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Abstract

Background: Acute kidney injury (AKI) has been proposed as a leading cause of mortality for acute pancreatitis (AP) patients
admitted to the intensive care unit (ICU). This study investigated the predictive value of procalcitonin (PCT) for AKI
development and relevant prognosis in patients with AP, and compared PCT’s predictive power with that of other
inflammation-related variables.

Methods: Between January 2011 and March 2013, we enrolled 305 cases with acute pancreatitis admitted to ICU. Serum
levels of PCT, serum amyloid A (SAA), interleukin-6 (IL-6), and C reactive protein (CRP) were determined on admission. Serum
PCT was tested in patients who developed AKI on the day of AKI occurrence and on either day 28 after occurrence (for
survivors) or on the day of death (for those who died within 28 days).

Results: Serum PCT levels were 100-fold higher in the AKI group than in the non-AKI group on the day of ICU admission
(p,0.05). The area under the receiver-operating characteristic (ROC) curve of PCT for predicting AKI was 0.986, which was
superior to SAA, CRP, and IL-6 (p,0.05). ROC analysis revealed all variables tested had lower predictive performance for AKI
prognosis. The average serum PCT level on day 28 (2.67 (0.89, 7.99) ng/ml) was significantly (p,0.0001) lower than on the
day of AKI occurrence (43.71 (19.24,65.69) ng/ml) in survivors, but the serum PCT level on death (63.73 (34.22,94.30) ng/ml)
was higher than on the day of AKI occurrence (37.55 (18.70,74.12) ng/ml) in non-survivors, although there was no significant
difference between the two days in the latter group (p = 0.1365).

Conclusion: Serum PCT is superior to CRP, IL-6, and SAA for predicting the development of AKI in patients with AP, and also
can be used for dynamic evaluation of AKI prognosis.
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Background

Acute pancreatitis (AP) is a common illness with variable

mortality and morbidity. Acute kidney injury (AKI) is a known

severe complication of AP that increases AP’s mortality rate 5-

fold (66.6% versus 14.5%) [1]. In current clinical practice,

creatinine is still used as an indicator of kidney function. Serum

creatinine (sCr) concentration does not change until about 50%

of kidney function is lost [2], and varies with age, sex, muscle

mass, medications, and hydration status [3]. The lag time

between injury and loss of function means that reliance on sCr

risks missing a therapeutic window, and may contribute to

AKI’s high mortality rate. Furthermore, because there are few

effective therapeutic options for treating AKI, it is imperative to

discover markers for early prediction of AKI occurrence, as

well as for assessing patients’ prognosis, in order to intervene

earlier.

PCT is a 116-amino-acid precursor of the hormone calcitonin.

In healthy individuals, It is formed in C-cells of the thyroid and

degraded by specific proteases into calcitonin [4], limiting the

amount of PCT entering the circulation. PCT plasma concen-

trations are therefore below 0.05 ng/mL in healthy humans [5].

However, during severe bacterial infections and sepsis plasma

concentrations of PCT, produced mainly in in human peripheral

blood mononuclear cells and modulated by bacterial lipopoly-

saccharides and sepsis-related cytokines [6], increase up to

10,000-fold (1 to 1000 ng/mL) [7]. PCT is recently put forward

as a diagnostic marker of systemic bacterial infection and sepsis

[8–10], which are the leading causes of acute kidney injury

(AKI) in critically ill patients [11–14], and multiple studies

[15]show that PCT levels are very high in patients with AP, and

it has potential value in assessment of the severity and outcome

of AP, which often are accompanied by translocation of

lipopolysaccharide or other bacterial products from the gut to

the systemic circulation [16]. In light of this, we aske whether

PCT may be an early ‘‘biological’’ marker for AKI in patients

with AP, as well as for prognosis for those patients who develop

AKI.
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Methods

Patients
Signed informed consents were obtained from all participants or

their guardians, and the study was approved by the Ethics

Committee of West China Hospital, Sichuan University. All the

subjects involved in the research were patients who met criteria for

AP according to the Atlanta classification and who were admitted

to the ICU in West China Hospital within 72 hours after the onset

of illness during the time period of January 2011 to March 2013.

