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ABSTRACT

Background: acute kidney injury (AKI) is a syndrome characterized by a rapid (hours to
days) deterioration of kidney functions. It is often diagnosed in the context of other acute
illnesses and is particularly common in critically ill patients. The clinical consequences of
AKI include the accumulation of waste products, electrolytes, and fluid, but also less obvious
effects, including reduced immunity and dysfunction of non-renal organs (organ cross-talk).
Aim of the Work: was to assess the role of serum Cystatin C in early prediction of Acute
Kidney Injury in critically ill patients. Patients and Methods: This a prospective cohort
study included a total of 30 critically ill patients who suffered of Acute Kidney Injury and
30 subjects confined to the same age as control, attending at ICU, Al-Azhar University
Hospitals. Blood samples were taken for estimation of serum cystatin C and serum creatinine
at (2, 24, 48 and 72 hours). Results: showed that at day zero at 2 hours all patient showed
normal kidney functions, and no one has acute kidney injury after 24 hours about 10 patient
developed acute kidney injury according to KDIGO classification with a percentage of 33.3%.
after 48 hours all 30 patients developed acute kidney injury according to KDIGO
classification with a percentage of 100% and after 72 hours the patients state began to
improve and only 28 patients have acute kidney injury with a percentage of 93.3% and level
of serum creatinine started to decrease to all patients. This was due to treatment and
interference to the patients. Conclusion: Cystatin C level is a valuable biomarker in
prediction and early detection of acute kidney injury. Moreover, cystatin C level may be also
used for prognosis of cases of acute kidney injury. Further a large-scale study may be needed
to validate its predictive value.
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INTRODUCTION

level and urine output are the standard Acute kidney injury (AKI) is
indicators of decreased kidney function commonly encountered in various patient
despite their known limitations. They have populations, including critically ill patients,
limited sensitivity and specificity and those after cardiac surgery, and those
creatinine level change is delayed in receiving contrast agents. These patients
response to kidney impairment, thus usually have a worse clinical outcome than
limiting  their u(%efulness in the early their non-AKI counterparts @,
detection of AKI ™. Adverse outcomes include
Therefore, the need for an accurate prolonged hospitalization, need for renal
and timely biomarker to predict AKI replacement therapy, development of
development after renal insult is urgent. chronic kidney disease, and increased
Cystatin C (Cys C), a 13-kDa endogenous mortality rate 2.

cysteine proteinase inhibitor, is a member
of the family of proteins that has an
important role in intracellular catabolism
of various peptides and proteins .

The poor outcome is caused in
part by the lack of a timely and accurate
biomarker to predict the occurrence of
AKI. Currently, serum creatinine (SCr)
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= History of hypertension.

= History of diabetes mellitus.

= History of ischemic heart disease.

The laboratory parameters measured
were:

1. Serum creatinine.

2. Serum cystatin C.

3. Arterial blood gasses.

Blood samples were obtained at 2,
24, 48 and 72 hours after admission for
estimation of all parameters. Blood was
aspirated into two plastic tubes; the first
contained no additive for serum separation
for measuring creatinine and cystatin C
and the second tube contain heparin for
ABG measurement.

1. Creatinine was  estimated by
colorimetric  technique ©  using
commercial kits from Beckman

coulter company

2. Cystatin C was estimated by solid
phase enzyme linked immunosorbent
assay (ELISA) technique ©. Using
commercial kit from glory science
company

Statistical analysis

Results were statistically analyzed
by SPSS version 20(SPSS Inc., Chicago,
IL, USA). Two types of statistics were
done.

RESULTS

This table shows the the general
characteristics of the studied groups there
was 30 patients 15 of them was males with
percentage 50%of the studied patients and
another 15 females with percentage of
50% of the studied patients and 30 person
as control 12 of them was males with
percentage 40% of controls and another 18
females with percentage 60%of controls.
The mean age of patients was64.83+9.87
and the mean age of the controls was
61.03+6.99 this table showed that there
was no significant difference between the
studied group regarding age as p value was
0.091 and regarding sex also as p value
was 0.436.

