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  Serum procalcitonin predicts development of 
acute kidney injury in patients with suspected 
infection    
  Abstract 

  Background:  Procalcitonin (PCT) is an early, sensitive, 

and accurate marker for diagnosing infection and sepsis. 

As sepsis and septic shock are dominant causes of acute 

kidney injury (AKI), we investigated whether PCT is an early 

predictor of AKI in patients with symptoms of infection. 

  Methods:  Between January 2011 and October 2011, 1361 

inpatients in West China Hospital who displayed infec-

tion symptoms were enrolled in our study. Levels of PCT, 

serum amyloid A (SAA), C-reactive protein (CRP), interleu-

kin-6 (IL-6), and white blood cell count (WBC) were deter-

mined and participants ’  renal function was monitored for 

3 consecutive days. 

  Results:  The rate of AKI occurrence 3  days after enroll-

ment was 14.6%. Higher PCT levels were correlated with 

higher AKI occurrence rates and higher levels of serum 

urea, creatinine, and cystatin C (p  <  0.05). The area under 

the receiver-operating characteristic (ROC) curve (AUC) for 

PCT was 0.823, making it more predictive (p  <  0.0001) than 

SAA, CRP, IL-6, or WBC. The cut-off value of 1.575 ng/mL 

for PCT had the highest validity for predicting AKI in 

patients with infection symptoms. The sensitivity, speci-

ficity, negative-predictive value (NPV), positive-predictive 

value (PPV), negative-likelihood ratio (LR-), and positive-

likelihood ratio (LR + ) for this cut-off value were 61.7%, 

84.6%, 93.6%, 37.5%, 0.415, and 4.98, respectively. 

  Conclusions:  PCT can be used as a predictive marker for 

sepsis-induced acute kidney injury in patients with symp-

toms of infection.  
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   Introduction 
 Acute kidney injury (AKI) is an increasingly common clini-

cal problem in hospitalized patients that independently 

predicts poor outcome [ 1  –  7 ]. Although AKI is often a 

complex multifactorial syndrome, sepsis and septic shock 

are its dominant causes [ 8 ]. Sepsis-induced acute kidney 

injury (S-AKI) increases patient morbidity, predicts higher 

mortality, affects multiple organ functions, is associated 

with an increased length of stay in the intensive care 

unit (ICU), and hence consumes considerable healthcare 

resources [ 6 ]. Considering that AKI affects approximately 

10% – 60% of all septic patients [ 5 ,  9 ,  10 ,  11 ], the impor-

tance of understanding the pathogenesis of S-AKI, as well 

as of sepsis and AKI as a clinical and public health issue, 

is clear. However, early and timely diagnosis of S-AKI is 

still difficult, and there is no clearly superior marker for 

predicting S-AKI. 

 In recent years, various laboratory parameters, such 

as differential blood count or acute phase reactants like 

C-reactive protein (CRP), serum amyloid A (SAA), pro-

calcitonin (PCT), or interleukin-6 (IL6), have been put 

forward as potential markers for early identification of 

infection. PCT, a 116 amino acid propeptide of calcitonin 

with a long half-life in blood, has proven to be an early, 

sensitive, and accurate marker for identifying bacte-

rial infection and judging the severity of infections and 

sepsis [ 12 ]. In light of this, we asked whether PCT might 

also be useful for AKI prediction in patients suspected of 

having infections. The aims of this study were: 1) deter-

mine whether PCT measurement is useful for early pre-

diction of AKI in patients with infection symptoms; and 

2) compare PCT with other inflammation markers for AKI 

prediction.  
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  Materials and methods 
 Between January 2011 and October 2011, all inpatients in West China 

Hospital, Sichuan University who were clinically suspected of hav-

ing an infection by three approved internists were included in this 

study. Diagnoses were based on clinical manifestations, laboratory 

tests and imaging of the patients, such as labile temperature (arm-

pit temperature   <  36.5 ° C or   >  38.0 ° C); feeding intolerance, defi ned as 

vomiting or gastric residuals    ≥   20% of the amount fed; white blood 

cells (WBC) in a normally sterile body fl uid (e.g., polymorphonuclear 

count    ≥   250/mm 3  in ascitic fl uid); perforated viscus; radiographic 

evidence of pneumonia associated with purulent sputum; or a syn-

drome associated with a high probability of infection (e.g., ascend-

ing cholangitis). Proven bacterial infection was defi ned as positive 

microbiological results, while unproven infection refers to infection 

suspected by three internists but with negative microbiological re-

sults. 

