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Serum cystatin C as an early marker of
Acute Kidney Injury in elderly patients
after surgery for femur fracture. An
observational study

Abstract

Background: Acute kidney injury (AKI) is prevalent in hospitalized patients, primarily in patients
undergoing major surgical procedures. AKI is associated with increased morbimortality, and patients
would benefit from a very early diagnosis that would allow implementation of specific therapeutic or
additional prophylactic measures. The present study evaluated serum cystatin C as an early predictor of
AKI in elderly patients during the postoperative period.

Methods: Fifty-nine patients, aged 60 years or older undergoing correction of femur fracture under
spinal anaesthesia, were prospectively evaluated up to 48 hours after surgery. Serum cystatin C was
measured immediately after surgery and four (early marker) and 24 hours after surgery. The diagnosis
of AKI was based on creatinine values up to 48 hours after surgery (Kidney Disease Improving Global
Outcomes, KDIGO), and the impact of serum cystatin C on the diagnosis of AKI was evaluated four hours
after surgery.

Results: Twenty-one patients (35.6%) were diagnosed with AKI. The values of serum cystatin C
[median (13t - 3« quartiles)] at four hours were 1.24 (1.00 - 1.49) and 0.90 (0.78 - 1.15) mg.L" for patients
with and without AKI, respectively (p = 0.003). The best serum cystatin C cut-off value at four hours was
0.92 mg.L", with negative and positive predictive values equal to 95% and 50%, respectively, a sensitivity
of 94%, a specificity of 51%, and an accuracy (area under the curve) of 75% (95% confidence interval: 61%
t0 86%).

Conclusions: Serum cystatin C exhibited good accuracy (75%) for the diagnosis of AKI and elevated
the potential identification of patients with lower chances of presenting AKI at a cut-off value of 0.92 mg.
L four hours after femur fracture repair under spinal anaesthesia.

AKIlisanindependent risk factor for mortality, and it reaches
rates of 70% when renal replacement therapy is needed [6,7].
AKI also increases the length of hospital stay and hospital costs
[8]. Considering the increased morbimortality, AKI should be
identified as soon as possible during the postoperative period.
Creatinine and urine output are used extensively to evaluate
the glomerular filtration rate in clinical settings. However,
creatinine fails in several aspects to diagnose AKI, and it is an

Acute kidney injury (AKI) is a highly prevalent condition
that occurs in 18 to 47% of surgical patients, primarily patients
undergoing cardiovascular surgeries [1-3]. It has been reported
that 5 to 7% of all hospitalized patients develop AKI, and greater
than 30% of these patients are in intensive care units [4].
Recent studies found even higher numbers when considering a
more sensitive classification of AKI scoring system, the Kidney
Disease Improving Global Outcomes (KDIGO), which found an
overall incidence of 23% in hospitalized patients [5].

insensitive marker for acute changes in glomerular filtration
rate [9,10]. Diuresis is a nonspecific marker for AKI, and
the inability to concentrate urine may lead to a dissociation
between urine production and kidney function [11]. Patients
in critical care conditions may exhibit periods of oliguria that
are not followed by AKI [12], and the correct measurement of
urinary output may also be a problem [13].

Cystatin C was investigated because of the scarcity of early
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and accurate markers for AKI. All nucleated cells in the human
body produce cystatin C protein at a constant rate. Cystatin C
is freely filtered by the glomerulus and completely degraded by
renal tubular cells. Its serum concentration rises particularly
with a decrease in glomerular filtration rate [14,15]. In a meta-
analysis, cystatin C appears to be a promising marker for the
early evaluation of kidney function in patients at risk of kidney
injury [16].

The use of cystatin C in the identification of acute kidney
injury remains controversial [17]. The superior performance of
cystatin C, rather than creatinine, as a marker of the glomerular
filtration rate allowed a reclassification of renal function to
better and worse scores, which resulted in a better correlation
with the risk of death [18]. Cystatin C exhibited better accuracy
than creatinine in the identification of acute kidney dysfunction
in the intensive care setting [19], and it was an early marker of
AKI [20,21]. However, similarity between these two markers
was observed, even for the early detection of AKI [22,23].

