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Abstract 

Introduction: Acute kidney injury is associated with high mortality in critically ill patients. We usually 

measure serum creatinine to detect AKI, but it is a poor predictor of accuracy particularly in the early 

stages of AKI
(1)

. We studied the utility of urinary cystatin C and its significance in AKI. 

Materials and Methods: This prospective observational study was done in 83 critically ill patients 

admitted in ICU. Serum creatinine was done on day 1 and day 3 which was compared with Urinary 

Cystatin C done on day 1.  

Results:  Out of the 83 patients, 36 (43.3%;) developed AKI. Serum creatinine on day 1 and day 3 were 

compared with urinary cystatin C  done on day 1. We observed that in the AKI group there was significant 

elevation of urinary cystatin C (15% (p=0.001)). On contrary in the non AKI group there was a marginal 

level of increase in urinary cystatin C. As the urinary cystatin C is the early excretory product it can be 

used as an early biomarker of AKI. 

Conclusions: We found that the urinary cystatin C levels were significantly elevated in AKI groups when 

compared with the creatinine levels. Hence we suggest that urinary cystatin C is a significant early 

biomarker for AKI. Moreover, further studies are warranted with large number of sample size with 

multicentric population to confirm these results 
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Introduction 

Acute kidney injury (AKI) is a sudden incident of 

kidney failure or kidney damage that happens 

within a few hours or a few days. Acute kidney 

injury is common in patients who are in the 

hospital, in intensive care units, and in older 

adults. AKI is significantly associated with 

increased morbidity; mortality rate depends on the 

length of hospital stay and cost effective of 

treatment
(2)

. Current diagnosis method to detect 

the AKI in humans is rise in serum creatinine 

(SCr) concentration. However, the serum 

creatinine is an unreliable indicator since the 

several factors are regulating the levels of serum 

creatinine and urine
(3)

. 
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The incidence of AKI varies across the world 

depending on the definitions they used and the 

populations studied. Very few studies have 

systematically explored the epidemiology of AKI 

in the critically ill population or have used 

validated criteria, such as RIFLE or AKIN and   

found that the incidence of AKI of about 10–40% 

in India. 

There are multiple risk factors like patient 

specific, treatment specific, and other risk factors 

in ICU which act together to cause AKI in ICU. 

Prerenal azotaemia is defined as a functional 

decline in glomerular filtration associated with 

renal under perfusion and is a leading cause of 

AKI in the general and geriatric populations
(4)

. 

Although classically associated with hypovolemia 

and resulting from failure of normal adaptive 

responses to maintain GFR, prerenal AKI also 

commonly develops in the setting of effective 

intravascular volume depletion associated with 

congestive heart failure (cardiorenal syndrome) 

and liver disease. 

A detailed history and physical examination is 

critical in differentiating the aetiologies of AKI. 

Initial diagnostic studies should include a 

urinalysis including urine sediment examination, 

urine chemistries (urine sodium and creatinine) 

and renal ultrasound. If the aetiology of AKI 

remains unclear following a careful history, 

physical examination, and laboratory work-up, or 

if the work-up suggests the presence of acute 

glomerular disease, consideration of a kidney 

biopsy is warranted. 

Serum creatinine (SCr) is apoor predictive 

accuracy for renal injury, particularlyin the early 

stages of AKI (1). There are several biomarkers 

which are useful in diagnosis of AKI .Newer 

biomarkers for detecting AKI in various clinical 

situations  areurinary cystatin C , IL 18,KIM1 and 

NGAL. 

NGAL (Nuetrophilic Gelatinase Associated 

Lipocalin) was considered a useful predictor in the 

early phase of AKI which has prognostic value in 

clinical outcomes: such as the need for dialysis 

and mortality. Unfortunately, the large extrarenal 

production in response to systemic stress can 

increase its urinary excretion in the absence of 

AKI, and may increase in CKD -and not only in 

the acute stage, which can confuse its 

interpretation
(5)

. 

KIM-1 Human - Kidney Injury Molecule-1 

It is expressed at low levels in normal kidneys. 

