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Peritonitis is a severe complication after abdominal surgery 
(1, 2). Patients admitted to the ICU following surgery bear 
the risk of localized infection, generalised peritoneal in-

flammation, sepsis, or septic shock (3, 4). Due to the loss of the 
intestinal barrier function or even iatrogenic events, bacterial 
transfer into the peritoneum is accelerated (5, 6). In the absence 
of a well-functioning immune system or due to an overwhelm-
ing infection, gut bacteria may grow and cause severe infection 
requiring antibiotic treatment, re-operation, ventilator-assistance, 
and catecholamine support (7).

Prevention or early detection of such events is important to in-
tervene with an appropriate therapeutic action and avoid risking 
a potentially life-threatening situation. Several clinically accepted 
markers indicating the presence of inflammation, infection, and 
sepsis have been studied. White blood cell counts (WCCs) and 
C-reactive protein (CRP), interleukin-6 (IL-6), and procalcitonin 
(PCT) are all established parameters (8–11). However, their clini-
cal impact may be limited in the postoperative period (12). CRP 
is typically elevated after surgery making it difficult to distinguish 
surgical stress from a true infection. WCC is even more unspecific 
and may be suppressed by a weak immune system.

Objective: To determine the value of pancreatic stone protein in pre-
dicting sepsis-related postoperative complications and death in the 
ICU.
Design: A prospective cohort study of postoperative patients admit-
ted to the intensive care unit. Blood samples were taken within three 
hours for analysis from admission to the intensive care unit including 
pancreatic stone protein, white blood cell counts, C-reactive protein, 
interleukin-6, and procalcitonin. The Mannheim Peritonitis Index and 
Acute Physiology and Chronic Health Evaluation II clinical scores 
were also determined. Univariate and multivariate analyses were per-
formed to determine the diagnostic accuracy and independent pre-
dictors of death in the ICU [Clinicaltrials.gov, NCT01465711].
Setting: An adult medical–surgical intensive care unit in a teaching 
hospital in Germany.
Patients: Ninety-one consecutive postoperative patients with proven 
diagnosis of secondary peritonitis admitted to the ICU were included 
in the study from August 17, 2007, to February 8, 2010.

Interventions: Peripheral vein blood sampling.
Measurements and Main Results: Univariate analysis demonstrated 
that pancreatic stone protein has the highest diagnostic accuracy for 
complications and is the best predictor for death in the ICU. Pancreatic 
stone protein had the highest overall efficacy in predicting death with an 
odds ratio of 4.0 vs. procalcitonin (odds ratio 3.2), interleukin-6 (odds 
ratio 2.8), C-reactive protein (odds ratio 1.3), and white blood cell counts 
(odds ratio 1.4). By multivariate analysis, pancreatic stone protein was 
the only independent predictor of death.
Conclusions: In a population of patients with sepsis-related compli-
cations, serum-pancreatic stone protein levels demonstrate a high 
diagnostic accuracy to discriminate the severity of peritonitis and to 
predict death in the ICU. This test could be of value in the clinical 
diagnosis and therapeutic decision-making in the ICU. (Crit Care 
Med 2013; 41:0–0)
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Pancreatic stone protein (PSP) was originally identified in calci-
fied concrements from pancreatic ducts. Later, the same protein was 
independently cloned and sequenced from regenerating pancreatic 
islets (13). To date, analysis revealed that PSP is expressed in various 
cell types in the gastrointestinal tract (14). During inflammation, PSP 
is up-regulated in the pancreas, the small intestine, and the stom-
ach. PSP is known to be constitutively expressed at low levels and is 
strongly increased under inflammatory situations (15).

Based on these observations, we hypothesize that 1) PSP is sig-
nificantly up-regulated leading to increased serum levels in pa-
tients with secondary peritonitis, and 2) its diagnostic accuracy 
for severity of sepsis and predictive value for death in the ICU is 
higher when compared with other markers such as CRP, WCC, 
IL-6, and PCT that are commonly influenced by surgical stress or 
other nonsepsis related factors.

MATERIALS AND METHODS

Participants
In this prospective cohort study, 91 consecutive postoperative pa-
tients admitted to the ICU with proven diagnosis of secondary 
peritonitis according to the MPI score were included in the study. 
For all patients, the data collected were obtained from their first 
admission to the ICU after their first operation for peritonitis. 
Age, gender, or pre-existing disease was no reason for exclusion. 
Patients were not included in the study if blood was not taken 
within three hours from admission to the ICU or if patients were 
transferred from other hospitals.