Advanced age is a major risk factor for developing AKI [2].
Ageing causes a progressive decrease in renal mass and in
the number of glomeruli, and it also causes tubulointerstitial
fibrosis, which is more pronounced when associated with
prevalent diseases in the elderly, such as hypertension,
diabetes mellitus, chronic kidney disease, atherosclerosis and
congestive heart failure [24-27]. The limitations of creatinine
in demonstrating impairments in glomerular filtration in
the elderly are known. Therefore, cystatin C may be a better
marker than creatinine for the identification of AKI in older
patients, primarily because of its non-dependency on muscle
mass [28,29]. Cystatin C exhibited similar performance to
creatinine as a marker of glomerular filtration rate in a study
of 48 patients over 85 years old [30].

We hypothesized that cystatin C was a better marker
than creatinine as an early marker of AKI in elderly patients
undergoing major surgery. The present study evaluated the
accuracy of serum cystatin C as an early predictor of AKI in
elderly patients who underwent femoral fracture repair under
spinal anaesthesia.

Materials and Methods
Participants and eligibility criteria

The present study was registered in the Plataforma
Brasil (www.saude.gov.br/plataformabrasil) under CAAE
15062014.0.0000.5411 after approval of the Ethics Committee
of the General Hospital of Vitéria da Conquista, Bahia, Brazil.
The study was performed according to the STROBE statement.
This prospective cohort study was performed from February 1
to July 31, 2014. Sixty-six patients, both sexes, aged 60 years
or older, in physical state 1 or 2 according to the American
Society of Anesthesiologists, who were scheduled for elective
femur fracture repair under spinal anaesthesia were recruited.
Exclusion criteria were serum creatinine values > 2 mg.dL?,
patients under renal replacement therapy, the presence of any
degree of thyroid disease, the use of steroids and any condition
contraindicated for spinal anaesthesia. All participants
provided written informed consent.

Interventions

Patientsfastedfor8to10hoursandreceivednopreanaesthetic
medication. Patients were referred to the operating room and
monitored using a three-lead electrocardiogram, non-invasive
blood pressure and pulse oximetry. An intravenous line was
established using a 20G or 18G peripheral catheter, and lactated
Ringer’s solution was administered at 10 mL.kg.h.

Spinal anaesthesia was performed using a 25G Quincke
needle at intervertebral spaces L,-L; or L -L, via a midline
approach with the patients seated, and 12.5 to 15 mg of
isobaric bupivacaine hydrochloride plus 60 pg morphine
was injected. Patients were lightly sedated according to the
anaesthesiologist’s judgement, and oxygen was provided via
a nasal catheter at 2-3 L.min. All patients received antibiotic
prophylaxis of 2 g cephalothin. Additional boluses of crystalloids
were administered according to the anaesthesiologist’s
judgement, and packed red blood cells were administered when
haemoglobin values wereless than 9 g.dL. Arterial hypotension
was considered as a systolic blood pressure lower than 90
mmHg or a 40% decrease in relation to the baseline value, and
it was treated with etilefrine hydrochloride or metaraminol
bitartrate. Atropine was administered when the heart rate fell
below 50 beats.min". Tramadol (100 mg intravenously (IV))
and ondansetron (8 mg, IV) were provided prophylactically for
postoperative analgesia and nausea and vomiting, respectively.
Urinary catheterization was not routinely performed, and
diuresis was not measured. Patients remained in the recovery
area at the end of surgery and were sent to the ward after
partial or complete recovery from motor and sensory blocks,
according to the anaesthesiologist’s judgement.

Measurements and outcomes

A venous blood sample was collected at hospital admission
for serum creatinine measurement. Venous blood samples were
collectedimmediately at the end of surgery and four and 24 hours
after the end of surgery in different tubes for determinations
of serum cystatin C and serum creatinine values. An additional
blood sample was collected 48 hours after surgery for serum
creatinine measurement. All samples were 2 ml of venous
blood collected in tubes containing ethylenediaminetetraacetic
acid (EDTA). Samples for serum cystatin C measurement were
centrifuged for serum separation, and sera were stored at
-170 °C for subsequent analysis. Samples were analysed using
enzyme-linked immunosorbent assay (ELISA) and a Cystatin C
Kit (Human, product number ALX-850-292 Enzo Life Sciences,
Farmingdale, NY, USA). Samples for the measurement of serum
creatinine were transported to a laboratory and analysed using
the Creatinine K 016 kit (Labtest, Belo Horizonte, MG, Brazil)
based on the Jaffé reaction.