6471

Cys C is considered to be a good
biomarker of decreased kidney function
because it is produced at a relatively
constant rate and released into plasma,
99% is filtered by glomeruli and there is
no significant protein binding. Numerous
studies have evaluated the use of Cys C
level as an endogenous marker of kidney
function in populations at risk of or with
chronic kidney disease, showing that Cys
C performs comparably or superior to the
diagnostic accuracy of SCr level in the
discrimination of normal from impaired
kidney function ©.

The aim of this study was to
assess the role of serum Cystatin C in early
prediction of Acute Kidney Injury in
critically ill patients.

PATIENTS AND METHODS

This prospective cohort study
included a total of 30 critically ill patients
who suffered of Acute Kidney Injury and
30 subjects confined to the same age as
control, attending at ICU, Al-Azhar
University Hospitals. Approval of the
ethical committee and a written informed
consent from all the subjects were
obtained. This study was conducted
between September 2017 to June 2018.

Blood samples were taken for estimation
of serum cystatin C and serum creatinine
at (2, 24, 48 and 72 hours).

Inclusion criteria: Newly
admitted patients (aged above 18 years) to
the medical and surgical (ICU)

Exclusion criteria: history of
preexisting renal insufficiency or known to
be chronic renal failure on regular dialysis.
Use of nephrotoxic drugs before or during
the study period had obvious anuria,
hematuria, rhabdomyolysis or
myoglobinuria, Peripheral vascular
disease, and Cancerous patients. Patients
with ICU length of stay < 3 days.

All of the studied participants
were subjected to the following: Full
history taking and detailed systemic
review with special consideration to the
following:
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Table (1): General Characteristics of the studied groups:

Studied Groups
Characteristics Patients Controls Test P value
(No.=30) (No.=30)
Age (years) Mean +SD 64.83+9.87 61.03+£6.99 t=1.72 0.091
Sex
Male 15 50.0 12 40.0 o
Female 15 | s00 | 18 | e0o | x7060 0.436
* Significant

This table shows that there was no significant difference between the studied groups
regarding age and sex (P>0.05).

This table shows the clinical characteristics of the studied patient at admission.
Regarding heart rate (HR) the range was between 66-101 while the mean was 88.83+12.87.
Regarding the arterial blood pressure first systolic blood pressure(SBP) the range was
between 75 -160 mmhg while the mean SBP was 114.33+37.66 mmhg secondly the diastolic
blood pressure (DBP) the range was between 20-110mmhg while the mean was 67.66+43.76
mmhg. Regarding the temperature the range was between 37-39with mean temperature
37.93+0.90. The studied patients 24 patients of them was diabetic with percentage of 80%
while there was 23 patients known to be hypertensive with percentage 76.7% and there was
18 patients known to be ischaemic heart patiens with percentage of 60%.

Table (2): Clinical characteristics of the studied patients:

Patients
(N0.=30)
Mean +SD Range
HR (beat/min) 88.83+12.87 66-101
BP
e SBP (mmhg) 114.33+37.66 75-160
e DBP (mmhg) 67.66+43.76 20-110
T 37.93+0.90 37-39
emperature o %
DM 24 80.0
Hypertension 23 76.7
IHD 18 60.0

This table shows acute kidney injury among the studied patients at every sample at 2
hours there was no patient had acute Kidney injury ,at 24 hours there was 10 patients had
acute kidney injury with percentage of 33.3% of the studied patients, at48 hours all the
patients had acute kidney injury with percentage of 100% and finally at 72 hours there was 28
patients had acute kidney injury with percentage 93.3%.

Table (3): Acute kidney injury among the studied patients:

Patients
(N0.=30)
No %
AKI
At 2 hours 0 0.0
At 24 hours 10 33.3
At 48 hours 30 100.0
At 72 hours 28 93.3
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This table shows the serum creatinine of the studied groups the serum creatinine at 2
hours was 0.91+0.17 mg/dl, at 24 hours was 1.37+0.20 mg/dl ,at 48 hours was 1.91+0.21
mg/dl and at 72 hours was 1.71+0.18 mg/dl the table shows there was significant difference
between the studied groups regarding creatinine (p<.001).