However in acute renal injury it is dramatically 

upregulated in regenerating proximal tubules. It 

increases after 24-48h in the proximal tubule of 

the post-ischemia.   KIM 1 facilitates the early 

diagnosis  of AKI but it is also produced in other 

conditions like chronic proteinuria, inflammatory 

and fibrotic disease states in humans. 

Inter Luekin (IL) 8 

IL 8 seems to be a candidate biomarker in 

defining AKI, but its pro-inflammatory properties 

and its high levels in inflammatory diseases may 

limit its use vis-à-vis its sensitivity and specificity 
(5,6)

. 

Cystatin C  

Cystatin C is a cysteine protease inhibitor, 

synthesized by all nucleated cells in the body. It is 

freely filtered by the glomerulus, fully reabsorbed 

and not secreted. The urinary excretion of low 

molecular weight cystatin C protein, which is an 

endogenous marker of renal dysfunction correlates 

with the severity of acute tubular injury. As blood 

levels of cystatin C are not significantly affected 

by age, gender, race, or muscle mass in general, it 

is a marker for estimating the glomerular function 

in cachectic patients or early AKI, in which serum 

creatinine could underestimate the true renal 

function. The costs for analysis are still considered 

high, which limits its use in clinical practice, and 

factors such as thyroid dysfunction, obesity, use of 

corticosteroids and inflammation can interfere in 

its serum levels
(5,7)

. 

 

Aim  

The aim of this prospective cohort study was to 

evaluate the urinary cystatin C (UCysC) as early 

biomarkers of AKI in an unselected, heterog-

eneous group of patients admitted critically ill to 

the emergency department in a large tertiary care 



 

Suja Lakshmanan et al JMSCR Volume 06 Issue 05 May 2018 Page 993 
 

JMSCR Vol||06||Issue||05||Page 991-997||May 2018 

hospital. The objectives of current study  was to 

assess the urinary cystatin C  and its significance 

in Acute Kidney Injury. Also Serum creatinine 

levels were measured at different times and its 

significant correlation in Acute Kidney Injury was 

analysed. 

Finally urinary cystatin C was compared with 

serum creatinine to find out which is the early 

biomarker for AKI. 

 

Materials and Methods 

This study is a prospective observational study in 

which eighty three critically ill people admitted in 

the ICU during January 2017 to October 2017. 

The important laboratory parameters   such as 

serum creatinine (day 1), serum creatinine (day 2), 

Urinary Cystatin C (day 1), serum electrolytes and 

haemoglobin levels were measured. Furthermore, 

the age, gender and glomerular filtration rate were 

calculated using the standard MDRD formula. All 

the critically ill patients were classified into two 

groups: with development of AKI and without 

development of AKI based on serum creatinine 

and urinary  cystatin C levels. Finally statistical 

analysis were performed between the groups to 

find the potential diagnostic marker for AKI. 

All patients admitted in medicine ICU during 

January 2017 to October 2017  were included  in 

this study. patients who were less than 18 years or 

more than 80 years, without any indwelling 

catheter; had obvious haematuria, rhabdomylosis 

and polycythemia, receiving cytotoxic 

chemotherapy or renal replacement therapy or 

assessed to need RRT in 48 hours, expected to 

leave ICU within 72 hours or not expected to 

survive 72 hours and patient who presented with 

established AKI  were excluded in the study. The 

study was approved by the institutional review 

board (IEC No: CSP-MED/16/JAN/27/27). 

The blood samples were processed immediately to 

measure the all clinical parameters and the urine 

samples were stored in for while and once all the 

target urinary samples collected, these were 

processed by ELISA method to find the cystatin C 

levels. The quantitative determination of 

creatinine in serum, plasma and urine was 

measured using the CREA method which employs 

a modification of Jaffe kinetic reaction. The 

advantage of this method is to eliminate 

interference from non creatinine Jaffe positive 

compounds. Human cystatin C is measured by 

ELISA method. Results are reported as total 

concentration of Cystatin C (ng/ml) in urine 

samples. 

The Human urinary cystatin C values that 

provided 95% sensitivity, 95% specificity, and 

optimal sensitivity and specificity using the ROC 

curve at the best time-point. All statistical tests 

were two-tailed and P<0.05 was considered 

significant. The analyses were performed using 

the SPSS software, version 16.0. 