The primary outcome was the incidence of AKI from serum
creatinine measurements and its correlation with serum
cystatin C values at four hours (early marker). The values of
serum cystatin C 24 hours after surgery and the delta values
from the end of the surgery to four and 24 hours after surgery
were also analysed. The definition of AKI was based on the
preoperative values of serum creatinine compared to its values
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at 24 and 48 hours. The KDIGO classification was used [31].
Briefly, an absolute increase in serum creatinine greater than
or equal to 0.3 mg.dL™ or a percentage increase in serum
creatinine greater than or equal to 50% (1.5-fold from baseline)
within 48 hours indicated AKI.

We evaluated the values of serum creatinine at the end of
surgery and four, 24 and 48 hours after surgery, as well as
different postoperative delta values. The correlation between
the values of serum cystatin C and serum creatinine and the
relative risk of AKI according to serum cystatin C values were
also analysed. We calculated the best cut-off value of serum
cystatin C four hours after surgery, as well as its accuracy,
sensitivity, specificity, and positive and negative predictive
values related to the occurrence of AKI.

Statistical analysis

The sample size calculation, considering the estimated
incidence of AKI equal to 25% with an accuracy (area under
curve) equal to 0.8, a power of 90% and an alpha equal to 0.05,
based on the formula proposed by Hanley and McNeil [32],
indicated that a minimum of 48 patients would be necessary
to detect differences between the accuracy of two different
markers.

Numerical values are reported as the mean and standard
deviation or median and interquartile range, according to the
presented distribution of data. Evaluation of normality was
performed using graphical analysis, values of skewness and
kurtosis, and Kolmogorov-Smirnov and Shapiro-Wilk tests.
The homogeneity of variance was evaluated using Levene’s test.
Student’s t-test for independent samples and a factor analysis
of variance (ANOVA one-way) were used for variables with a
normal distribution. The Mann-Whitney test was used for the
variables with an asymmetric distribution. The association
between serum concentrations of creatinine and cystatin C
were examined using the Spearman correlation. Categorical
variables are presented as totals and relative frequencies and
compared using the chi-square test or Fisher’s exact test (when
frequencies were lower than five). The association between
serum cystatin C at different times (independent variable)
and AKI (dependent variable) were examined using Poisson’s
regression model. Solid models were calculated to estimate the
relative risk and the 95% confidence intervals. The receiver
operating characteristic (ROC) curve was calculated to evaluate
the accuracy of cystatin C as a diagnostic test for AKI. The
optimal cut-off point was selected according to the Youden
criterion. The significance level adopted was 5%. The data were
analysed using IBM SPSS Statistics for Windows, Version 21.0,
2012 (Armonk, NY: IBM Corp) and MedCalc Statistical Software,
version 14.8.1, 2014 (MedCalc Software bvba, Ostend, Belgium).

Results

Serum cystatin C was analysed in 59 of the 66 patients
eligible for the study. Seven patients were excluded: one patient
had clinical signs of sepsis in the operating room and had the
surgery postponed; four patients were lost to follow-up after
being transferred to another hospital; and two patients were
missing data (blood sample not collected).

Table 1 shows the demographic and clinical data of the
59 patients and their distribution according to the presence
or absence of AKI. Twenty-one patients (35.6%) developed
postoperative AKI.

Table 2 shows the perioperative values of serum creatinine
and cystatin C concentrations of all patients and according to
the presence or absence of AKI. The postoperative delta values
are also shown. Values of serum creatinine were significantly
higher (p < 0.05) in patients who presented AKI at 24 and 48
hours, but not four hours, after the end of surgery. The delta
values of serum creatinine were also significantly higher (p <
0.05) at 24 and 48 hours, but not in the first four hours, after
surgery. However, serum cystatin C was significantly higher
(p < 0.05) four hours after surgery when AKI was present.
Delta values from the end of surgery to four hours were also
significantly higher (p < 0.05) when AKI was present. Values of
serum cystatin C remained significantly elevated (p < 0.05) for
24 hours after surgery in this group of patients.

Table 1: Baseline patient characteristics and intraoperative data. Data are presented
as the means (standard deviation) or numbers (%). ASA, American Society of
Anesthesiologists; COPD, chronic obstructive pulmonary disease; KDIGO, Kidney
Disease: Improving GIobaI Outcomes, classification of acute kidney injury.

