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Abstract
Background—The primary aim of this study was to compare the sensitivity and rapidity of AKI
detection by cystatin C relative to creatinine following cardiac surgery.

Study Design—Prospective cohort study

Settings and Participants—1,150 high-risk, adult cardiac surgery patients in the TRIBE-AKI
(Translational Research Investigating Biomarker Endpoints for Acute Kidney Injury) Consortium.

Predictor—Changes in serum creatinine and cystatin C

Outcome—Post-surgical incidence of AKI

Measurements—Serum creatinine and cystatin C were measured at the preoperative visit and
daily on postoperative days 1–5. To allow comparisons between changes in creatinine and cystatin
C, AKI endpoints were defined by the relative increases in each marker from baseline (25, 50 and
100%) and the incidence of AKI was compared based upon each marker. Secondary aims were to
compare clinical outcomes among patients defined as having AKI by cystatin C and/or creatinine.
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Results—Overall, serum creatinine detected more cases of AKI than cystatin C: 35% developed
a ≥25% increase in serum creatinine, whereas only 23% had ≥25% increase in cystatin C (p <
0.001). Creatinine also had higher proportions meeting the 50% (14% and 8%, p<0.001) and
100% (4% and 2%, p=0.005) thresholds for AKI diagnosis. Clinical outcomes were generally not
statistically different for AKI cases detected by creatinine or cystatin C. However, for each AKI
threshold, patients with AKI confirmed by both markers had significantly higher risk of the
combined mortality/dialysis outcome compared with patients with AKI detected by creatinine
alone (p=0.002).

Limitations—There were few adverse clinical outcomes, limiting our ability to detect
differences in outcomes between subgroups of patients based upon their definitions of AKI.

Conclusion—In this large multicenter study, we found that cystatin C was less sensitive for AKI
detection compared with creatinine. However, confirmation by cystatin C appeared to identify a
subset of AKI patients with substantially higher risk of adverse outcomes.

Acute kidney injury (AKI) is an independent predictor of mortality in cardiac surgery
patients.(1–4) Mortality rates of 15% have been reported for patients with mild AKI, and as
high as over 60% for those patients needing dialysis.(4–6) Early detection of AKI in the
post-operative period could allow for timely therapeutic intervention to prevent progression
and potentially to improve post-surgical outcomes.(7–9) Although serum creatinine
concentration remains the clinical standard for AKI diagnosis, it may not be ideal as
creatinine is an imprecise measure of glomerular filtration. A small proportion of creatinine
is secreted in the urine without being filtered and serum creatinine levels are dependent on
its generation from muscle mass, which may be reduced in the post-operative setting.(10)

Serum cystatin C has emerged as an easily measurable marker of kidney function that is less
influenced by non-GFR determinants, such as muscle mass, and it is eliminated solely by
glomerular filtration.(11, 12) Cystatin C has been a stronger predictor for cardiovascular
events, mortality and other adverse outcomes in community-based studies.(13–18) Prior
studies for detection of AKI by cystatin C have shown mixed results. Cystatin C was
reported to be superior to creatinine in predicting contrast induced kidney injury.(19)
Cystatin C was also shown to detect AKI one to two days earlier than creatinine in critically
ill patients,(20) and postoperative cystatin C was more effective at predicting AKI in
pediatric cardiac surgery patients.(21) Two prior studies did not demonstrate a clear
advantage for serum cystatin C in predicting AKI following adult cardiac surgery.(22, 23)

In the large prospective observational adult TRIBE-AKI cohort of patients undergoing
cardiac surgery, we demonstrated that the presurgical cystatin C level was a stronger
predictor of AKI than the presurgical creatinine or eGFRCr (glomerular filtration rate
estimated from creatinine).(24) The primary aim of this study was to compare the sensitivity
and rapidity of AKI detection by cystatin C relative to creatinine during post-operative
follow-up of adult TRIBE-AKI patients. Secondary aims were to compare hospital outcomes
among patients defined as having AKI by cystatin C and/or creatinine.