 Signed informed consents were obtained from all participants 

or their guardians, and the study was approved by the Ethics Com-

mittee of West China Hospital, Sichuan University. 

 Exclusion criteria were: 1) absence of information on baseline 

renal function (i.e., available outpatient results from within 1 month 

before hospitalization); 2) chronic kidney disease, stage 1 – 5 [ 13 ]; 3) 

abnormal renal function at admission (a new kidney injury); or 4) 

age younger than 18 years old. The diagnostic criteria of AKI were an 

increase in serum creatinine of    ≥   0.3 mg/dL (   ≥   26.5  μ mol/L) within 

48 h; an increase in serum creatinine to    ≥   1.5 times baseline which 

is known or presumed to have occurred within the prior 7 days; or a 

urine volume   <  0.5 mL/kg/h for 6 h, as specifi ed in the KDIGO Guide-

line [ 14 ].  Figure 1  shows how many patients were screened and how 

many excluded.  

 All clinical manifestations were meticulously documented at the 

time of patient enrollment, and blood samples were taken immedi-

ately. Serum samples for PCT, SAA, CRP, and IL-6 tests were obtained 

from unanticoagulated tubes by means of centrifugation at 1006.2 g 

for 15 min. Whole blood from EDTA-anticoagulated tubes was used 

to test for WBC. PCT and IL-6 were determined via E170 (Roche Diag-

nostics, Germany), SAA via BNα (Siemens, Germany), and CRP via 

Immage 800 (Beckman Coulter, USA). WBC was tested on an XE 2100 

Auto Hematology Analyzer (Sysmex Corporation, Japan). The treat-

ing clinicians were aware of the results of all measurements. 

 Serum samples of all included patients were collected on 3 con-

secutive days for routine renal function tests (urea, creatinine, and 

cystatin C). The renal function indicators were tested on a Modular-

P800 Auto Biochemical Analyzer (Roche Diagnostics, Germany). 

 Frequency of symptoms and laboratory parameters were com-

pared by the  χ  2 -test, Wilcoxon rank sum test, ANOVA test, or Stu-

dent ’ s t-test. Two-sided statistical tests were used for all analyses; 

p  <  0.05 was considered signifi cant. All statistical computations were 

performed by SPSS 13.0 (SPSS Inc., Chicago, IL, USA). Receiver-

operating characteristic curves (ROC) for PCT, SAA, CRP, IL-6, and 

WBC were plotted by SigmaPlot 10.0 (Systat Soft ware Inc., CA, USA). 

Their AUCs were compared using the Mann-Whitney U-test [U = (AUC 
1
 -

AUC 
2
 )/(Standard Error 

 AUC1
  2  +  Standard Error 

 AUC2
  2 )^ (1/2) , AUC and Stand-

ard Error 
AUC 

 were obtained using SPSS 13.0]. The sensitivity and 

specifi city of PCT were calculated by SPSS 13.0. The PCT cut-off  value 

was obtained from the ROC according to the principle of maximizing 

Youden ’ s index (sensitivity + specifi city−1). The positive-predictive 

value (PPV), negative-predictive value (NPV), positive-likelihood 

ratio (LR + ), and negative-likelihood ratio (LR-) were also computed.  

  Results 

  Patient characteristics 

 Of the patients, 846 were male and 515 female ( Table 1 ). 

The median age of all patients was 58  years (range 

18 – 99). Seven hundred and sixty-six patients (56.3% of 

Absence of creatinine baseline: 1119

Infection suspected: 2606

1487 remained

Abnormal renal function at admission: 20

1467 remained

Chronic kidney disease, stage 1-5: 64

Younger than 18 years old: 42

1403 remained

Enrolled finally: 1361

 Figure 1      Flow diagram of inclusion and exclusion.    
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the cohort) had positive microbiology results, of whom 

only 23 had positive blood cultures. The majority of the 

patients presented with pulmonary infection (62.4%) 

or intra-abdominal infection (12.7%). Average baseline 

serum urea,  creatinine, and  cystatin C of enrolled patients 

were (6.02  ±  3.56)  μ mol/L, (68.06  ±  21.94)  μ mol/L, and 

(1.18  ±  0.44) mg/L, respectively.   