Table (4): Creatinine (mg/dl) of the studied groups:

Creatinine

At 2 hours At 24 hours At 48 hours At 72 hours
Patients 0.91+0.17 1.37+0.20 1.91+0.21 1.70+0.18
Controls 0.72+0.09 - - -
Independent t test 5.20 - - -
P value <0.001*
Paired t test 11.93 23.92 18.93
P value <0.001* <0.001* <0.001*

This table shows that there was significant difference between the studied groups
regarding creatinine (P<0.001*).

This table shows the serum cystatin ¢ of the studied groups at 2 hours the cystatin ¢
was 1.44+0.24 mg/L, at 24 hours the cystatin ¢ was 1.57+0.25 mg/L, at 48 hours the cystatin ¢
was 1.53+_0.22 mg/L and at 72 hours the cystatin ¢ was 1.42+0.20mg/L this table shows
there was significant difference between the studied groups regarding cystatin ¢ (p<.001) and
also shows that there was significant difference among patients at different time
sequences(p<.001).

Table (5): Cystatin C (mg/L) of the studied groups:

Cystatin

At 2 hours At 24 hours At 48 hours At 72 hours
Patients 1.44+0.24 1.57+0.25 1.53+0.22 1.42+0.20
Controls 0.91+0.05 - - -
Independent t test 11.72
P value <0.001* ) ) )
Paired t test 6.57 2.60 0.53
P value <0.001* 0.014* 0.596

This table shows that there was significant difference between the studied groups
regarding cystatin C (P<0.001*). This table shows that there was significant difference among
patients at different time sequence (P<0.001).

This table shows PH of the studied patients from arterial blood gases at 2 hours PH
was7.36+0.05, at 24 hours PH was7.37+£0.05 , at 48 hours 7.34+£0.04 and at 72 hours PH
was7.37+£0.03 this table shows that there was no significant difference regarding PH at
different time sequences (p>0.05).

Table (6): PH of the studied patients:

PH At 2 hours At 24 hours At 48 hours At 72 hours
7.36+0.05 7.37+0.05 7.34+0.04 7.37+0.03
Paired t test 0.52 1.58 0.51
P value 0.603 0.123 0.610

This table shows that there was no significant difference regarding PHat different
time sequence (P>0.05).

This table shows th PCO2 of the studied patients from arterial blood gases at 2 hours
PCO2 was40.36+£11.94 , at 24 hours the PCO2 was37.93+8.22 , at 48 hours the PCO2 was
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37.43+6.05 and at 72 hours the PCO2 was 39.46+6.62 this table shows that there was no
significant difference regarding PCO2 at different time sequence (p>0.05).

Table (7): PCO2 of the studied patients:

PCO2 At 2 hours At 24 hours At 48 hours At 72 hours
40.36+11.94 37.9348.22 37.43+6.05 39.46+6.62
Paired t test 151 1.66 0.53
P value 0.140 0.107 0.597

This table shows that there was no significant difference regarding PCO2at different
time sequence (P>0.05).

This table shows the HCO3 of the studied patients from athe arterial blood gases the

HCO3 at 2 hours was 22.83+6.37 , at 24 hours HCO3 was 21.61+ 4.64,at 48 hours the HCO3
was 20.83% 4.29 and at 72 hours the HCO3 was 22.74+4.51 the table shows that there was no
significant difference regarding HCO3 at different time sequences (p>0.05).

Table (8): HCOS of the studied patients:

HCO3 At 2 hours At 24 hours At 48 hours At 72 hours
22.83+6.37 21.61+4.64 20.83+4.29 22.74+4.51
Paired t test 1.46 1.60 0.08
P value 0.155 0.120 0.929

This table shows that there was no significant difference regarding PCO2at different
time sequence (P>0.05).