 

Results 

A total of 83 patients, 57 (68.6%) males and 26 

(31.3%) females, were included in the study. 36 

(43.3%;) patients developed AKI and 47( 56.7 %) 

did not develop AKI. The demographic, clinical, 

and laboratory data between the AKI and Non-

AKI groups are shown in Table 1. Among the 

studied characteristics the creatinine level day 1 

and creatinine level day 3 were compared with 

urinary cystatin C. There wassignificant 

differences between the AKI and non AKI group. 

The results of creatinine levels of day 1 and day 3 

were correlated with urinary cystatin C. The 

comparison is given in the table2. 

In patients who developed AKI on day 3 detected 

by raise in serum  creatinine was found to be 

significant as reflected by p value .Urinary 

cystatin C level was measured in AKI group 

increased by 15%  from the reference level 

(p=0.001).  Other studied characteristics such as 

the total count (TC) (p=0.198), sodium (p=0.30), 

potassium (p=0.267), chloride (p=0.237), 

bicarbonate (p=0.083) and haemoglobin (HB) 

(p=0.519) were also measured. 

Among the patients (n = 36) enrolled in our study, 

most common cause of AKI was sepsis (30.5%) 

followed by ALD (11.1%) followed by  acute 

pancreatitis (8.3%). Among the sepsis urinary 
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tract infections was the most common source 

followed by respiratory infection. The observa-

tions regarding the etiology is summarised in 

figure 1. 

Among the non AKI group we compared 

creatinine level day 1 with urinary cystatin C done 

on day 1 and found that there is a marginal level 

of increase in urinary cystatin C. Similarly we 

compared creatinine level on day 3 with urinary 

cystatin C done on day 1 in the AKI group and 

found that there was significant elevation of  

urinary cystatin C.  These results suggest that the 

urinary cystatin C estimated on day 1 was the 

early excretory product, hence we can use urinary 

cystatin C level in critically ill patients as a early 

biomarker of AKI. (figure2) 

 

Table 1: Demographic characteristics, clinical, and laboratory data of the critically-ill patients between the 

AKI and Non-AKI groups 

CHARACTERISTICS NON AKI 

(N=47) 

Mean ±SD 

AKI 

(N=36) 

Mean ±SD 

P value 

Haemoglobin(g/dl) 11±2.5 10.7±1.2 0.519 

Total Count 13572.1±5195.7 14980±4672.8 0.198 

Sodium(mmol/l) 135.5±4.13 134.3±5.9 0.3 

Potassium(mmol/l) 4.1±0.89 3.9±0.58 0.267 

Chloride(mg/dl) 103.2±4.1 105.1±8.69 0.237 

Bicarbonate(mmol/l) 23.6±3.7 32± 2.3 0.083 

Creatinine day 1(mg/dl) 0.8±0.2 1±0.17 0.001 

Creatinine day 3(mg/dl) 0.7±0.31 1.73±0.36 0.001 

Urinary cystatin C 61.0±20.6 150.0±42.0 0.001 

 

Table 2: Comparison between groups with creatinine levels and urinary cystatin C 

Group Creatinine level 

(Day 1) 

Creatinine level 

(Day 3) 

Urinary Cystatin C 

(day 1) 

Percentage of urinary cyststin 

Ccompare with reference level 

Non-AKI 

 

0.8 ± 0.2 

 

0.7 ± 0.31  

 

61.0 ± 20.6 

 

 6% increase  of Cystatin C 

AKI 

 

1.0 ± 0.17 

 

1.73 ± 0.36 150.4 ± 42.0 

 

15%  increase of Cystatin C 

 

Figure 1: Etiology of AKI 
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Figure 2: Comparison between groups with creatinine levels and urinary cystatin C 

 
 

 
 

Discussion 

Monitoring the renal function is very important 

for patients admitted in Intensive care unit. 

However the accurate diagnosis of AKI is 

especially problematic in critically-ill patients in 

whom renal function is in an unsteady state
(8)

. 