Acute Kidney Injury

Variable A" patients No
n=59 n=21 (35 6%) n = 38 (64.4%)

Age (years) 79.5+99 80.5+9.6 78.7+10.0
60-69 years 13 (22.0) 3(14.3) 10 (26.3)
70-79 years 17 (28.8) 10 (47.6) 7(18.4)
80-89 years 22 (37.3) 5(23.8) 17 (44.7)
=90 years 7(11.9) 3(14.3) 4(10.5)
Female 37 (62.7) 15 (71.4) 22 (57.9)
Weight (kg) 60.0 +12.7 63.3+10.5 60.3+14.2
ASA (1/2) 8(13.6)/ 51 (86.4) 1(4.8)/20(95.2) 7 (18.4)/31 (81.6)
Hypertension 32 (54.2) 16 (76.2) 16 (42.1)
Diabetes 7(11.9) 2(9.5) 5(13.1)
Stroke 4(6.8) 3(14.2) 1(2.6)
COPD 4(6.8) 1(4.8) 3(7.9)
Congestive heart failure 2 (3.4) 1(4.8) 1(2.6)
Myocardial infarction 1(1.7) 1(4.8) 0
Dementia 2(3.4) 1(4.8) 1(2.6)
Epilepsy 1(1.7) 1(4.8) 0
Parkinson disease 1(1.7) 0 1(2.6)
Alcoholism 1(1.7) 0 1(2.6)

Preoperative

. 9.7+1.7 10.0+1.8 9.6+1.7
haemoglobin (g.dL™) - - -

Length of surgery

. 101 +42.4 112.8 +40.0 96.2+42.9
(minutes)

Intraoperative
crystalloid (ml)

Packed red blood cells

1669.6 + 694.3 1812.5+5439 1612.5+744.5

() 347.1+87.9 318.6+32.9 397.0+135.6
KDIGO 1 14 (66.7)
KDIGO 2 7(33.3)
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Table 3 presents the correlations between the values of
serum cystatin C and serum creatinine. The best correlations
were observed for serum cystatin C at four hours with serum
creatinine at four and 24 hours, as well as serum cystatin C at
24 hours and serum creatinine at 24 hours.

Table 4 presents the relative risks of AKI according to
serum cystatin C values at the end of surgery and four and 24
hours after surgery, as well as the delta values from the first
four hours and from the end of surgery to 24 hours. The higher
values were observed at the 4-hour measurement and the delta
from the end of surgery to four hours after surgery. Regression
estimated that every increase of one unit (1 mg.L?) in serum
cystatin C at four hours increased the risk of occurrence of AKI
£4.80 times.

The highest relative risk of AKI was measured from serum
cystatin C values four hours after surgery. Table 5 shows an
analysis of the accuracy (area under the ROC curve) of these
values. The best cut-off value for serum cystatin C was 0.92
mg.L, which provided very high sensitivity (94%) and a
negative predictive value (95%).

Discussion

The present study demonstrated a high incidence of AKI
(35.6%) in elderly patients undergoing femur fracture repair
under spinal anaesthesia. The RIFLE classification in patients
aged 65 years or older who had undergone surgical correction

Table 2: Preoperative and postoperative serum concentrations of creatinine and
cystatin C. Values are medians (25% percentile - 75% percentile).

. Acute kidney inj
All patients

n =59

=38 (64.4%)
Serum creatinine (mg.dL")
Preoperative  0.80 (0.70-1.00) 0.85(0.70-1.08) 0.80(0.70-1.00) 0.691

Hours after surgery

Zéf;:r;)f 0.73(0.57-0.92) 0.73(0.62-0.99) 0.67(0.54-0.83) 0.139
4 0.78(0.63-1.01) 0.89(0.75-1.10) 0.75(0.57-0.96) 0.051
24 0.90 (0.70-1.14) 1.16(0.92-1.57) 0.79(0.65-0.97) <0.001
48 0.90 (0.70-1.20) 1.35(1.08-1.50) 0.80 (0.62-0.90) < 0.001

Delta (hours after surgery)
0-4 0.03 (-0.06-0.21) 0.05(-0.02-0.24) 0.03(-0.08-0.14) 0.308
0-24 0.14(0.06-0.31) 0.31(0.17-0.71) 0.11(0.03-0.21)  0.001
0-48 0.20 (-0.01-0.38) 0.44(0.30-0.78) 0.13 (-0.05-0.20) < 0.001
4-24 0.12(0.01-0.19) 0.20 (0.06-0.54) 0.09 (0.01-0.15) 0.019
4-48 0.08 (-0.04-0.44) 0.44(0.18-0.51) 0.01(-0.11-0.13) <0.001
Serum cystatin C (mg.L")