This table shows the correlation between cystatin ¢ and creatinine and arterial blood
gases among the studied patients the table shows that there wan no significant correlation
between cystatin ¢ and creatinine among the studied patients (p>0.05) in another words
elevation cystatin ¢ was not accompanied by elevation of creatinine the elevation of cystatin
¢ happened while creatinine was normal , this table also shows thee was no
correlationbetween cystatin and ABGS (p>0.05).

Table (9): Correlation between Cystatinc and Creatinine and arterial Blood gases among the
studied patients:

Cystatin C (mg/dl)
At 2 hours At 24 hours At 48 hours At 72 hours
r P value r P value R P value r P value
Creatinine(mg/dl) 0.16 0.390 |[-0.04 | 0.824 0.08 0.654 |[-0.11| 0.536
PH -0.026 | 0.893 |[-0.11| 0546 |-0.21| 0.262 |-0.01| 0.931
PCO2 -0.165 | 0.383 |-0.23 | 0.203 0.36 0.046 0.15 0.415
HCO3 -0.292 | 0.117 |-0.26 | 0.161 0.24 0.197 0.23 0.222

This table shows that that there was no significant correlation between cystatin C and
creatinine and ABGs (P>0.05).

This table shows the validity of cystatin ¢ and creatinine this table shows that
sensitivity, specificity and accuracy of cystatin ¢ was 100% while shows that creatinine
sensitivity was 77%, specificity of creatinine was 73% and accuracy of creatinine was 75%
which means that cystatin ¢ is more sensitive and specific than creatinine in early detection of
acute kidney injury.
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Table (10): Validity of creatinine and cystatinc;

AUC| Cutoff point | Sensitivity % | Specificity % Acc;;acy PPV% |NPV%
Creatinine(mg/dl) ]0.812 0.78 0.77 0.73 75.0 740 | 76.0
Cystatin C(mg/L) | 1.0 1.04 100.0 100.0 100.0 | 100.0 | 100.0

Cystatin C is more sensitive and specific than creatinine in early detection of acute

kidney injury.
DISCUSSION

function (specially gender, muscle mass,
age) than creatinine ®°.

In the current study we sought to
evaluate the role of cystatin C in
predicting and early detecting of acute
kidney injury in critical ill patients in
intensive  care unit  (ICU). We
hypothesized that serum cystatin C would
mark AKI more accurately than serum
creatinine in heterogeneous sample of
patients presented to ICU. In order to
investigate the accuracy of serum cystatin
C in early detection of AKI, we conducted
a prospective cohort study at Al-Azhar
university hospitals from September 2017
to June 2018, 30 patients admitted to ICU
were included in this study with 30
subjects confined to the same age as
control. Blood samples were taken for
estimation of serum cystatin C and serum
creatinine at (2, 24, 48 and 72 hours). The
present study showed that at day zero at 2
hours all patient showed normal kidney
functions and no one has acute kidney
injury after 24 hours about 10 patient
developed acute kidney injury according
to KDIGO classification with a percentage
of 33.3% after 48 hours all 30 patients
developed acute kidney injury according
to KDIGO classification with a percentage
of 100% and after 72 hours the patients
state began to improve and only 28
patients have acute kidney injury with a
percentage of 93.3% and level of serum
creatinine started to decrease to all patients
this was due to our treatment and
interference to the patients.

The present study showed that
serum cystatin C was highly significant in
early prediction of acute kidney injury at
early phase as it showed significant
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Acute kidney injury (AKI) is a
common problem in critically ill patients
and is independently associated with
increased morbidity and mortality . In a
large heterogeneous cohort study of
critically ill patients, the incidence of AKI
was about 36% among intensive care unit
(ICU) patients. The diagnosis of AKI is
currently delayed and inaccurate, which
largely contributes to the poor clinical
outcomes of AKI and results in great
challenges in preventing and treating this
kidney disease worldwide ©. Serum or
plasma creatinine is the most common
marker of glomerular filtration rate (GFR).