At ICU admission, blood samples were taken within three hours 
for analysis. The Mannheim Peritonitis Index (MPI) and Acute 
Physiology and Chronic Health Evaluation II (APACHE II) clinical 
scores were also determined. Recruitment was from August 17, 2007, 
to February 8, 2010. Data of all patients were anonymised, prospec-
tively collected, and stored in a password-protected database. Table 
1 shows the patient characteristics. Prior to surgery, patients pro-
vided informed consent. The study received approval by the local 
Ethics committee, adhered to the principles of the Helsinki conven-
tion, and was registered to ClinicalTrials.gov (NCT01465711).

Test Method
At admission, blood samples were taken for analysis of WCC, CRP, 
IL-6, PCT, and PSP.

PSP was determined as previously described (15). Briefly, 
isoform-specific ELISAs were designed using the sandwich tech-
nique. Guinea pig anti-human recombinant PSP/reg antibodies 
(affinity-purified IgG) were diluted in Tris-buffered saline (TBS) 
and coated onto Maxisorp plates (FIRMA, Nunc, VWR Interna-
tional, Dietikon, Switzerland) at 4°C overnight. The plates were 
then blocked with 1% bovine serum albumin (BSA) in TBS for 
1 hr at room temperature. Samples were pre-diluted in TBS/BSA 
and loaded in duplicate wells. The standard curve was generated 
from serial dilutions of recombinant PSP/reg protein. A second 
antibody, rabbit anti-PSP/reg, was then incubated and detected by 
phosphatase-conjugated anti-rabbit IgG.

Blood samples for later analysis were collected in BD Vacu-
tainers (BD, Plymouth, United Kingdom) and serum was frozen  

at −80°C. PSP measurements were performed by an experienced 
technician at the University Hospital of Zurich. The samples were 
always stored at −80°C and transferred in liquid nitrogen. All 
other parameters were determined by standard procedures at the 
Department of Clinical Chemistry in Magdeburg. All blood mark-
ers mentioned above were grouped as more vs. less than their indi-
vidual cut-off point generated by receiver operator characteristic 
(ROC) curves and the Yuden’s Index (16, 17) (the “State/outcome 
variable” was death in the ICU). Briefly, the YI indicates the spe-
cific cut-off point where equal weight is given to both sensitivity 
and specificity.

MPI (18) was calculated according to Linder et al (19) and 
APACHE II (20) according to Knaus et al (21). For the intraop-
erative assessment of the severity of peritonitis several arbitrary 
factors were taken into account such as the appearance of the exu-
dates, localization of inflammation, i.e., affected quadrant(s), and 
loss of organ function (22–24).

We used the definition of infection and sepsis as described by 
Levy et al (25), which was modified according to the original defi-
nitions recommended by the American College of Chest Physi-
cians and the Society of Critical Care Medicine (26, 27). All clini-
cians involved in the study were blinded to the PSP results but 
were aware of the WCC, CRP, IL-6, and PCT values from the local 
biochemistry and hematology department, as part of the routine 
clinical tests performed.

Statistical Methods
Continuous variables were compared with the Student’s t test, 
Mann-Whitney U test, one-way ANOVA, and Kruskal-Wallis 
test, where appropriate. Differences among proportions derived 
from categorical data were compared using the Fischer’s exact 
test or the Pearson chi-square test, where appropriate. All p val-
ues were two-sided and considered statistically significant if p ≤ 
0.05. The Kruskal-Wallis test (nonparametric ANOVA) was used 
to identify differences among the median values of WCC, CRP, 
IL-6, PCT, PSP, APACHE II score, and MPI Score with respect 
to the grouped severity and localization of peritonitis, as well as 
for death (28–30). Multiple comparisons were then performed 
to identify significant differences among the comparisons men-
tioned above with the use of the Dunnett T3 correction (31–35). 
Sensitivity, specificity, accuracy, positive predictive value, nega-
tive predictive value, positive likelihood ratio, negative likeli-
hood ratio, Yuden’s Index, diagnostic odds ratio (OR), and the 
ROC curve were also calculated (16, 36–39). Multiple pairwise 
comparisons of the areas under the curve (AUC) on ROC curve 
analysis were performed to identify their significant differences 
among the blood parameters and among the clinical scores, ac-
cording to the DeLong test. The binary logistic and COX regres-
sion models (backward conditional step-wise) were used to iden-
tify independent predicting factors (WCC, CRP, IL-6, PCT, PSP 
and MPI, APACHE, SOFA) of death, adjusted for age and gen-
der. Data are presented as mean (SD), median (interquartile range, 
IQR), and OR (95% confidence interval) where appropriate.  
Reproducibility of PSP measurements were performed by du-
plicating the samples, and the variability was assessed by the 
Pearson’s Correlation Coefficient. Statistical analysis was per-
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TAbLE 1. Patient Characteristics of the 91 Patients With Peritonitis Included in This Study