The classification of AP severity was based on a consensus

conference held in Atlanta in 1992 [17]. AP is classified as severe if

systemic and/or local complications are present. Each patient’s

Ranson score at 48 hours after admission was calculated and

recorded. Exclusion criteria were: (1) under 18 years of age; (2)

absence of information on baseline renal function; (3) a history of

nephrectomy, documented chronic kidney disease and renal

transplantation; or (4) died or discharged within three days after

admission. On admission, clinical data and blood samples for

PCT, SAA, IL-6 and CRP concentrations were collected. Systemic

inflammation response syndrome (SIRS) was defined as two or

more of temperature ,36uC or .38uC, heart rate .90 beats/min

(bpm), white blood cell count ,46109/L or .126109/L, and

PaCO2,4.3 kPa.

Serum samples were collected from all included patients on

three consecutive days after admission for routine renal function

tests and to follow up the patients who met the criteria for AKI

during that time. The patients with AKI were further grouped into

survivors, defined as subjects who stayed alive for at least 28 days

($28 days) after developing AKI, and non-survivors who died

within 28 days (,28 days). Serum PCT levels were recorded for

the AKI group on the day of AKI occurrence and on either day 28

after occurrence (for survivors) or on the day of death (for those

who died within 28 days).

We diagnosed and classified AKI according to the RIFLE

criteria, which categorizes the level of renal damage from AKI as

risk, injury, failure, loss of function, and end-stage kidney disease

[18–19], based only on patients’ creatinine levels (we were unable

to collect full information on urinary output). Risk was defined as a

$1.5-fold increase from baseline in serum creatinine within 48 h;

injury was defined as a $2.0-fold increase in serum creatinine

from baseline; failure was defined as either a $3.0-fold increase in

serum creatinine from baseline or initiation of renal replacement

therapy; loss of kidney function was defined as complete loss of

kidney function for longer than four weeks; and end-stage kidney

disease was defined as end-stage kidney disease lasting for longer

than three months.

Table 1. Initial characteristics of 305 patients with acute pancreatitis.

Total (n = 305) AKI (n = 52) Non-AKI (n = 253) P

Age (years) 49.9616.0 50.9615.9 48.6616.2 0.50

Gender 0.06

Male 229 39 190

Female 176 13 163

Urea (mmol/L) 4.48 (3.45,7.48) 5.21 (3.75,7.84) 4.10 (3.15,5.47) 0.21

Creatinine (mmol/L) 49.4 (43.7,70.6) 57.3 (40.0,78.8) 49.4 (46.0,59.2) 0.79

Cystatin C (umol/L) 0.86 (0.69,1.02) 0.89 (0.72,1.15) 0.81 (0.68,0.91) 0.11

Severity of pancreatitis (n) 0.00

Mild 198 8 190

Severe 107 44 63

Ranson score 3.1361.75 4.9861.59 2.7561.58 0.00

SIRS score 2.5160.92 2.6660.86 2.3061.00 0.06

Respiration rate 2667 2868 2465 0.01

Pulse 118624 127623 106619 0.00

Temperature 37.861.0 37.961.2 37.760.7 0.34

WBC 13.968.5 12.768.0 15.569.0 0.12

Etiology of pancreatitis (n) 0.366

Gallstones 143 20 123

Alcohol consumption 44 10 34

Hyperlipemia 80 13 67

Unknown 38 9 29

Outcomes n (%) 0.00

Survivor 272 33 (63.5) 238 (94.2)

Non-survivor 34 19 (36.5) 15 (5.8)

Qualitative data are presented as n. Quantitative data of normal distribution are presented as mean 6 SD. Quantitative data of non-normal distribution are presented as
median (25th and 75th percentiles). All data were collected within 24 h after admission. On the basis of 28-day survival, the patients were further divided into survivors
and non-survivors.
AKI = acute kidney injury; SIRS = Systemic inflammatory response syndrome; WBC = white blood cell count.
doi:10.1371/journal.pone.0082250.t001
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Laboratory Test
Serum samples for PCT, SAA, CRP, IL-6, cystatin C,

creatinine, and urea tests were obtained from unanticoagulated

tubes by means of centrifugation at 3000 r/min for 15 minutes.

PCT and IL-6 were determined via Elecsys- E170 (Roche

Diagnostics, Germany), SAA via BNII (Siemens, Germany),

CRP via Immage 800 (Beckman Coulter, USA), and cystatin C,

creatinine, and urea via Modular-P800 (Roche Diagnostics,

Germany).