Potentially effective therapeutic interventions for 

AKI may currently fail because they are applied 

late in the course of injury
(9)

. The ideal 

endogenous marker has not yet been identified 
(10)

. 

In our study, we observed that the significant 

elevated levels of urinary cystatin C when 

compared to creatinine levels day 1 and creatinine 

levels day 3. This indicates urinary cystatin C may 

be early predictive marker for AKI of critically ill 

patients. Furthermore, our study revealed that the 

sepsis was the primary cause of AKI. 

A cohort study by Ron Wald et al., in 2010 

included 150 critically ill patients in different 

health care centres,  found that the postoperative 

AKI occurred in 47 (31.3%) patients and was 

diagnosed a median of 1 day  from surgery. AKI 

was diagnosed in 29 patients on the first 

postoperative day, 11 patients on the second 

postoperative day and in 7 patients on the third 

postoperative day. Three patients’ required renal 

replacement therapy and 6 died in the hospital. 

Furthermore, they revealed that the serial 

measures of plasma CysC are highly correlated 

with the development of AKI
(11)

. Similarly, the 

other authors also found that serum Cys-C is a 

better marker of GFR than creatinine
(12)

, even in 

cases of sub-clinical renal dysfunction
(13)

. An 

Indian study conducted by Murty et al.,
(14)

 in 2013 
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that included 200 healthy subjects and 130 

patients of AKI. This study found that the 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. Furthermore, 

the use of serum cystatin C-based GFR may be 

more accurate and useful for early therapeutic 

intervention and possibly for afavourable outcome 
(14)

. 

Unfortunately, in our study, we have not measured 

the serum cystatin C level to compare with the 

respective day of creatinine. However present 

study found that there is elevation in the levels of 

urinary Cystatin C among AKI patients. This 

observation indicates that the human urinary 

cystatin C was the early biomarker of AKI in 

critically ill patients. This is well supported by the 

studies of Park et al  and Nejatet al (15,16). 

 

Limitations 

This study has important limitations. First, is the 

small size of the study group. Second, this was a 

short term study of AKI in critically-ill patients. 

We did not follow-up patients to determine the 

decline or increase or normalization of cystatin C 

in comparison with creatinine regarding 

improvement of AKI or deterioration. 

Furthermore, we have not analysed the serum 

cystatin C to compare with the urinary cystatin C. 

This will be an important future study. 

 

Summary and Conclusions 

The present study has investigated the association 

of urinary cystatin C concentration with Non-AKI 

and AKI groups. We found that the urinary 

cystatin C levels were significantly elevated in 

AKI groups  when compared with  the creatinine 

levels (day 1 and day3). Furthermore, present 

study found that the sepsis was the most common 

cause of AKI in our populations. 

This study yielded that the urinary cystatin C as 

significant early biomarker for AKI. Moreover, 

further studies are warranted with large number of 

sample size with multicentric population to 

confirm these results. 

Source of Support: Nil 

 

References 

1. Waikar SS, Betensky RA, Bonventre JV. 

Creatinine asthe gold standard for kidney 

injury biomarker studies? Nephrology, 

dialysis, transplantation: official 

publication of the European Dialysis and 

Transplant Association - European Renal 

Association. 2009 Nov;24(11):3263-5. 

PubMed PMID: 19736243. 

2. Chertow GM, Burdick E, Honour M, 

BonventreJV,Bates DW. Acute kidney 

injury, mortality, length of stay, and costs 

in hospitalized patients. Journal of 

theAmerican Society of Nephrology: 

JASN. 2005 Nov;16(11):3365-70. PubMed 

PMID: 16177006. 

3. Bellomo R, Kellum JA, Ronco C. Defining 

acute renal failure:  physiological 

principles. Intensive care medicine. 2004 

Jan;30(1):33-7. PubMed PMID:14618231. 

4. de Mendonca A, Vincent JL, Suter PM, 

Moreno R, Dearden NM, Antonelli  M, et 

al. Acute renal failure in the ICU: risk 

factors and outcome evaluated by the 

SOFA score. Intensive care medicine. 

2000 Jul;26(7):915-21. PubMed PMID: 

10990106. 