Patient Characteristics n = 91

Age, median (IQR) 66 (50–72)

Gender, male/female, number (%) 53/38 (58%/42%)

Diagnosis, number (%) –

Benign vs. malignant 62/29 (68%/32%)

Colon perforation 20 (22%)

Small bowel perforation 19 (21%)

Gastric perforation 17 (19%)

Pancreatic tumor 14 (15%)

Gall bladder empyema 8 (9%)

Mesenteric ischemia 7 (8%)

Liver abscess rupture 4 (4%)

Appendicular perforation 2 (2%)

Mannheim Peritonitis Index score,a median (IQR) 30 (20–33)

Acute Physiology and Chronic Health Evaluation score,b median (IQR) 18 (14–26)

Sequential Organ Failure Assessment score, median (IQR) 6 (3–10)

Catecholamines at admission, number (%) yes/no 50/41 (55%/45%)

Dobutamine and noradrenaline, number (%) 25 (27%)

Noradrenaline, number (%) 21 (23%)

Dobutamine, number (%) 4 (5%)

PaO2/ FIO2 ratio, median (IQR) 226.7 (164.4–322.0)

White cell count, median (IQR) 15 (11–20)

C-reactive protein, median (IQR) 222 (143–291)

Interleukin-6, median (IQR) 88 (34–375)

Procalcitonin, median (IQR) 1.07 (0.27–6.10)

Pancreatic stone protein, median (IQR) 125 (25–419)

Organ failure, number (%) yes/no 61/30 (67%/33%)

Organ failure, median number of organs (IQR) 2 (0–3)

Renal replacement therapy, number (%) yes/no 22/69 (24%/76%)

Intra-abdominal complicationsc, number (%) yes/no 4/87 (4%/96%)

Re-laparotomy, number (%) yes/no 48/43 (53%/47%)

Mortality rate, number (%) 23/91 (25%)

Multiorgan failure 19 (20%)

Acute respiratory distress syndrome 2 (2%)

Cardiac arrest 1 (1%)

Hemorrhagic shock 1 (1%)

IQR = interquartile range.
aPerformed on suspicion of peritonitis. The official cut-off point for a positive Mannheim Peritonitis Index score is ≥ 26.
bA severity-of-disease classification system and applied within 24 hrs of admission of a patient to an ICU.
cTwo patients developed a chronic fistula and two developed intra-abdominal adhesions causing bowel obstruction.
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formed using SPSS Statistics version 20 (SPSS: An IBM Company,  
Chicago IL) with the exception of the multiple pairwise compari-
sons of the AUC that were performed by MedCalc version 12.3 
(MedCalc Software. Mariakerke, Belgium).

RESULTS

Participants
A total of 91 patients were included in this study, with patient 
characteristics and clinical parameters listed in Table 1.

Association of blood Parameters With Clinical 
Conditions and Outcomes
Table 2 demonstrates the association of WCC, CRP, IL-6, PCT, 
and PSP with different clinical conditions, such as the severity  
and localization of peritonitis, the presence of organ failure, 
and mortality in the ICU. PSP was the only blood parameter 

that significantly differed among all different clinical conditions 
and nearly all of their subgroups on univariate analysis (Table 2,  
Figures 1–2, Table S3 and Fig. S5, see Supplemental Digital Con-
tent 1, http://links.lww.com/CCM/A575). Furthermore, PSP and 
PCT were the only blood parameters with a predictive value for 
the need of renal replacement in the ICU (Fig. S2, Supplemental 
Digital Content 1, http://links.lww.com/CCM/A575).

blood Parameter and Clinical Score Correlation
PSP best correlated with the clinical scores (MPI, APACHE II, and 
SOFA scores) when compared with WCC, CRP, IL-6, and PCT  
Table S1 and Fig. S2, see Supplemental Digital Content 1, http://links.
lww.com/CCM/A575). Similarly, PSP was the only blood parameter 
that significantly differed among the clinical scores when grouped ac-
cording the cut-off points generated by the ROC curves (Table S2 
and Fig. S3, Supplemental Digital Content 1, http://links.lww.com/
CCM/A575).

