS: 
Simplified Acute Physiology Score; LOS: Length of Stay; ICU: Intensive Care Unit
# Mann-Whitney U test 2-tailed significance
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Table 2.
Time-weighted median levels (IQR) in the period before and after stopping CVVH in patients who 
successfully stopped CVVH

Table 3.
AUC(CI) of the ROC analysis 7 days before stopping CVVH in ICU patients with AKI

QR: interquartile range [P25-P75]; CVVH: continuous venovenous hemofiltration; sCyC: serum 
Cystatin C; uCyC: urine Cystatin C; UO: urine output

AUC: area under the curve; CI: 95% confidence interval; ROC: receiver operating characteristic; 
CVVH: continuous venovenous hemofiltration; sCyC: serum Cystatin C; uCyC: urine Cystatin C

CVVH max 7 days before 
stopping CVVH

After stopping CVVH max 
7 days

p value

sCyC(mg/L) 1.41 (1.10 - 2.31) 1.84 (1.24 - 2.89) < 0.001

uCyC(mg/L) 0.27 (0.07 - 0.94) 0.61 (0.18 - 7.16) < 0.001

sCreat(µmol/L) 134 (92 - 221) 131 (108 - 155) 0.16

Fluidbalance(ml) -92 (-1537 - 1781) -164 (-2498 - 712) 0.06

UO per 24 hr(ml) 230 (106 -1175) 1730 (494 - 3574) < 0.001

Day sCyC                   p uCyC                 p

-7 0.75(0.53-0.97)      0.26 0.28(0.19-0.52)    0.48

-6 0.54(0.28-0.80)      0.84 0.92(0.77-1.0)      0.17

-5 0.81(0.59-1.0)        0.08 1.0(1.0-1.0)          0.10

-4 0.79(0.50-1.0)        0.10 0.78(0.46-1.0)      0.11

-3 0.65(0.41-0.88)      0.33 0.88(0.70-1.0)      0.01

-2 0.60(0.31-0.88)      0.47 0.80(0.64-0.96)    0.05

-1 0.57(0.30-0.84)      0.53 0.28(0.0-0.57)      0.12
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Discussion

In this study we evaluated the value of CyC levels in relation to stopping of 
CVVH in ICU–patients with ARF from various causes. %e course of sCyC and 
uCyC levels over time was highly variable, both in patients in whom CVVH was 
stopped successfully and in patients who reneeded CVVH a"er initial cessation. 
%e performance of sCyC and uCyC levels in predicting successful stopping of 
CVVH was poor.
%ere are few studies evaluating CyC as a biological marker of renal function 
recovery in critically ill patients. Our study di$ers from a previous  study of Baas 
et al., who studied sCyC in 18 patients with oliguric AKI treated with CVVH 
[18]. %eir results suggested that CVVH did not a$ect sCyC concentrations, 
indicating that sCyC could have the potential to serve as an endogenous marker 
of residual renal function during CVVH–treatment. However, we found a 
high variability in the individual levels of sCyC during CVVH, which suggests 
that sCyC is unreliable in daily practice for that purpose. Balík et al. studied 
33 mechanically ventilated patients during the #rst 48 hours of continuous 
venovenous hemodia#ltration (CVVHD) [19]. %ey found higher sCyC in 
patients with decreased or decreasing urine output compared to patients in whom 
diuresis improved [19]. In parallel to our #ndings, they reported that CyC serum 
levels decreased in the #rst 24 hours of CVVHD, which was also con#rmed by 
two small case series showing a lower sCyC during CVVH than in the period 
without hemo#ltration [20, 21]. Bouman et al, described the same #ndings in 
a small pilot study in six consecutive patients [22]. %ey concluded that the 
observed decrease in CyC levels may be related to the type of membrane used, 
although a decreased Cystatin C production in critically ill patients might be an 
alternative explanation. Nevertheless, the fact that we found increasing levels of 
sCyC a"er CVVH was stopped supports the hypothesis that sCyC is in some way 
in'uenced by CVVH. 
We tested whether uCyC could serve as a biological marker of regaining renal 
function in patients being treated with CVVH because of AKI in the ICU. To our 
best knowledge there have been no studies that tested this hypothesis. We found 
similar characteristics for uCyC as for sCyC, namely that levels of uCyC were 
highly variable, both during CVVH and a"er stopping CVVH. Of note, levels of 
uCyC peaked a"er CVVH was stopped in both groups. Our #nding of measurable 
levels of CyC in urine is intriguing, since it is in contrast to #ndings in studies of 
patients without AKI. In healthy individuals, CyC is reabsorbed in the tubulus 
and will therefore not be detectable in the urine. One could speculate that our 
#nding may be explained by tubular dysfunction a"er acute tubular necrosis 
(ATN) in patients with AKI. Nevertheless, our data suggest that even in patients 
who are clinically improving, i.e. CVVH could be stopped in most patients, there 
still is tubular dysfunction hampering tubular resorption of #ltered CyC. In 
addition to the high variability, this makes uCyC not useful for reliably predicting 
successful stopping of CVVH.
Several studies have focussed on the use of panels of biomarkers in nephrology 
instead of “stand alone” biomarkers. %ree studies have addressed the use of these 
panels in the prediction of AKI and may be superior than using individual markers 
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of renal function separately [14, 23, 24]. Unfortunately, in an earlier study we 
found CyC to be a poor biomarker in the prediction of AKI [25]. However, 
one could argue that the same hypothesis using panels of biomarkers, including 
CyC, would apply to the prediction of the recovery of renal function. In view of 
our #ndings, CyC seems not an appropriate biomarker in the aforementioned 
situations, neither as a stand-alone marker, nor as part of a panel in the prediction 
of the recovery of renal function and the cessation of CVVH.  
Our study is the #rst multicenter study that evaluated the prognostic value of 
levels of circulating and urinary CyC with regard to the decision to stop CVVH 
for AKI in the ICU. However, our study has several limitations. Firstly, our sample 
size was relatively small. However, it is questionable whether a larger sample size 
will show di$erent results in view of the high variability of our #ndings. Secondly, 
timing of stopping or re-starting CVVH was le" to the a!ending physician, 
although also based on Acute dialysis Quality Initiative (ADQI) consensus 
criteria and recommendations of the Dutch Intensive Care Society. %is approach 
re'ects daily practice, but may be di$erent in other se!ings. However, also taking 
into account that levels of sCyC and uCyC were highly variable, it seems unlikely 
that this could have altered the results. %irdly, di$erent membranes, for example 
the cellulose triacetate membrane and the polyacrylonitrile membrane may 
behave di$erently in their ability to remove CyC [26]. However, no trends of 
any di$erence in the values and variability of our #ndings was found between the 
participating ICUs. Nevertheless, the small number of patients per center has to 
be kept in mind, so future studies should include this variable in #nal analysis. 

Conclusion

Levels of sCyC and uCyC are probably not useful in the reliable prediction of 
successful stopping of CVVH in critically ill patients treated with CVVH for AKI.
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