Data Analysis
Results for normally distributed variables are given as mean-

s6standard deviations (SD), and results for non-normally distrib-

uted variables are given as medians and interquartile ranges

(IQR). Group comparisons used Student’s t test for normally

distributed variables and non-parametric Mann-Whitney tests for

non-normally distributed variables. Categorical variables were

compared with a chi-square test. Two-sided statistical tests were

used for all analyses, and differences between groups were

considered to be significant at p,0.05. SPSS for Windows (version

13.0; Chicago, IL) was used to perform analyses. Receiver-

operating curves (ROC) were generated to determine the cut-off

values for optimal sensitivity and specificity for PCT, SAA, CRP,

and IL-6, plotted by SigmaPlot 10.0 (Systat Software Inc, CA,

USA). Their AUCs were compared using the Mann-Whitney U

Test.

Results

Patient Characteristics
This clinical study included 305 patients with AP, 198 mild and

107 severe cases. A total of 52 patients (17% of the cohort, the

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

up. Of these, 37 (71%) reached an ‘‘R’’ level of AKI severity, 10

(19%) an ‘‘I’’ level, and 5 (10%) an ‘‘F’’ level. On the basis of 28-

day survival, the AKI patients were further divided into two sub-

groups: survivors (33 cases) and non-survivors (19 cases). Table 1

shows the general condition of the patients within 24 h after

admission. Of the included patients, 229 were male and 176

female, and the mean age was 49.9 years (range: 19–85). We found

highly significant differences (p,0.001) in severity of pancreatitis,

Ranson score, and mortality between the AKI and non-AKI

groups: in the AKI group there were 8 mild and 44 severe

panceatitis cases, the average Ranson score was 4.9861.59, and

mortality was 36.5%, whereas in the non- AKI group there were

190 mild and 63 severe panceatitis cases, the average Ranson

score was 2.7561.58, and mortality was 5.8%. There were no

significant differences in average age, gender, urea, creatinine,

cystatin C, SIRS score, or etiology of pancreatitis between the AKI

and non-AKI groups.

Figure 1. Initial levels of infection markers in non-AKI and AKI patients. The boxes indicate the interquartile range (IQR). The dark lines
denote the median. The whiskers portray minimum and maximum values. Levels in the two groups were compared using the Wilcoxon rank sum test.
doi:10.1371/journal.pone.0082250.g001
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PCT, SAA, CRP, and IL-6 for Predicting AKI
The AKI group and non-AKI groups had,highly significant

differences (p,0.05) in PCT, CRP, and IL-6 serum concentrations

on admission: the PCT levels were 100-fold higher in the AKI

group, CRP was 2-fold higher, and IL-6 was 3.5-fold higher.

However, no marked difference was observed in SAA levels

between the two groups (Figure 1).

ROC curve analysis was applied to the initial values of the

tested variables to assess their predictive performance. The area

under the receiver-operating characteristic curves (AUC) (95%

confidence interval (CI), p) of the initial levels of PCT, CRP, IL-6

and SAA for predicting the occurrence of AKI were 0.986 (0.966–

1.000, p,0.05), 0.838 (0.738–0.919, p,0.05), 0.758 (0.647–0.869,

p,0.05), and 0.547 (0.414–0.680, p.0.05), respectively (Figure 2).

PCT was clearly (p,0.0001) superior to the others (Table 2). The

cutoff value of PCT was 3.30 ng/ml, with a sensitivity of 97.2%,

specificity 92.3%, positive likelihood ratio 12.62, negative likeli-

hood ratio 0.03, and Youden’s index 0.87 (Table 3). But the initial

level of PCT was unable to discriminate AKI severity: there was

no significant difference among the ‘‘R’’, ‘‘I’’, and ‘‘F’’ classes in

initial PCT levels (p.0.05; Figures 3 and 4).

Evaluation of AKI Prognosis
When comparing the survivor and non-survivor groups of AKI

patients, we found that no marked differences were observed in

PCT,SAA, IL-6, or CRP levels between the two groups (Figure 5).

Table 2. Differences in the areas under the ROC curves of
PCT, SAA, CRP, and IL-6 for predicting AKI.