5. Urbschat A, Obermuller N, Haferkamp A. 

Biomarker of kidney injury.   Biomarkers : 

biochemical indicators of exposure, 

response, and susceptibility to chemicals. 

2011 Jul;16 Suppl 1:S22-30. PubMed 

PMID: 21707441. 

6. Sirota JC, Klawitter J, Edelstein CL. 

Biomarkers of acute kidney injury. Journal 

of toxicology. 2011;2011:328120. PubMed 

PMID: 22131986. Pubmed Central 

PMCID: 3205656. 

7. Herget-Rosenthal S, Marggraf G, Husing 

J, Goring F, Pietruck F, Janssen O, et al. 

Early detection of acute renal failure by 

serum cystatin C. Kidney international. 



 

Suja Lakshmanan et al JMSCR Volume 06 Issue 05 May 2018 Page 997 
 

JMSCR Vol||06||Issue||05||Page 991-997||May 2018 

2004 Sep;66(3):1115-22. PubMed PMID: 

15327406. 

8. Goldstein SL. Kidney function assessment 

in the critically ill child: is it time to leave 

creatinine behind? Critical care. 2007;11 

(3):141. PubMed PMID:17581273. 

Pubmed Central PMCID: 2206426 

9.  Jo SK, Rosner MH, Okusa MD. 

Pharmacologic treatment of acute kidney 

injury: why drugs haven't worked and 

what is on the horizon. Clinical journal of 

the American Society of Nephrology: 

CJASN. 2007 Mar; 2(2):356-65. PubMed 

PMID: 17699435. 

10. Stevens LA, Levey AS. Measurement of 

kidney function. The Medical clinics of 

North America. 2005 May;89(3):457-73. 

PubMed PMID: 15755462. 

11. Wald R, Liangos O, Perianayagam MC, 

Kolyada A, Herget-Rosenthal S, Mazer 

CD, et al. Plasma cystatin C and acute 

kidney injury after cardiopulmonary 

bypass. Clinical journal of the American 

Society of Nephrology : CJASN. 2010 

Aug;5(8):1373-9. PubMed PMID: 2052-

2534. Pubmed Central PMCID: 2924412. 

12. Bokenkamp A, Domanetzki M, Zinck R, 

Schumann G, Byrd D, Brodehl    J. 

Cystatin C--a new marker of glomerular 

filtration rate in children independent of 

age and height. Pediatrics. 1998 May;101 

(5):875-81.PubMed PMID: 9565418. 

13. Pavicevic S, Peco-Antic A. Cystatin C: 

our experience. Pediatric nephrology. 

2005 Jun;20(6):842-43. PubMed PMID: 

15782298 

14. Murty MS, Sharma UK, Pandey VB, 

Kankare SB.Serum cystatin C as marker 

of renal function in detection of early 

acute kidney injury. Indianjournal of 

nephrology. 2013 May;23(3):180-3. 

PubMed PMID: 23814415. Pubmed 

Central PMCID: 3692142 

15. Park MY, Choi SJ, Kim JK, Hwang 

SD, Lee YW, 2013 Apr; Urinary cystatin 

C levels as a diagnostic and prognostic 

biomarker in patients with acute kidney 

injury. Nephrology (Carlton).18(4):256-

62. doi: 10.1111/nep.12037. 

16. Nejat M, Pickering JW, Walker RJ, 

Westhuyzen J, Shaw GM, Frampton 

CM, Endre ZH..2010. Urinary cystatin C 

is diagnostic of acute kidney injury and 

sepsis, and predicts mortality in the 

intensive care unit. Crit Care. 14(3):R85. 

doi: 10.1186/cc9014. Epub 2010 May 12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=23414098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=23414098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=23414098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=23414098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=23414098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20YW%5BAuthor%5D&cauthor=true&cauthor_uid=23414098
https://www.ncbi.nlm.nih.gov/pubmed/23414098
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nejat%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pickering%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Westhuyzen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaw%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frampton%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frampton%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Endre%20ZH%5BAuthor%5D&cauthor=true&cauthor_uid=20459852
https://www.ncbi.nlm.nih.gov/pubmed/20459852