  PCT, SAA, CRP, IL-6 levels and WBC of AKI 
and non-AKI group 

 A total of 199 patients (14.6% of the cohort, the AKI 

group) were diagnosed with AKI during the 3-day follow-

up, while the others (85.4% of the cohort, the non-AKI 

group) were not. The PCT, SAA, CRP, and IL-6 levels and 

WBC of the AKI group at the time of enrollment were 

 Table 1      Clinical characteristics of enrolled patients.  

 Total number  1361 

 Sex, male/female  846/515 

 Median age, years (range)  58 (18 – 99) 

 Proven bacterial infection  766 

  Pulmonary, n/%  478/62.4 

  Intra-abdominal, n/%  97/12.7 

  Gastrointestinal tract, n/%  59/7.7 

  Skin or soft tissue, n/%  54/7.0 

  Biliary tract, n/%  34/4.4 

  Urinary tract, n/%  9/1.2 

  Articular cavity, n/%  6/0.7 

  Other, n/%  29/3.8 

 Positive blood culture  23 

 Unproven infection  595 

 Renal function baseline   

  Urea,  μ mol/L (mean  ±  SD)  6.02  ±  3.56 

  Creatinine,  μ mol/L (mean  ±  SD)  68.06  ±  21.94 

  Cystatin C, mg/L (mean  ±  SD)  1.18  ±  0.44 

 Table 2      Procalcitonin, serum amyloid A, C-reactive protein, interleukin-6 levels and white blood cell count of AKI and non-AKI group.  

  
  

 AKI group  Non-AKI group  p - Value 
  

 Median (interquartiles range)  Median (interquartiles range) 

 PCT, ng/mL  4.27 (0.54, 26.64)  0.16 (0.06, 0.62)  p  <  0.0001 a  

 SAA, mg/L  244 (77.90, 563.00)  200 (44.83, 523.00)  p = 0.0270 a  

 CRP, mg/L  93.5 (36.40, 181.00)  50.00 (14.35, 108.00)  p  <  0.0001 a  

 IL-6, pg/mL  104.6 (31.16, 448.40)  32.64 (12.52, 89.09)  p  <  0.0001 a  

 WBC, 10 9 /L  10.82 (6.95, 14.74)  8.12 (5.80, 12.23)  p  <  0.0001 a  

  AKI, acute renal injury; CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin; SAA, serum amyloid A; WBC, white blood cell count. 

Data were compared by Wilcoxon rank sum test.  a p  <  0.05.  

significantly (p   <   0.05) higher than those of the non-AKI 

group ( Table 2 ).   

  AKI occurrence and renal function at 
different PCT levels 

 Patients were divided into four groups by PCT level (ng/mL): 

PCT   ≤   0.5, 0.5  <  PCT   ≤   2, 2  <  PCT   ≤   10, and PCT  >  10. The rates 

of AKI occurrence among the groups were significantly 

different (p   <   0.0001), and higher PCT levels were corre-

lated with higher AKI occurrence ( Table 3 ). Renal function 

indicators, including serum urea, creatinine, and cyasta-

tin C levels, were also significantly different among the 

four groups (p  <  0.05) ( Table 4 ), and were positively corre-

lated with PCT levels. A log transformation of creatinine 

levels was made to fit to normality to enable a parametric 

test ( Table 4 ).    