Despite  its ~common  use,
creatinine has limitation as a marker for
renal function due to the inter-individual
variation in muscle mass, delayed rise
after renal insult, and tubular secretion of
creatinine ®. The rise in serum creatinine
is known to occur relatively late in the
course of AKI and hence cannot be used to
initiate potentially effective therapies in
preventing or treating AKI during phases
when the injury may be potentially
reversible. The lack of early biomarkers
for acute kidney injury has prevented
timely interventions to mitigate the effects
of acute kidney injury ©. Recently,
another biomarker for functional injury of
the kidney (cystatin C) has been shown to
be used in early detection of renal function
impairment. It has some advantages over
the creatinine. It is produced by all
nucleated cells and freely filtered by the
glomerular membrane, entirely catabolized
by proximal tubule, without secretion, and
serum concentration of cystatin C is
determined by GFR. Cystatin C is less
dependent on factors other than renal
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decreased at the fourth sample taken after
72 h to reach only 28 patients rather than
30 patients at the third sample taken after
48 h which means also that serum cystatin
C level can also predict improvement,
recovery and prognosis of the cases with
acute kidney injury which is also in
agreement with Gharaibeh et al. *¥ who
declared that the serum cystatin C has an
important role in prediction of acute
kidney injury and another role in recovery
from acute kidney injury as it declared that
cystatin C rises one to two days before rise
of creatinine and also it decreases by at
least on day before decline of creatinine
which explained by during early phase of
acute kidney injury glomerular filtration
rate is significantly affected but has not
enough time for creatinine to accumulate
and rise and so serum creatinine level can
not express accurately kidney injury and

the estimated glomerular filtration
rate(eGFR) over estimate the real
glomerular filtration rate this is also

happens during early phase of recovery
when serum creatinine is still high and
don't reflect glomerular filtration rate
(GFR) accurately and in this case the
estimated glomerular filtration rate (eGFR)
underestimate the real glomerular filtration
rate (GFR) *2.

The results also showed that either
age or gender was not statistically
significant in either acute kidney injury or
serum cystatin C level which is in the
same line with Kankare et al. *® who
reported that serum cystatin C is a better
marker of renal function in early stages of
AKI and is less affected by age, gender,
muscle mass, and ethnicity. Use of serum
cystatin C-based GFR may be more
accurate and useful for early therapeutic
intervention and possibly a favorable
outcome. From the study and results we
can conclude that serum cystatin C seems
to be a good early biomarker for early
prediction and detection of acute kidney
injury which is in agreement with Hu et
al. ™ who showed that the sCys C can
serve as an early predictor for the
development of AKI in critical care unit
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elevation from the 1% sample at 2 hours
with  mean  value  1.44+0.24mg\dl
compared 0.91+0.05mg\dl for control
group. A cut off value for cystatin C of
1.04mg\dl was predictive for development
of acute kidney injury with sensitivity
100% and specificity 100%. Regarding
serum creatinine the study showed that
there was significant between the studied
groups but serum creatinine started to
elevate from the 2" sample at 24 hours
with mean value of 1.37+0.20 mg\dl and
reached its peak at the 3™ sample with
mean value of 1.91+0.21mg\dl with
sensitivity 77% and specificity 73%.

According to results showed that
there was no significant correlation
between serum cystatin C and creatinine in
another words elevation of serum cystatin
C occurred while level of serum creatinine
was still within normal values that is in the
same line with Herget-Rosenthal et al. @
who found that use of serum cystatin C is
more beneficial than serum creatinine in
prediction of acute kidney injury and it
declared that serum cystatin C predict
acute kidney injury one to two days earlier
than serum creatinine and his explanation
of this was that serum cystatin C reflects
changes in glomerular filtration rate(GFR)
more rapidly than serum creatinine reflex
it which is due to alterations of glomerular
pore size which affect glomerular
filteration of creatinine and cystatin C and
make difference between them during
acute renal affection.