Hours after surgery

Zﬁf;‘:r;; 1.04(0.87-1.24) 1.12(0.89-1.35) 1.02(0.83-1.16) 0.106

4 1.01(0.83-1.29) 1.24(1.00-1.49) 0.90(0.78-1.15) 0.003

24 1.05(0.86-1.32) 1.30(1.14-1.52) 0.92(0.83-1.16) 0.001
Delta (hours after surgery)

0-4  -0.02(0.12-0.19) 0.18(:0.09-0.29) -0.05(-0.16-0.12) 0.032

0-24 0.07 (-0.16-0.29) 0.26 (-0.08-0.49) 0.03(-0.14-0.19) 0.015

Table 3: Coefficients of the correlation between serum creatinine and serum
cystatin C calculated for the different moments of blood sampling.

Serum cystatin C
endofsugery) | 4 | 2 |
Serum cre ne

Hours after surgery

Preoperative 0.305" 0.453¢% 0.443¢%
Hours after surgery

0 (end of surgery) 0.186 0.359*% 0.169

4 0.427+ 0.573" 0.455¢%

24 0.355¢% 0.613" 0.625

48 0.387+ 0.481+ 0.541"

*p < 0.05; %p < 0.01; *p < 0.001.

Table 4: Relative risk of acute kidney injury, according to postoperative serum
cystatin C (hours after surgery) and based on each increase of 1 mg.L".

Variable Relative risk |95% confidence interval | p value
Cystatin C, 0 hours (end of 299 1.09-4.84 0.030
surgery)
Cystatin C, 4 hours 4.80 2.17-10.62 <0.001
Cystatin C, 24 hours 3.12 1.95-4.99 <0.001
Delta Cystatin, 0 - 4 hours 3.76 0.88-16.03 0.073
Delta Cystatin C, 0 - 24 hours 3.29 1.17-9.28 0.024

Table 5: Parameters of performance for serum cystatin C as a biomarker of acute
kidney injury when measured 4 hours after surgery. ROC, receiver operating
characteristic; Cl, confidence interval.

Serum cystatin C measured 4 hours after surgery
Numberofpatients s |

Accuracy (area under ROC

0.75 (95% Cl: 0.61 - 0.86)

curve)

Cut-off point 0.92 mg.L"
Sensitivity 0.94
Specificity 0.51

Positive predictive value 0.50
Negative predictive value 0.95

of femur fracture found an incidence of 21% of AKI [33]. The
current recommended criteria for the diagnosis of AKI, which
considers a small increase in the values of serum creatinine,
0.3 mg.dL*within 48 hours, independent of baseline values,
may have increased the sensitivity to detect AKI [34], but in-
hospital mortality was not reduced [35,36]. Therefore, other
criteria based on early markers of renal function should be
considered, primarily when a high incidence of AKI is expected,
to offer clinicians the opportunity to treat or provide additional
preventive measures to control the injury progression.

Monitoring the glomerular filtration rate using an
endogenous marker is the most practical method to evaluate
renal function. Creatinine is routinely used to measure the
glomerular filtration rate, but it fails in several aspects,
primarily in the elderly, because creatinine is influenced by
muscle mass. Cystatin C may be a better marker of the decline
in the glomerular filtration rate that accompanies ageing [37].
The short half-life of cystatin C explains the earlier changes
in its serum levels compared to creatinine [38]. However,
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the results remain controversial. Cystatin C exhibited only a
modest discriminatory capacity for predicting AKI (area under
the curve: 0.68, 95% confidence interval: 0.58 to 0.78) when
assessed two hours after the end of cardiopulmonary bypass
[39]. Cystatin C exhibited worse accuracy than creatinine,
with areas under the ROC curve equal to 0.48 and 0.80, when
measured 12 hours after the use of contrast media for coronary
angiography, for the purpose of early diagnosis of contrast-
induced nephropathy [40]. We focused on the serum cystatin
C values obtained four hours after the end of surgery and
verified the elevated values in these patients who developed
AKI. The variation in the values from the end of the surgery to
four hours after the surgery was also elevated. The gross value
of serum creatinine and its delta value for the same moments
of evaluation were not significantly higher in the group of
patients with AKI.