  PCT, SAA, CRP, IL-6, and WBC for predicting 
AKI 

 AUC [95% confidence interval (CI), p] of PCT, IL-6, CRP, WBC 

and SAA for predicting AKI in patients with suspected infec-

tion were 0.830 (0.796 – 0.863, p  <  0.0001 against the AUC 0.5 

line), 0.695 (0.653 – 0.738, p  <  0.0001 against the AUC 0.5 line), 

0.647 (0.605 – 0.689, p  <  0.0001 against the AUC 0.5 line), 0.607 

(0.564 – 0.650, p  <  0.0001 against the AUC 0.5 line), and 0.549 

(0.507 – 0.591, p = 0.0270 against the AUC 0.5 line), respec-

tively ( Figure 2 ). Among them, PCT was clearly (p  <  0.0001) 

superior to the others ( Table 5 ). According to the principle 

of maximizing Youden ’ s Index (sensitivity + specificity-1), the 

cut-off value of 1.575 ng/mL of PCT had the highest validity 

in predicting AKI in these patients. For this cut-off value the 

sensitivity was 63.82%, specificity 87.18%, NPV 93.37%, PPV 

45.97%, LR- 0.415, and LR + 4.98.     
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  Discussion 
 To the best of our knowledge, this is the first study to 

assess the clinical utility of PCT, SAA, CRP, IL-6, and WBC 

in predicting AKI in patients with symptoms of infection. 

Our results indicate that PCT level alone is a highly accu-

rate predictor of AKI in such patients, with an ideal cut-off 

value of 1.575 ng/mL. 

 Several observational studies of septic critically ill 

patients have found that AKI occurred in between 11% 

and  64% of the patients [ 5 ,  9 – 11 ,  15 – 17 ]. In our study, 

14.6% of the patients with infection symptoms devel-

oped AKI. However, as chronic kidney disease is a widely 

known risk factor for AKI [ 18 ], our exclusion of patients 

with chronic kidney disease and those without baseline 

creatinine likely lowered the AKI incidence rate in this 

study. 

 In the present study, we also found that patients with 

infection symptoms who developed AKI, most of whom 

had negative microbiology results, displayed significantly 

elevated PCT, SAA, CRP, and IL-6 levels and WBC counts at 

enrollment, which preceded the rise in serum urea, creati-

nine, and cystatin C levels on the 3 consecutive monitoring 

days. Several studies have similarly reported significantly 

elevated levels of serum acute phase reactants, especially 

 Table 3      Acute renal injury occurrence for different procalcitonin 

levels.  

 PCT level, ng/L  Patient number  AKI, n/%  p-Value 

 PCT   ≤   0.5  882  47/5.3   

 0.5  <  PCT   ≤   2  233  36/15.5   

 2  <  PCT   ≤   10  132  37/28.0   

 PCT  >  10  114  79/69.3   

 Total  1361  199/14.6  p = 0.0000 a  

  AKI, acute renal injury; PCT, procalcitonin. Data were compared by 

the  χ  2 -test.  a p  <  0.05.  

 Table 4      Renal function of patients with different procalcitonin levels.  

 Group      PCT level, ng/L  p-Value     

 PCT   ≤≤   0.5 
 (n == 908) 

 0.5  <<  PCT   ≤≤   2 
 (n =241) 

 2  < PCT   ≤≤   10 
 (n == 136) 

 PCT  >>  10 
 (n == 118) 

 Urea,  μ mol/L (mean  ±  SD)  5.92  ±  3.66  8.57  ±  6.27  11.59  ±  9.62  16.37  ±  10.25  p  <  0.001 a  

 Creatinine,  μ mol/L [mean(range)]  65.85 

(11.70 – 823.5) 

 72.30 

(18.00 – 506.00) 

 83.10 

(36.10 – 649.80) 

 143.9 

(24.00 – 933.00) 

  

 Ln (creatinine),  μ mol/L (mean  ±  SD)  4.22  ±  0.42  4.35  ±  0.60  4.61  ±  0.66  5.04  ±  0.78  p  <  0.001 a  

 Cystatin C, mg/L (mean  ±  SD)  1.22  ±  0.56  1.57  ±  1.07  1.82  ±  1.07  2.35  ±  1.36  p  <  0.001 a  

  PCT, procalcitonin. Data were based on peak urea, creatinine and cystatin C levels over the 3 consecutive monitoring days and compared by 

ANOVA test.  a p  <  0.05.  