METHODS
Study Population

The TRIBE-AKI cohort has been previously described.(24, 25) Participants were recruited
prior to their cardiac surgery (coronary artery bypass grafting [CABG], surgery for valve
disease, or both) at six academic medical centers in North America between July 2007 and
December 2009. We included 1150 participants who had both preoperative and at least one
postoperative value for cystatin C and creatinine. All patients were at high risk for AKI,
defined as the presence of one or more of the following criteria: pre-existing decreased
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kidney function (baseline serum creatinine >2 mg/dL [>177 µmol/L]), ejection fraction
<35% or grade 3 or 4 left ventricular function, age older than 70 years, diabetes mellitus,
concomitant CABG and valve surgery, urgent surgery or repeat revascularization surgery.
Patients were excluded if they had evidence of AKI before surgery, prior kidney transplant,
advanced chronic kidney disease (CKD), or chronic kidney failure. All participants provided
written informed consent, and the study was approved by each institution’s research ethics
board. Baseline and clinical characteristics were obtained from the patients and definitions
using the Society of Thoracic Surgeons data collection tool (www.sts.org).

Specimen Collection
Study coordinators collected blood preoperatively and daily for up to 5 postoperative days as
previously described.(25) Median time between the preoperative visit and cardiac surgery
was 4.6 (25th–75th percentile, 1.6–11.7) days. The first blood sample was collected soon
after admission to the intensive care unit on day one. The remaining daily blood samples
were obtained at the time of routine morning blood collection. Specimen collection was
stopped on postoperative day 3 in participants without an increase in serum creatinine.
Blood was collected in EDTA tubes and was centrifuged to separate plasma. Plasma was
aliquoted into bar-coded cryovials and the samples were stored at −80°C until biomarker
measurement.

Measurements
Creatinine was measured at the preoperative visit and daily on postoperative days 1–5 as
part of clinical practice; 84% of the participants had at least 3 of the 5 daily creatinine
values. Presurgical and postsurgical serum creatinine levels were measured in the same
clinical laboratory for each patient at all sites. Sites used isotope-dilution mass spectrometry-
calibrated or the Jaffe method to measure serum creatinine. Estimated GFR (eGFR) was
calculated using the serum creatinine-based Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.(26)

Cystatin C was measured from specimens collected at the preoperative visit and daily on
postoperative days 1–5, using samples that had not undergone additional freeze-thaw cycles;
89% of the participants had at least 3 of the 5 possible follow-up cystatin C values.

Both preoperative and postoperative cystatin C measurements were conducted in a large
batch using a BN II nephelometer (Siemens AG, www.siemens.com), which has an
approximate coefficient of variation of 2%.(27) Study technicians running the assays were
blinded to the participant’s clinical information.

Outcomes
The primary outcome was the post-surgical incidence of AKI, as detected by elevations in
creatinine and cystatin C, and the time (in days) to reach AKI, based on each marker. To
allow comparisons between changes in creatinine and cystatin C, we compared AKI
endpoints based on the relative increases in each marker from baseline (25, 50 and 100%).
Comparisons based on absolute changes from baseline were impossible due to the different
units of these filtration markers. However, the number of participants with a ≥ 25% increase
in creatinine (N=400) was very similar to the number with AKI as defined by Acute Kidney
Injury Network (AKIN) stage I or higher (n=406). Of these, 361 had both ≥ 25% increase in
creatinine and a ≥0.3mg/dL increase in creatinine (90%).

To evaluate whether postsurgical changes in kidney function measured by each marker were
clinically important, we compared associations of each AKI definition, detected by cystatin
C versus serum creatinine, with subsequent clinical endpoints. These outcomes included
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length of ICU and hospital stay, in-hospital mortality, and the combined incidence of in-
hospital mortality and dialysis.

Statistical Analysis
Incidence of AKI was calculated for creatinine and cystatin C using the 25%, 50% and
100% threshold increase from pre-operative baseline to peak values for each marker over 5
days. We compared the proportions of participants defined as having AKI by creatinine and
cystatin C using the chi-squared test. Among AKI cases defined by each marker, we also
assessed the rapidity of AKI detection by comparing the hospital day at which the AKI
threshold was crossed. These comparisons were repeated for the 25%, 50% and 100%
endpoints for AKI, and the distributions of time to AKI were compared using the Wilcoxon
rank-sum test.