PCT SAA CRP IL-6

PCT \ 0.429
(0.294,0.560)

0.147 (0.058,0.236) 0.221 (0.111,0.331)

P,0.001* P,0.001* P,0.001*

SAA \ \ 0.28 (0.123,0.437) 0.206 (0.036,0.376)

P,0.001* P = 0.017*

CRP \ \ \ 0.074 (0.064,0.212)

P = 0.293

IL-6 \ \ \ \

Results are presented as mean area difference (95% confidence interval)
between two indicators. * = P,0.05 according to the Mann-Whitney U Test.
PCT = procalcitonin; SAA = serum amyloid A; CRP = C-reactive protein; IL-
6 = interleukin-6.
doi:10.1371/journal.pone.0082250.t002

Figure 2. Receiver operating characteristic (ROC) curves for PCT, SAA, IL-6, and CRP for predicting AKI in AP.
doi:10.1371/journal.pone.0082250.g002
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ROC curves were generated for these variables to evaluate their

performance for disease prognosis. The AUC (95% confidence

interval (CI), p) of the initial levels of PCT, CRP, IL-6, and SAA

for AKI prognosis were 0.559 (0.368–0.750, p = 0.552), 0.629

(0.432–0.826, p = 0.194), 0.446 (0.256–0.635, p = 0.583), and

0.506 (0.293–0.718, p = 0.95), respectively (Figure 6). The cutoff

value for PCT was 28.32 ng/ml, with a sensitivity of 39.1%,

specificity 85.7%, positive likelihood ratio 2.74, negative likelihood

ratio 0.71, and Youden index 0.25 (Table 3).

The PCT levels of most of the survivors had significantly

decreased by day 28, whereas there was no decline among the

non-survivors between admission and the day of death (Figure 7A,

B, C, D). Thus, the trend in serum PCT levels was in concordance

with AKI prognosis.

Discussion

We sought to determine Whether PCT has a role in predicting

AKI occurrence and its prognosis in AP patients. Our results

indicate that serum PCT level can be an early, sensitive, specific

biomarker for predicting AKI in patients with AP, with an ideal

cutoff value of 3.30 ng/ml, and that changes in serum PCT levels

during the course of the disease may assist in assessing patients’

prognosis.

AKI in the setting of AP was associated with a 10-fold increase

in mortality (74.7% versus 7%) in a study of 563 patients [20]. A

similar result was reported in another study, showing 71.2%

mortality versus 6.8% in severe acute pancreatitis (SAP) patients

with and without AKI [21]. Our study found the severity of

pancreatitis in the AKI group was significantly higher than in the

non-AKI group on admission and there was a 6-fold higher

mortality rate (36.5% with AKI versus 5.8% without AKI) in AP

patients, which suggests that SAP itself is associated with higher

incidence of AKI, and that both SAP and AKI may be the factors

that increased patients’ mortality risk.

Several studies have found that the traditional indicators of

renal function have little value for early prediction of AKI [22–

24]. In the present study, we did not find elevated serum urea,

Figure 3. Relative percentage of patients with PCT levels above and below the cutoff value, stratified by RIFLE classes. The cutoff
value for PCT levels was set at 3.30 ng/ml. RIFLE = Risk, Injury, Failure, Loss, and End-stage kidney disease. P,0.001, Compared relative percentage
between AKI(RIFLE class Risk, Injury, and Failure) and non-AKI(RIFLE 0) by chi-square test, and P = 0.832, among RIFLE class Risk, Injury, and Failure by
the Cochran Armitage trend test.
doi:10.1371/journal.pone.0082250.g003

Table 3. Predictive performance comparison of PCT, SAA, CRP, and IL-6.

PCT SAA CRP IL-6

a b a b a b a b

AUC 0.986* 0.559 0.557 0.506 0.838* 0.629 0.758* 0.445

Cutoff 3.30 52.02 766.0 1170.1 124.5 294.5 144.91 641.03

Sensitivity 97.2% 39.1% 29.7% 22.7% 91.9% 55.2% 83.8% 32.1%

Specificity 92.3% 85.7% 87.5% 86.7% 62.5% 87.0% 67.5% 73.0%

LR+ 12.62 2.74 2.38 1.71 2.45 4.09 2.57 1.19

LR– 0.03 0.71 0.80 0.89 0.13 0.52 0.24 0.93

c 0.87 0.25 0.17 0.09 0.54 0.42 0.51 0.05

aROC curve analysis was used to distinguish between AKI and non-AKI. b. ROC curve analysis was used to distinguish between survivors and non-survivors. * = P,0.05
compared with the AUC of the reference line in the ROC analysis.
PCT = procalcitonin; SAA = serum amyloid A; CRP = C-reactive protein; IL-6 = interleukin-6; AUC = area under the ROC curve; LR+ = positive likelihood ratio; LR– = negative
likelihood ratio; c= Youden’s index.
doi:10.1371/journal.pone.0082250.t003
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creatinine, or cystatin C levels in the AKI group at enrollment.