PCT, in patients with sepsis compared to those without, 

with higher sensitivity and less time cost for the PCT test 

than for microbiological determination [ 19  –  28 ]. Further-

more, some of these studies found that elevated PCT also 

was associated with sepsis-induced organ dysfunction, 

including renal injury [ 23 ,  27 ]. Our study also found that 

AKI occurrence, serum creatinine, and cystatin C levels 

were positively correlated with PCT levels. As sepsis and 

septic shock are AKI ’ s dominant causes [ 8 ], risk identifica-

tion, timely recognition, and early diagnosis of infection 

and sepsis are vital, as they may directly impact patient 

outcomes. An early definite diagnosis of sepsis suggests 

high risk of AKI. Furthermore, the more severe the sepsis, 

the greater the potential harm to the kidneys. Therefore, 

patients with higher levels of PCT experience more severe 

damage to their renal function. Generally speaking, PCT 

can be considered a marker of severity of infection, which 

correlates with severity of AKI. 

 Our ROC analysis determined that among PCT, 

SAA, CRP, IL-6, and WBC, PCT had the best accuracy 

in predicting AKI in patients with suspected infection. 

The reason for PCT ’ s utility as a predictive marker for 

AKI is an important consideration. Previous studies 

have demonstrated that PCT is a useful and accurate 

biomarker for infection and sepsis and is more useful 

than other common inflammatory markers because ele-

vated IL-6, WBC, CRP and SAA can also be caused by 

inflammation not linked to infection [ 20 ,  22 ,  27 ,  29 ]. In 

addition, the kinetics of PCT, IL-6, WBC, CRP, and SAA 

differ substantially from one another [ 30 ]. Their serum 

levels are associated with their peak time of release into 

the blood and their half-lives. Any of these factors can 

affect their clinical utility. After an inflammatory stimu-

lus, PCT is detectable sooner than the other inflamma-

tory markers  –  as soon as 3 – 4 h, peaking at 14 – 24 h after 

the stimulus. After removal of the  inflammatory stimu-

lus, PCT half-life ranges from 22 to 35 h, the longest of 

any inflammatory marker [ 30 ,  31 ]. Rapid and sustained 

Authenticated | onlinepurchase@nes.co.in
Download Date | 1/8/14 1:44 AM



Nie et al.: PCT as predictive marker for AKI      1659

up-regulation of serum PCT occurs early in sepsis, 

making it a useful marker for the presence and sever-

ity of infection. Therefore, the high predictive power of 

PCT for AKI in patients with infection symptoms is not 

surprising. 

 With a cut-off value of 1.575 ng/mL, PCT was found 

to have a specificity of 87.18% for predicting infection, 

and could help doctors decide whether to enhance anti-

microbial treatment to prevent AKI. However, our results 

suggest that PCT has relatively low sensitivity and PPV for 

predicting AKI. This may be the result of our excluding 

patients at high risk of AKI, such as those with chronic 

kidney disease. It should also be noted that our findings 

are based on a single measurement. Thus, it is possible 

that sequential combined testing of CRP, IL-6, WBC, and 

PCT might improve their diagnostic value. 

 In recent years, a variety of kidney injury biomarkers 

have been studied, including neutrophil gelatinase asso-

ciated lipocalin (NGAL), cystatin-C (Cys-C), interleukin-18 

(IL-18), kidney injury molecule-1 (KIM-1), monocyte chemo-

tactic peptide-1 (MCP-1), netrin-1, and liver-type fatty acid 

binding proteins (L-FABP). Among these, NGAL, which 

is up-regulated in kidney tubules soon after ischemic, 

toxic, septic, autoimmune, and post-transplant injury, has 

globally shown the best promise for AKI detection over a 

growing spectrum of disorders [ 32  –  38 ]. Although plasma 

NGAL is freely filtered by the glomerulus, it is largely 

reabsorbed in the proximal tubules by efficient megalin-

dependent endocytosis [ 37 ]. Thus, any urinary excretion 

of NGAL indicates a concomitant proximal renal tubular 

injury that precludes NGAL reabsorption and/or increases 

de novo NGAL synthesis. A recent study suggests that 

urinary NGAL may be a more sensitive, specific, and reli-

able biomarker than serum CRP and PCT in the diagnosis 

of late onset sepsis in preterm newborns [ 39 ]. Therefore, 

NGAL may also be better than PCT for predicting AKI in 

patients with infection symptoms. We plan to address this 

question in future studies.  