We next categorized participants into 4 mutually exclusive groups as follows: no AKI, AKI
detected by creatinine only, AKI detected by cystatin only, and AKI detected by both
markers. These categorizations were repeated using the 25%, 50%, and 100% thresholds of
AKI, but limiting AKI cases to those detected within 3 days. An alternative analysis
evaluated AKI definitions for creatinine and cystatin C separately.

Clinical outcomes for each AKI definition were then compared across these four groups.
Hospital length of stay and ICU length of stay were presented by median (25th–75th

percentile). Mortality and dialysis risks were described as proportions. We compared the
length of stay outcomes between the groups with AKI detected by creatinine only versus
AKI detected by cystatin C only using the Wilcoxon rank-sum test. Incidences of in-hospital
mortality and combined incidence of in-hospital mortality and dialysis were compared
between the same two groups using the Fisher’s exact test.

Finally, we analyzed only participants that met each AKI threshold based upon creatinine; in
this group, we evaluated the risk-stratifying ability of cystatin C by comparing outcomes for
participants with AKI detected by creatinine only versus AKI detected by both creatinine
and cystatin C.

RESULTS
Baseline characteristics

Among the 1150 participants in this study, the average age was 71 ± 10 years, 68% were
men and 93% were white. The mean preoperative serum creatinine was 1.1 ± 0.3 mg/dL and
mean preoperative cystatin C was 0.93 ± 0.32 mg/L. Baseline characteristics were compared
across 4 groups (no AKI, AKI detected by creatinine only, AKI detected by cystatin only,
and AKI detected by both markers) for the 25% threshold. As expected, the group with AKI
by creatinine had a higher elevation in creatinine and the group with AKI by cystatin C had
a higher elevation in cystatin C. The group with AKI by both markers had the largest
elevation from baseline values of both creatinine and cystatin C (Table 1).

Detection of AKI cases
Overall, serum creatinine detected more cases of AKI than cystatin C. Of 1150 participants,
35% developed AKI defined by a ≥25% increase in serum creatinine and 23% developed
AKI defined by a ≥25% increase in cystatin C (p < 0.001). When using the ≥50% cutoff, the
incidences of AKI were 14% and 8% by serum creatinine and cystatin C, respectively (p <
0.001), whereas the ≥100% cutoff resulted in an incidence of AKI of 4% and 2% by serum
creatinine and cystatin C (p = 0.005).
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For the ≥25% cutoff point, only 15% (n=177) were defined as AKI by both markers; 19%
(n=223) had AKI by creatinine alone, whereas 7% (n=84) by cystatin C alone. The
incidence of AKI was much lower for the 50% and 100% definitions, but similar patterns
were observed. For all three thresholds of AKI detected by serum creatinine, less than half
of the participants had a concomitant rise in cystatin C.

Time to AKI
Detection of AKI cases occurred earlier by serum creatinine than by cystatin C for each AKI
definition: ≥25% (p = < 0.001), ≥50% (p = < 0.001), and ≥100% (p = 0.04) rise in each
marker. Median time to AKI detection by creatinine was 2, 2, and 3 days for AKI definitions
of ≥25%, ≥50% and ≥100% rise from baseline in creatinine values, respectively. Median
time to AKI by cystatin C criteria was day 3 for all AKI definitions.

By day one, upon ICU arrival, 32% of all AKI cases defined by a 25% creatinine increase
had been detected, compared with only 9% of AKI cases detected by a ≥25% increase in
cystatin C (Figure 1A). Similar patterns of earlier detection were observed for the 50% and
100% AKI definitions (Figure 1B, C). There were no differences in the time to elevation of
either creatinine or cystatin C when the cases of AKI were limited to persons with both
markers elevated beyond each threshold.

Clinical Outcomes
We compared clinical outcomes among the four groups defined by presence or absence of
AKI by creatinine and cystatin C. Those with AKI defined by both markers had the longest
hospital and ICU length of stay, and had the highest risk for death and the combined death
and dialysis outcomes (Table 2). This pattern was generally consistent throughout all AKI
thresholds.