Rather, most of the patients who later developed AKI displayed

significantly elevated serum levels of PCT, CRP, and IL-6, the

main indicators of inflammation. This indicates that inflammation

was closely correlated with AKI occurrence in AP patients, which

is consistent with the currently dominant view [25–30] that sepsis

and SIRS are among the main causes of AKI.

Our ROC analysis determined that of PCT, SAA, CRP, and

IL-6, PCT had the best accuracy in predicting AKI in patients

with AP, with an AUC of 0.986. The reason for PCT’s utility as a

predictive marker is an important consideration. Several studies

[8–10] have found that elevated PCT levels in human blood can

be detected in cases of sepsis and bacterial infection, and PCT has

been described as a new and innovative parameter of sepsis. It has

also been reported [31,32] that elevated PCT levels correlate with

the severity and clinical outcome of sepsis, including organ

dysfunction, such as renal injury. We simultaneously conducted

another study [33] of 1361 patients with suspected of infections,

mainly pulmonary and intra-abdominal, and the ROC curve

showed that the AUC of PCT for predicting AKI in those patients

was 0.830. The study found that PCT can be used as a predictive

marker for sepsis-induced acute kidney injury in patients with

symptoms of infection. Wagner KE et al [34] and Martinez JM

et al [35], based on a prorcine sepsis model, found that both early

Figure 5. Initial levels of infective markers between AKI survivors and non-survivors. The boxes indicate the interquartile range (IQR). The
dark lines denote the median. The whiskers indicate minimum and maximum values. Marker levels were compared between the two groups using
the Wilcoxon rank sum test.
doi:10.1371/journal.pone.0082250.g005

Figure 4. PCT levels in patients stratified by RIFLE classes.
RIFLE = Risk, Injury, Failure, Loss, and End-stage kidney disease. PCT
levels were compared between AKI (RIFLE classes Risk, Injury, and
Failure) and non-AKI (RIFLE 0) patients using the Wilcoxon rank sum
test, and PCT levels were compared among the RIFLE classes Risk, Injury,
and Failure using the Kruskal-Wallis H test.
doi:10.1371/journal.pone.0082250.g004
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and late immuno-neutralization of PCT significantly ameliorated

systemic and renal complications. Furthermore, Araujo M,et,al

[36] conducted an experiment to investigated the direct effect of

PCT on mesangial cells, and showed that PCT had direct

cytotoxic properties. Thus, PCT may play as a toxic mediator in

sepsis-related AKI. In healthy people, the normal intestinal

mucosa forms an effective barrier to intraluminal bacteria and

toxins, while in AP patients, gastrointestinal mucosal damage takes

place in the early phase of AP as a result of local or systemic

inflammation response, hypovolemic shock, and gut ischemia [37–

41]. Intestinal flora enter into circulation following dysfunction of

the gut barrier, which is considered to be the main mechanism

leading to secondary infection or sepsis in pancreatitis patients

[39–41]. Therefore, it is not surprising that PCT is an early

predictor of AKI occurrence in patients with AP. Our results also

suggest that infection or sepsis may be a risk factor for AKI

occurrence in AP patients.

The results of the present study also suggest that CRP and IL-6

have some predictive value for AKI in AP patients. However,

these two indicators can significantly increase in response to stress,

and are affected by a variety of infectious and non-infectious

factors [42–45], so they lack specificity. We found that their

sensitivities, specificities, positive likelihood ratios, negative

likelihood ratios, and Youden’s indices were poorer than those

of PCT, and that PCT used alone had good performance in

predicting AKI. So to predict AKI in AP patients, we

recommended measuring only serum PCT levels rather than

simultaneously determining other inflammatory markers as well.