  Conclusions 
 In conclusion, PCT is a more useful predictive marker than 

IL-6, CRP, WBC, or SAA for AKI in patients suspected of 

having infections. PCT can also be used as a biomarker to 

guide timely antibiotic therapy in patients with infection 

or sepsis, thus preventing AKI.  
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 Figure 2      ROC curves of procalcitonin, interleukin-6, C-reactive 

protein, white blood cell count, and serum amyloid A for predicting 

acute kidney injury. 

 CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin; SAA, 

serum amyloid A; WBC, white blood cell count.    

 Table 5      Difference of the area under the ROC curve for procalcitonin, interleukin-6, C-reactive protein, white blood cell count and serum 

amyloid A for predicting acute kidney injury.  

   PCT  IL-6  CRP  WBC  SAA 

 PCT  /  0.134 (0.081, 0.188) 

p  <  0.0001 a  

 0.183 (0.129, 0.237) 

p  <  0.0001 a  

 0.222 (0.168, 0.277) 

p  <  0.0001 a  

 0.281 (0.227, 0.334) 

p  <  0.0001 a  

 IL-6  /  /  0.048 ( − 0.012, 0.108) 

p = 0.1134 

 0.088 (0.028, 0.148) 

p = 0.0042 a  

 0.146 (0.086, 0.206) 

p  <  0.0001 a  

 CRP  /  /  /  0.040 ( − 0.021, 0.100) 

p = 0.1967 

 0.098 (0.038, 0.158) 

p = 0.0013 a  

 WBC  /  /  /  /  0.058 ( − 0.002, 0.118) 

p = 0.0585 

 SAA  /  /  /  /  / 

  CRP, C-reactive protein; IL-6, interleukin-6; PCT, procalcitonin; SAA, serum amyloid A; WBC, white blood cell count. Data were shown as 

mean area difference (95% confidence interval) between two indicators.  a p  <  0.05 by Mann-Whitney U-test.  

Authenticated | onlinepurchase@nes.co.in
Download Date | 1/8/14 1:44 AM



1660      Nie et al.: PCT as predictive marker for AKI

   Acknowledgments:  Our study was funded by science and 

technology funds of Sichuan Province (grant number 

2010SZ0252).  

  Conflict of interest statement 

  Authors ’  conflict of interest disclosure:  The authors 

stated that there are no conflicts of interest regarding the 

publication of this article. Research funding played no 

role in the study design; in the collection, analysis, and 

interpretation of data; in the writing of the report; or in the 

decision to submit the report for publication. 

  Research funding:  None declared. 

  Employment or leadership:  None declared. 

  Honorarium:  None declared.   

  Received November 28, 2012; accepted February 18, 2013; previ-

ously published online March 18, 2013 

  References 
  1. Bagshaw SM, Laupland KB, Doig CJ, Mortis G, Fick GH, 

Mucenski M, et al. Prognosis for long-term survival and renal 

recovery in critically ill patients with severe acute renal failure: 

a population-based study. Crit Care 2005;9:R700 – 9.  

  2. Korkeila M, Ruokonen E, Takala J. Costs of care, long-term 

prognosis and quality of life in patients requiring renal 

replacement therapy during intensive care. Intensive Care Med 

2000;26:1824 – 31.  

  3. Metnitz PG, Krenn CG, Steltzer H, Lang T, Ploder J, Lenz K, 

et al. Effect of acute renal failure requiring renal replacement 

therapy on outcome in critically ill patients. Crit Care Med 

2002;30:2051 – 8.  

  4. Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, 

Morgera S, et al. Acute renal failure in critically ill patients: 

a multinational, multicenter study. J Am Med Assoc 

2005;294:813 – 8.  

  5. Bagshaw SM, George C, Bellomo R. Early acute kidney injury 

and sepsis: a multicentre evaluation. Crit Care 2008;12:R47.  

  6. Zarjou A, Agarwal A. Sepsis and acute kidney injury. J Am Soc 

Nephrol 2011;22:999 – 1006.  