When we compared the participants with AKI detected by a ≥25% rise in creatinine only or
cystatin C only over 5 days, we found that the creatinine only group had a statistically
significant longer hospital stay (p <0.001) but there were no significant differences in ICU
length of stay (p = 0.3), in-hospital mortality (p = 0.3) and composite of mortality and
dialysis (p = 0.2). There were no statistically significant differences in hospital length of
stay, ICU length of stay, in-hospital mortality and composite of mortality and dialysis rates
between the groups with creatinine only and cystatin only elevation at either the 50% or
100% thresholds (Table 2). Similar findings were observed when the AKI threshold was
reached in the first 3 days (Table 3).

We then compared clinical outcomes when AKI was defined by creatinine or cystatin C
separately. There were 50% more cases of AKI detected by creatinine (n=400) versus
cystatin C (n=261) for the 25% AKI threshold. The incidence of creatinine detected AKI
was nearly two-fold that of the cystatin C AKI definition by the 50% (n=162 versus n=87)
and 100% (n=42 versus n=20) thresholds. The associated clinical outcomes were similar for
the 25% and 50% thresholds but the group with AKI by 100% elevation in cystatin C
appeared to have worse prognosis (Table S1, available as online supplementary material).

Finally, we compared clinical outcomes between the creatinine only group and the group
with AKI detected by both creatinine and cystatin C in order to assess the ability of cystatin
C to distinguish AKI cases associated with high risk. Hospital and ICU length of stay was
greater for patients with both markers elevated only for the highest AKI threshold. The
group with AKI by ≥25% rise in both markers had a statistically significant doubling of
mortality and combined mortality/dialysis incidence compared to the creatinine only (p =
0.04 and 0.002, respectively). The groups with AKI by ≥50% and 100% rise in both markers
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had a statistically significant increase of combined mortality/dialysis incidence compared to
the group with AKI by creatinine only (p = 0.001 and 0.002 respectively) (Table 2).

DISCUSSION
Acute kidney injury is associated with significant morbidity and mortality. This has driven
current efforts to explore novel biomarkers for earlier and improved detection of AKI. The
purpose of this study was to compare cystatin C with the clinical standard, creatinine, for
detecting AKI after cardiac surgery. Cystatin C is a promising biomarker with physiologic
characteristics that suggest it is likely a better estimate of glomerular filtration, at least in the
ambulatory setting. Cystatin C is eliminated mainly by glomerular filtration and has a short
half-life that allows rapid attainment of steady state levels. Based on these properties, we
hypothesized that cystatin C would be a more sensitive and rapid marker of AKI than
creatinine.

Prior smaller studies of AKI in cardiac surgery patients have focused on the discriminatory
ability of early post cardiac surgery plasma cystatin C measurements to predict AKI defined
by creatinine criteria. In the study by Wald et al, a positive association between cystatin C
levels and AKI development was noted; however, 2 hour post cardiopulmonary bypass
cystatin C values failed to predict AKI in patients without baseline CKD.(22) Similarly, in a
single center study of adult cardiac surgery patients, there was no significant difference
between plasma cystatin C values of those with and without AKI 6 hours after surgery. In
addition, cystatin C rose later than creatinine in those who developed AKI.(23)

Our study was different as it attempted to provide a head-to-head comparison between the
abilities of cystatin C and creatinine to diagnose AKI, and the population studied was
selected for high AKI risk. Given the larger number of measured clinical outcomes, it also
attempted to answer whether AKI cases detected by cystatin C versus creatinine had
different clinical significance. In line with these prior results, in this large multicenter study,
we found that cystatin C was less sensitive and detected AKI later than creatinine. The only
potential advantage noted for cystatin C in our study was its potential to distinguish the
high-risk subset among patients with clinical AKI detected by creatinine.