Cystatin C and creatinine were also positively correlated.
Elevated cystatin C four hours after the end of the surgery
reflected an increase in creatinine measured 24 and 48 hours
after the surgery. Therefore, the 4-hour serum cystatin C
measurement reflected creatinine values at least 20 hours in
advance, which confirms its potential as an earlier marker for
the decrease in renal function.

The high relative risk and statistical significance based
on the values of serum cystatin C obtained four hours after
the end of the surgery, overwhelming the relative risk from
its delta value in the first four hours after surgery, indicates
that a single measurement of serum cystatin C is sufficient
to evaluate the risk of AKI, and serial measurements of this
marker are unnecessary. A cut-off value of 10% for the increase
in cystatin C within 24 hours exhibited a 100% negative
predictive value for the detection of acute changes in renal
function in patients with chronic kidney disease undergoing
coronary and/or peripheral angiography and/or angioplasty
[41]. This fact represents valuable clinical information and
indicates an earlier detection of changes in renal function
compared to creatinine values. The 24-hour interval may not
be considered an early detection, and it remains dependent on
serial measurements of cystatin C.

In our study, patients who developed AKI exhibited a 0.18
mg.L median increase in serum concentrations of cystatin C
in the first four hours after surgery, unlike patients who did
not develop AKI, who exhibited a decrease in serum cystatin
C concentrations. Similarly, a median increase of 0.26 mg.L*
of serum cystatin C was observed in patients who developed
AKI at the 24-hour interval, and no significant changes were
observed in patients who did not develop AKI. Despite this
increase in delta values, the relative risk associated with the
value of a single measurement of serum cystatin C four hours
after the end of the surgery was higher than the associated
delta values of these two intervals.

Analysis of the overall performance of serum cystatin C
four hours after the end of surgery demonstrated an accuracy
of 75% (95% confidence interval: 61% to 86%), which is
considered good. A recent meta-analysis of 30 prospective
cohort studies found that the overall accuracy of cystatin C for
the identification of AKI was 89% (95% confidence interval:
86% to 91%) [42]. Subgroup analysis of the accuracy from

measurements one to six hours after surgery resulted in values
very similar to ours, 77% (95% confidence interval: 73% to
80%). However, in elderly patients undergoing cardiac surgery,
composing a group of patients who have high incidence of AKI,
serum cystatin C was no better than creatinine in the detection
of AKI. Twenty-four hours after surgery, the area under the
curve for creatinine was 66% (95% confidence interval: 55% to
76%) and for cystatin C, it was 71% (95% confidence interval:
61% to 81%) [43]. Cystatin C also failed to perform better in
the estimation of the glomerular filtration rate compared with
creatinine in the general population [44].

The values of serum cystatin C as a discriminatory diagnostic
test for AKI four hours after the end of surgery exhibited
a sensitivity equal to 94% in our study. This sensitivity is
considered very good as a screening test, indicating a low
number of false negatives. The negative predictive value was
95% at four hours, with a cut-off value equal to 0.92 mg. L,
which was the highest clinical relevance value. This result
demonstrates that a single measurement of serum cystatin
C four hours after the surgery, i.e., the renal insult, may be
used as an important screening test when an early exclusion
of AKI is desired. On the other hand, according to the results
of this study, the low especificity of cystatin C may incorrectly
diagnose 50% of patients without AKI as having this disease.
Similarly, because of its low positive predictive value, a cystatin
C above 0,92 mg.L* does not necessarily mean that the patients
have AKI.

We selected a group of patients with no chronic renal
disease and values of baseline serum creatinine below 2
mg.dL. Patients with chronic renal failure may have elevated
levels of serum cystatin C [45], and any analyses of acute
changes in renal function with this marker would likely be
impaired. However, patients with chronic renal disease are at
increased risk of developing AKI. Therefore, the exclusion of
patients with this important risk factor for AKI was a limitation
of the study.

We conclude that serum cystatin C is an early marker of AKI
when measured four hours after surgery for correction of femur
fracture in elderly patients. The test exhibited good accuracy
(75%), but the main clinical information is that a single blood
sample collected four hours after surgery with a value of serum
cystatin C lower than 0.92 mg.L* is discriminatory for the
identification of patients with lower chances of presenting AKI.
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