  7. Murugan R, Kellum JA. Acute kidney injury: what ’ s the 

prognosis? Nat Rev Nephrol 2011;7:209 – 17.  

  8. Parmar A, Langenberg C, Wan L, May CN, Bellomo R, Bagshaw SM. 

Epidemiology of septic acute kidney injury. Curr Drug Targets 

2009;10:1169 – 78.  

  9. Oppert M, Engel C, Brunkhorst FM, Bogatsch H, Reinhart K, 

Frei U, et al. Acute renal failure in patients with severe sepsis 

and septic shock  –  a significant independent risk factor for 

mortality: results from the German Prevalence Study. Nephrol 

Dial Transplant 2008;23:904 – 9.  

  10. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach H, 

et al. Sepsis in European intensive care units: results of the 

SOAP study. Crit Care Med 2006;34:344 – 53.  

  11. Lopes JA, Jorge S, Resina C, Santos C, Pereira A, Neves J, et al. 

Acute renal failure in patients with sepsis. Crit Care 2007;11:411.  

  12. Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, Bohuon C. 

High serum procalcitonin concentrations in patients with sepsis 

and infection. Lancet 1993;341:515 – 8.  

  13. K/DOQI clinical practice guidelines for chronic kidney disease: 

evaluation, classification, and stratification. Am J Kidney Dis 

2002;39:S1 – 266.  

  14. Kidney Disease: Improving Global Outcomes (KDIGO) Acute 

Kidney Injury Work Group. KDIGO Clinical Practice Guideline for 

Acute Kidney Injury. Kidney Int Suppl 2012;2:1 – 138.  

  15. Hoste EA, Lameire NH, Vanholder RC, Benoit DD, 

Decruyenaere JM, Colardyn FA. Acute renal failure in patients 

with sepsis in a surgical ICU: predictive factors, incidence, 

comorbidity, and outcome. J Am Soc Nephrol 2003;14:1022 – 30.  

  16. Rau B, Steinbach G, Baumgart K, Gansauge F, Grunert A, 

Beger HG. The clinical value of procalcitonin in the prediction 

of infected necrosis in acute pancreatitis. Intensive Care Med 

2000;26(Suppl 2):S159 – 64.  

  17. Yegenaga I, Hoste E, Van Biesen W, Vanholder R, Benoit D, 

Kantarci G, et al. Clinical characteristics of patients developing 

ARF due to sepsis/systemic inflammatory response syndrome: 

results of a prospective study. Am J Kidney Dis 2004;43:817 – 24.  

  18. Leblanc M, Kellum JA, Gibney RT, Lieberthal W, Tumlin J, Mehta R. 

Risk factors for acute renal failure: inherent and modifiable risks. 

Curr Opin Crit Care 2005;11:533 – 6.  

  19. Cardelli P, Ferraironi M, Amodeo R, Tabacco F, De Blasi RA, 

Nicoletti M, et al. Evaluation of neutrophil CD64 expression and 

procalcitonin as useful markers in early diagnosis of sepsis. 

Int J Immunopathol Pharmacol 2008;21:43 – 9.  

  20. Lannergard A, Larsson A, Friman G, Ewald U. Human serum 

amyloid A (SAA) and high sensitive C-reactive protein (hsCRP) 

in preterm newborn infants with nosocomial infections. Acta 

Paediatr 2008;97:1061 – 5.  

  21. Becker KL, Snider R, Nylen ES. Procalcitonin assay in systemic 

inflammation, infection, and sepsis: clinical utility and 

limitations. Crit Care Med 2008;36:941 – 52.  

  22. Martini A, Gottin L, Menestrina N, Schweiger V, Simion D, 

Vincent JL. Procalcitonin levels in surgical patients at risk of 

candidemia. J Infect 2010;60:425 – 30.  

  23. Bouadma L, Luyt CE, Tubach F, Cracco C, Alvarez A, Schwebel C, 

et al. Use of procalcitonin to reduce patients ’  exposure to 

antibiotics in intensive care units (PRORATA trial): a multicentre 

randomised controlled trial. Lancet 2010;375:463 – 74.  