We found that serum PCT level on admission was not able to

discriminate AKI severity, and ROC analysis revealed that the

initial serum levels of all variables also performed poorly in

determining AKI prognosis. The PCT levels of most of the AKI

survivors had significantly decreased by day 28, whereas there was

a slight but non-significant increase in PCT levels in non-survivors

between admission and the day of death. Our results suggest that

changes in serum PCT levels during the course of the disease may

assist physicians in identifying patients at risk for deterioration and

progression. Some studies [46,47] have similarly found that If

PCT levels decrease by more than 30% within the first 24 h of

initiating antibacterial treatment, it indicates that the treatment is

appropriate and the infection is under control; if PCT levels

increase, it means that the antimicrobial treatment must be

changed; and if PCT levels continuously increase, the host

response to infection is very poor and the patient’s condition is

likely to deteriorate. Thus, changes in PCT level could be used to

Figure 6. Receiver operating characteristic (ROC) curves for PCT, SAA, IL-6, and CRP for AKI prognosis.
doi:10.1371/journal.pone.0082250.g006
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assess patients’ prognosis during treatment for AKI and other

infection-related conditions.

In order to more fully understand the relationship between

changes in PCT levels and patents’ prognoses, serial measure-

ments of serum PCT levels will be needed. One limitation of our

study was that we only determined PCT levels at two time points.

In addition, there are many possible causes for mortality among

AP patients with AKI, some of them unrelated to PCT levels, and

our study did not adjust for this because the sample size was not

large enough for us to perform a further analysis of causality or to

adjust for additional influencing factors. This is a potentially

important reason for the low performance of initial PCT level in

determining AKI prognosis. More studies with larger sample sizes

are needed to confirm PCT’s utility.

Acknowledgments

We thank the patients who participated in this study.

Author Contributions

Conceived and designed the experiments: GXL LLW HLH. Performed the

experiments: HLH XN QM. Analyzed the data: HLH YH BC JTT.

Contributed reagents/materials/analysis tools: HLS TXL BXG. Wrote the

paper: HLH.

References

1. Li H, Qian Z, Liu Z, Liu X, Han X, et al. (2010) Risk factors and outcome of

acute renal failure in patients with severe acute pancreatitis. J Crit Care 25: 225–

229.

2. Coca SG, Yalavarthy R, Concato J, Parikh CR (2008) Biomarkers for the

diagnosis and risk stratification of acute kidney injury: a systematic review.

Kidney Int 73: 1008–1016.

3. Parikh CR, Devarajan P, Zappitelli M, Sint K, Thiessen-Philbrook H, et al.

(2011) Postoperative biomarkers predict acute kidney injury and poor outcomes

after pediatric cardiac surgery. J Am Soc Nephrol 22: 1737–1747.

4. Moya F, Nieto A, R-Candela JL (1975) Calcitonin biosynthesis: evidence for a

precursor. Eur J Biochem 55: 407–413.

5. Morgenthaler NG, Struck J, Fischer-Schulz C, Seidel-Mueller E, Beier W, et al.

(2002) Detection of procalcitonin (PCT) in healthy controls and patients with

local infection by a sensitive ILMA. Clin Lab 48: 263–270.

6. Oberhoffer M, Stonans I, Russwurm S, Stonane E, Vogelsang H, et al. (1999)

Procalcitonin expression in human peripheral blood mononuclear cells and its

modulation by lipopolysaccharides and sepsis-related cytokines in vitro. J Lab

Clin Med 134: 49–55.

7. Assicot M, Gendrel D, Carsin H, Raymond J, Guilbaud J, et al. (1993) High

serum procalcitonin concentrations in patients with sepsis and infection. Lancet

341: 515–518.

8. Theodorou VP, Papaioannou VE, Tripsianis GA, Panopoulou MK, Christo-

phoridis EK, et al. (2012) Procalcitonin and procalcitonin kinetics for diagnosis

and prognosis of intravascular catheter-related bloodstream infections in selected

critically ill patients: a prospective observational study. BMC Infect Dis 12: 247.

9. Lavrentieva A, Papadopoulou S, Kioumis J, Kaimakamis E, Bitzani M (2012)

PCT as a diagnostic and prognostic tool in burn patients. Whether time course

has a role in monitoring sepsis treatment. Burns 38: 356–363.