According to study results, serum
cystatin predicted the prognosis and
improvement of acute kidney injury before
creatinine as at the third sample taken after
48h, the mean value of serum cystatin C
decreased to reachl.53+0.22mg\dl rather
than1.57+£0.25mg\dl at the second sample
taken after 24h to reach1.42+0.20mg\dl in
the fourth sample taken after 72 h while
the level of creatinine started to decrease
in the fourth sample taken after 72h to
reach mean value of1.70+0.18mg\dl rather
than the third sample taken after 48h mean
value which was1.91+£0.21mg\dl and the
number of patients had acute kidney injury
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before serum creatinine levels started
rising, Serum cystatin C has a higher
sensitivity in identifying early kidney
dysfunction, which is missed by relying on
serum creatinine alone which explained by
GFR in critical ill patients changes rapidly
and this changes takes up to several days
to appear on serum creatinine as creatinine
have blind area in which creatinine c
which occurs in mild to moderate decrease
in GFR which ranges between 40 to
70mI\min\1.73m2 so early reduction of
GFR cannot be assessed by creatinine
while cystatine ¢ has no blind area so can
assess early changes of GFR so creatinine
will give false negative results of GFR
while cystatin C will give true positive
results regarding GFR @V,

Some studies showed that the
combined use of serum cystatin C and
serum creatinine both are essential for
diagnosis of occurrence of acute kidney
injury like ®® which demonstrated that use
of both serum cystatin C and serum
creatinine was more beneficial than use
one of them only for detection of acute
kidney injury but it also declared that
serum cystatin C has more predictive
power than serum creatinine. On the other
hand the study results was in disagreement
with some studies like Bongiovanni et al.
@) which declared that Compared with the
traditional markers of serum creatinine and
glomerular filtration rate (GFR), cystatin C
did not show any advantage for the
prediction of acute kidney injury and in
addition the combined use of serum
cystatin  C, serum creatinine and
glomerular filtration rate(GFR) had shown
the best results for prediction of acute
kidney injury the disagreement may be due
to the rely on RIFLE classification which
depends more on glomerular filtration rate
which may be affected rapidly but serum
creatinine used in estimation of glomerular
filtration rate (GFR) is in accurate in its
estimation and may under estimate it due
to tubular secretion and reabsorption of
creatinine and published glomerular
filtration rate (GFR) formulas can be used
when kidney functions are stable but they
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patients, as well as their short-term
prognosis. If confirmed further, serum
cystatin C may provide a unique
opportunity to impact dramatically the
management of AKI by delivering
diagnostic, severity, and prognostic
information at an early time-point
following a renal insult which is explained
by him as cystatin C production is stable
process cannot be affected by renal
conditions. protein catabolism and diet and
it doesn’t change according to age or body
mass unlike creatinine which is affected by
body mass and diet, also biochemical
characteristics of cystatin C allow its
freely filtration through renal glomeruli
and metabolized and reabsorbed by
proximal tubules while creatinine is
secreted by renal tubules which
contributes of 20% of total creatinine
excretion by the kidney and this
percentage may be increased if kidney
affected so due to all these factors
creatinine may not be useful as a good
parameter for accurate determination of
GFR while cystatin C has been suggested
to be an ideal biomarker for GFR ™. And
this study is in the same line with Zhang
et al. ®® which indicated that serum
cystatinc has a good biomarker value in
prediction of AKI than serum creatinine
and also indicates that urinary cystatin C
has a moderate diagnostic value due to
affection of its urinary excretion. Also the
study is compatible with Zand et al. "
which  demonstrated thatearly serum
cystatin C level (within 24 hours after ICU
admission) has prognostic value in
predicting AKI during the first week of
ICU admission and estimation of mortality
during ICU admission. This study also
agreed with Nejat et al. ® who declared
that cystatin C is an effective and early
biomarker than creatinine in detection of
AKI. This study agree also with Yong et
al. ™ who said that cystatin C will be an
excellent marker not only for chronic
kidney disease (CKD) diagnosis but also
for AKI prediction.also the study agreed
with Murty et al. ®® who demonstrated
that serum cystatin C was elevated much



Role of Serum Cystatin—C in Prediction of Acute Kidney Injury in Critical ILL Patients

Moreover, cystatin C level may be also
used for prediction for prognosis of cases
of acute Kidney injury. Further a large-
scale study may be needed to validate its
predictive value.
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