  24. Enguix A, Rey C, Concha A, Medina A, Coto D, Dieguez MA. 

Comparison of procalcitonin with C-reactive protein and serum 

amyloid for the early diagnosis of bacterial sepsis in critically ill 

neonates and children. Intensive Care Med 2001;27:211 – 5.  

  25. Ugarte H, Silva E, Mercan D, De Mendonca A, Vincent JL. Procal-

citonin used as a marker of infection in the intensive care unit. 

Crit Care Med 1999;27:498 – 504.  

  26. Nakamura A, Wada H, Ikejiri M, Hatada T, Sakurai H, 

Matsushima Y, et al. Efficacy of procalcitonin in the early 

diagnosis of bacterial infections in a critical care unit. Shock 

2009;31:586 – 91.  

Authenticated | onlinepurchase@nes.co.in
Download Date | 1/8/14 1:44 AM



Nie et al.: PCT as predictive marker for AKI      1661

  27. Jensen JU, Hein L, Lundgren B, Bestle MH, Mohr TT, Andersen MH, 

et al. Procalcitonin-guided interventions against infections to 

increase early appropriate antibiotics and improve survival 

in the intensive care unit: a randomized trial. Crit Care Med 

2011;39:2048 – 58.  

  28. Deis JN, Creech CB, Estrada CM, Abramo TJ. Procalcitonin as a 

marker of severe bacterial infection in children in the emergency 

department. Pediatr Emerg Care 2010;26:51 – 60, 61 – 3.  

  29. Chan T, Gu F. Early diagnosis of sepsis using serum biomarkers. 

Expert Rev Mol Diagn 2011;11:487 – 96.  

  30. Bohnhorst B, Lange M, Bartels DB, Bejo L, Hoy L, Peter C. 

 Procalcitonin and valuable clinical symptoms in the early 

detection of neonatal late-onset bacterial infection. Acta 

Paediatr 2012;101:19 – 25.  

  31. Povoa P, Salluh JI. Biomarker-guided antibiotic therapy in adult 

critically ill patients: a critical review. Ann Intensive Care 2012;2:32.  

  32. Makris K, Rizos D, Kafkas N, Haliassos A. Neurophil gelatinase-

associated lipocalin as a new biomarker in laboratory medicine. 

Clin Chem Lab Med 2012;50:1519 – 32.  

  33. Lippi G, Plebani M. Neutrophil gelatinase-associated lipocalin 

(NGAL): the laboratory perspective. Clin Chem Lab Med 

2012;50:1483 – 7.  

  34. Clerico A, Galli C, Fortunato A, Ronco C. Neutrophil gelatinase-

associated lipocalin (NGAL) as biomarker of acute kidney injury: 

a review of the laboratory characteristics and clinical evidences. 

Clin Chem Lab Med 2012;50:1505 – 17.  

  35. Devarajan P. Neutrophil gelatinase-associated lipocalin  –  an 

emerging troponin for kidney injury. Nephrol Dial Transplant 

2008;23:3737 – 43.  

  36. Soni SS, Pophale R, Ronco C. New biomarkers for acute renal 

injury. Clin Chem Lab Med 2011;49:1257 – 63.  

  37. Devarajan P. Review: neutrophil gelatinase-associated lipocalin: 

a troponin-like biomarker for human acute kidney injury. 

Nephrology (Carlton) 2010;15:419 – 28.  

  38. Makris K, Markou N, Evodia E, Dimopoulou E, Drakopoulos I, 

Ntetsika K, et al. Urinary neutrophil gelatinase-associated 

lipocalin (NGAL) as an early marker of acute kidney injury 

in critically ill multiple trauma patients. Clin Chem Lab Med 

2009;47:79 – 82.  

  39. Ertugrul S, Annagur A, Kurban S, Altunhan H, Ors R. 

Comparison of urinary neutrophil gelatinase-associated 

lipocalin, C-reactive protein and procalcitonin in the diagnosis 

of late onset sepsis in preterm newborns. J Matern Fetal 

Neonatal Med 2013;26:430 – 3.        

Authenticated | onlinepurchase@nes.co.in
Download Date | 1/8/14 1:44 AM



Copyright of Clinical Chemistry & Laboratory Medicine is the property of De Gruyter and its
content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articles for individual use.