Figure 7. Relationship between serum PCT levels and prognosis. A. The trend of serum PCT levels in survivors during the period from AKI
occurrence to termination of follow up. B. The trend of PCT levels in non-survivors during the period from AKI occurrence to death. C. Serum PCT
levels on the days of AKI occurrence and of termination of follow-up in survivors. D. Serum PCT levels on the days of AKI occurrence and of death in
non-survivors. PCT levels of the two days were each compared using the Wilcoxon signed-rank test.
doi:10.1371/journal.pone.0082250.g007

Procalcitonin Increases in Acute Pancreatitis

PLOS ONE | www.plosone.org 8 December 2013 | Volume 8 | Issue 12 | e82250



10. de Werra I, Jaccard C, Corradin SB, Chiolero R, Yersin B, et al. (1997)

Cytokines, nitrite/nitrate, soluble tumor necrosis factor receptors, and
procalcitonin concentrations: comparisons in patients with septic shock,

cardiogenic shock, and bacterial pneumonia. Crit Care Med 25: 607–613.

11. El-Achkar TM, Hosein M, Dagher PC (2008) Pathways of renal injury in
systemic gram-negative sepsis. Eur J Clin Invest 38 Suppl 2: 39–44.

12. Oppert M (2013) Acute kidney injury in sepsis: more than just a brief encounter.
Crit Care Med 41: 1155–1156.

13. Dirkes S (2013) Sepsis and inflammation: impact on acute kidney injury.

Nephrol Nurs J 40: 125–132, 133.
14. Pinto CF, Watanabe M, Da FC, Ogata CI, Vattimo MF (2012) [The sepsis as

cause of acute kidney injury: an experimental model]. Rev Esc Enferm USP 46
Spec No: 86–90.

15. Pavlidis TE, Pavlidis ET, Sakantamis AK (2010) Advances in prognostic factors
in acute pancreatitis: a mini-review. Hepatobiliary Pancreat Dis Int 9: 482–486.

16. Ammori BJ, Becker KL, Kite P, Snider RH, Nylen ES, et al. (2003) Calcitonin

precursors: early markers of gut barrier dysfunction in patients with acute
pancreatitis. Pancreas 27: 239–243.

17. Bollen TL, van Santvoort HC, Besselink MG, van Leeuwen MS, Horvath KD,
et al. (2008) The Atlanta Classification of acute pancreatitis revisited. Br J Surg

95: 6–21.

18. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P (2004) Acute renal
failure - definition, outcome measures, animal models, fluid therapy and

information technology needs: the Second International Consensus Conference
of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 8: R204–

R212.
19. Kellum JA, Bellomo R, Ronco C, Mehta R, Clark W, et al. (2005) The 3rd

International Consensus Conference of the Acute Dialysis Quality Initiative

(ADQI). Int J Artif Organs 28: 441–444.
20. Kes P, Vucicevic Z, Ratkovic-Gusic I, Fotivec A (1996) Acute renal failure

complicating severe acute pancreatitis. Ren Fail 18: 621–628.
21. Herrera GM, Seller PG, de La Rubia DGC, Chaparro SM, Nacle LB (2000)

[Acute renal failure profile and prognostic value in severe acute pancreatitis].

Med Clin (Barc) 115: 721–725.
22. Uchino S (2010) Creatinine. Curr Opin Crit Care 16: 562–567.

23. Devarajan P, Krawczeski CD, Nguyen MT, Kathman T, Wang Z, et al. (2010)
Proteomic identification of early biomarkers of acute kidney injury after cardiac

surgery in children. Am J Kidney Dis 56: 632–642.
24. Mishra J, Dent C, Tarabishi R, Mitsnefes MM, Ma Q, et al. (2005) Neutrophil

gelatinase-associated lipocalin (NGAL) as a biomarker for acute renal injury

after cardiac surgery. Lancet 365: 1231–1238.
25. Parmar A, Langenberg C, Wan L, May CN, Bellomo R, et al. (2009)

Epidemiology of septic acute kidney injury. Curr Drug Targets 10: 1169–1178.
26. Oppert M, Engel C, Brunkhorst FM, Bogatsch H, Reinhart K, et al. (2008)

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 23: 904–909.

27. Bagshaw SM, George C, Bellomo R (2008) Early acute kidney injury and sepsis:
a multicentre evaluation. Crit Care 12: R47.

28. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, et al. (2006) Sepsis in
European intensive care units: results of the SOAP study. Crit Care Med 34:

344–353.

29. Lopes JA, Jorge S, Resina C, Santos C, Pereira A, et al. (2007) Acute renal
failure in patients with sepsis. Crit Care 11: 411.

30. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, et al. (2009) Definitions
for sepsis and organ failure and guidelines for the use of innovative therapies in

sepsis. The ACCP/SCCM Consensus Conference Committee. American

College of Chest Physicians/Society of Critical Care Medicine. 1992. Chest

136: e28.