The discrepancies between our results and those of prior studies favoring cystatin C may lie
in the study design and populations studied. Zappitelli et al. found that the 6-hour post-
operative cystatin C was a better predictor of AKI stage II than creatinine in pediatric
cardiac surgery patients.(21) This study evaluated a pediatric cardiac cohort, and used
creatinine as the ultimate determinant of AKI. Briguori et al. also used creatinine criteria to
determine sensitivity and specificity of relative changes in cystatin C for contrast
nephrotoxicity-induced AKI.(19) Herget-Rosenthal et al. demonstrated an earlier rise in
cystatin C than creatinine in cases of AKI in ICU patients, but this study included patients
with a higher acuity of illness.(20) In patients with more prolonged hospitalization,
creatinine generation may be impaired and thus delay its rise in response to changes in
kidney function. Other factors related to cardiac surgery are hemodilution due to fluid
administration(22, 23, 28) and use of drugs that may affect the two filtration markers
differently. For example, abnormalities of thyroid function, steroid therapy or systemic
sepsis may affect serum cystatin C.(29, 30) Another possible reason for the discrepancy
between this study and prior studies is the potential selection bias introduced by the
preoperative creatinine level and its potential impact on the decision to proceed with
surgery. Potential participants whose pre-operative creatinine was higher than expected may
have had their surgery postponed or cancelled. Therefore, the participants may have thus
been selected for having lower than usual creatinines at the baseline visit. This could have
inflated the proportion meeting each AKI threshold. Cystatin C measurements on the other
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hand were unknown and did not affect the decision to undergo surgery. This may have
contributed somewhat to the apparent superior sensitivity of creatinine in detection of AKI
relative to cystatin C.

While most of our findings did not support that cystatin C is better than creatinine in
detection of AKI, they suggest that cystatin C could be important in risk stratification of
AKI cases with more severe complications. Less than half of the AKI cases detected by
creatinine in our study had concomitant elevation of cystatin C. However, the participants
with AKI confirmed by cystatin C had substantially worse in-hospital outcomes, including a
doubling of mortality and combined mortality/dialysis risk. Previously, in the setting of
ambulatory CKD patients, Peralta et al. demonstrated that cystatin C had a useful role for
confirming cases of CKD that were defined by an creatinine-based eGFR <60ml/min/
1.73m2. CKD cases confirmed by cystatin C had substantially higher risk for cardiovascular
and renal complications.(18) Our study has somewhat parallel findings in patients with
potential AKI; as in CKD diagnosis, patients with abnormal values by two filtration markers
had much higher risk than patients with only an abnormal creatinine results. If replicated,
cystatin C could potentially have a role in clinical practice related to AKI diagnosis by
signaling patients with highest risk of in-hospital adverse outcomes. Cystatin C could also
predict those AKI patients that later develop CKD. Greater application requires further
validation of these findings in different patient populations and for longer duration of
follow-up. To our knowledge, current AKI guidelines do not include definitions based upon
cystatin C as the filtration marker.

The major strengths of this study are its large, multicenter design with rigorous data
collection undertaken to examine the role of cystatin C in AKI detection after cardiac
surgery. It is the largest AKI study to date to compare cystatin C and creatinine in the
detection of AKI. This study is however limited by the lack of a gold-standard definition of
AKI in clinical practice or clinical research. Furthermore, while the studied population was a
diverse representation of adult cardiac surgery patients from 6 different institutions, most
participants were male and white. A potential source of variability could be the lack of
standardization of serum creatinine methods across the clinical sites of this multi-center
study, whereas all cystatin C measures were conducted at a single laboratory within a short
period of time. However, within each individual participant, all creatinine measures were
conducted in the same hospital laboratory within a 5-day period, minimizing the impact of
this potential bias. Lastly, the number of adverse clinical outcomes was small in our study,
limiting our ability to detect differences in outcomes between subgroups of patients based
upon their definitions of AKI.

In conclusion, cystatin C detected fewer cases of AKI compared to creatinine and those
cases that were detected were discovered at later time points. However, among patients with
clinical AKI detected by creatinine, the subgroup with AKI that was confirmed by cystatin C
had a much higher incidence of adverse outcomes. If the latter findings are replicated in
future studies, cystatin C may have potential utility for risk stratification of AKI.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Proportion of AKI Cases Detectable on Days 1–5, Defined by an Increase of Creatinine
and Cystatin C by ≥25% (A), ≥50% (B), and ≥100% (C)
Creatinine-based AKI cases include those detected by creatinine and by both creatinine and
cystatin C. Cystatin C-based AKI cases include those detected by cystatin C and by both
creatinine and cystatin C.
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