31. Bouadma L, Luyt CE, Tubach F, Cracco C, Alvarez A, et al. (2010) Use of

procalcitonin to reduce patients’ exposure to antibiotics in intensive care units

(PRORATA trial): a multicentre randomised controlled trial. Lancet 375: 463–

474.

32. Jensen JU, Hein L, Lundgren B, Bestle MH, Mohr TT, et al. (2011)

Procalcitonin-guided interventions against infections to increase early appropri-

ate antibiotics and improve survival in the intensive care unit: a randomized

trial. Crit Care Med 39: 2048–2058.

33. Nie X, Wu B, He Y, Huang X, Dai Z, et al. (2013) Serum procalcitonin predicts

development of acute kidney injury in patients with suspected infection. Clin

Chem Lab Med 51: 1655–1661.

34. Wagner KE, Martinez JM, Vath SD, Snider RH, Nylen ES, et al. (2002) Early

immunoneutralization of calcitonin precursors attenuates the adverse physio-

logic response to sepsis in pigs. Crit Care Med 30: 2313–2321.

35. Martinez JM, Wagner KE, Snider RH, Nylen ES, Muller B, et al. (2001) Late

immunoneutralization of procalcitonin arrests the progression of lethal porcine

sepsis. Surg Infect (Larchmt) 2: 193–202, 202–203.

36. Araujo M, Doi SQ, Palant CE, Nylen ES, Becker KL (2013) Procalcitonin

induced cytotoxicity and apoptosis in mesangial cells: implications for septic

renal injury. Inflamm Res 62: 887–894.

37. Widdison AL, Karanjia ND, Reber HA (1994) Routes of spread of pathogens

into the pancreas in a feline model of acute pancreatitis. Gut 35: 1306–1310.

38. Medich DS, Lee TK, Melhem MF, Rowe MI, Schraut WH, et al. (1993)

Pathogenesis of pancreatic sepsis. Am J Surg 165: 46–50, 51–52.

39. Marotta F, Geng TC, Wu CC, Barbi G (1996) Bacterial translocation in the

course of acute pancreatitis: beneficial role of nonabsorbable antibiotics and

lactitol enemas. Digestion 57: 446–452.

40. Wang X, Andersson R, Soltesz V, Leveau P, Ihse I (1996) Gut origin sepsis,

macrophage function, and oxygen extraction associated with acute pancreatitis

in the rat. World J Surg 20: 299–307, 307–308.

41. Cicalese L, Sahai A, Sileri P, Rastellini C, Subbotin V, et al. (2001) Acute

pancreatitis and bacterial translocation. Dig Dis Sci 46: 1127–1132.

42. Bressan S, Andreola B, Cattelan F, Zangardi T, Perilongo G, et al. (2010)

Predicting severe bacterial infections in well-appearing febrile neonates:

laboratory markers accuracy and duration of fever. Pediatr Infect Dis J 29:

227–232.

43. Trautner BW, Caviness AC, Gerlacher GR, Demmler G, Macias CG (2006)

Prospective evaluation of the risk of serious bacterial infection in children who

present to the emergency department with hyperpyrexia (temperature of 106

degrees F or higher). Pediatrics 118: 34–40.

44. Pulliam PN, Attia MW, Cronan KM (2001) C-reactive protein in febrile

children 1 to 36 months of age with clinically undetectable serious bacterial

infection. Pediatrics 108: 1275–1279.

45. Olaciregui I, Hernandez U, Munoz JA, Emparanza JI, Landa JJ (2009) Markers

that predict serious bacterial infection in infants under 3 months of age

presenting with fever of unknown origin. Arch Dis Child 94: 501–505.

46. Hatzistilianou M, Rekliti A, Athanassiadou F, Catriu D (2010) Procalcitonin as

an early marker of bacterial infection in neutropenic febrile children with acute

lymphoblastic leukemia. Inflamm Res 59: 339–347.

47. Hatzistilianou M, Rekleity A, Athanassiadou F, DeLutiis MA, Conti P, et al.

(2007) Serial procalcitonin responses in infection of children with secondary

immunodeficiency. Clin Invest Med 30: E75–E85.

Procalcitonin Increases in Acute Pancreatitis

PLOS ONE | www.plosone.org 9 December 2013 | Volume 8 | Issue 12 | e82250