TAbLE 2. Differences of blood Parameters of the 91 Patients With Different Clinical Conditions

WCC CRP IL-6 PCT PSP

 Number Median 
(IQR)

p Median 
(IQR)

p Median  
(IQR)

p Median 
(IQR)

p Median  
(IQR)

p 

Localizationa

 Local-
ized

26 16.5  
(8.6–19.6)

0.743 194  
(107.1–248.7)

0.015 84.6  
(46.4–1086.5)

0.281 1.45  
(0.28–7.39)

0.201 30.6  
(19.7–262.17)

0.009

 Diffuse 65 14.5 (11.6–
19.8)

– 237.0  
(159.7–334.0)

– 90.8  
(26.6–336.3)

– 0.90  
(0.18–6.00)

– 140.1  
(28.9–518.1)

–

Severity

 Minor 30 14.7  
(11.3–19.4)

Reference 212.6  
(107.1–255.7)

Reference 99.7  
(46.2–1172)

Reference 0.85  
(0.17–5.04)

Reference 30.3  
(21.7–234.3)

Referenceb

 Moder-
ate

50 14.8  
(11.6–21.7)

0.903 213.5  
(142.0–337.3)

0.241 75.5  
(24.9–312.6)

0.229 1.07  
(0.18–6.10)

0.432 122.3  
(24.0–521.8)

0.028

 Severe 11 15.1  
(3.0–19.3)

0.759 243.5  
(188.0–316.6)

0.088 147.4  
(62.9–496.1)

0.977 1.13  
(0.62–7.34)

0.929 201.3  
(136.5–514.5)

0.061

Organ failure

 None 30 17.8  
(12.9–20.0)

Reference 240.4  
(142.7-281-7)

Reference 59.4  
(21.6–175.8)

Reference 0.40  
(.013–1.42)

Reference 25.4  
(19.4–108.0)

Reference

 1–3  
Organs

55 13.5  
(9.3–19.3)

0.264 214.4  
(145.8–255.9)

0.885 104.8  
(45.0–359.4)

0.983 1.31  
(0.47–8.41)

0.140 185.9  
(47.8–500.9)

<0.001

 > 3  
Organs

6 18.9  
(13.6–27.5)

0.941 248.4  
(337.6–1019.6)

0.996 1019.6  
(360.0–5534.0)

0.634 14.60  
(6.00–40.78)

0.380 721.4  
(514.5–830.5)

0.047

Status

 Alive 68 14.7  
(11.6–19.7)

0.595 228.6  
(143.9–286.5)

0.615 67.9  
(24.9–312.6)

0.960 0.83  
(0.15–4.84)

0.142 75.0  
(20.8–230.5)

0.003

 Dead 23 15.1  
(8.7–20.0)

– 188.0  
(142.7–316.6)

– 159.3  
(72.3–511.2)

– 1.19  
(0.62–19.52)

– 499.3  
(136.5–625.5)

–

IQR = interquartile range; WCC = white cell count, CRP= C-reactive protein, IL-6 = interleukin-6, PCT = procalcitonin, PSP = pancreatic stone protein; – = not applicable.
aThe Tests for Several Independent Samples procedure compares two or more groups of cases on one variable. The Kruskal-Wallis H test, an extension of the Mann-
Whitney U test, is the nonparametric analog of one-way analysis of variance and detects the overall differences in distribution location. Post hoc multiple comparisons 
determine which of the sub-group medians significantly differ from the first group. As equal variances were not assumed, the Dunnett’s pairwise comparison test was 
chosen. For all subgroups, the first subgroup was used to compare with the remaining groups. For example, for the severity group, the sub-group “None” was used to 
compare with the “Minor”, “Moderate”, and “Severe” subgroups.
bReference indicates the subgroup where the two other subgroups were compared with when performing pairwise comparisons.

http://links.lww.com/CCM/A575
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blood Parameters and Clinical Score Prediction of 
Death in the ICU
To evaluate the predictive value of each blood parameter, we 
first identified the ideal cut-off points to predict death in the 
ICU using ROC curve analysis. Based on the Yuden’s Index (giv-
ing equal weight to both sensitivity and specificity), the cut-off 
points identified are listed in Table 3. The positive and nega-
tive predictive value, the positive and negative likelihood ra-
tios, the relative risk, and OR were also calculated. Clearly, PSP 
was superior to WCC, CRP, IL-6, and PCT in predicting death  
in the ICU.

Figure 3 illustrates the ROC curves and indicates the area under 
the curve (AUC for all blood parameters compared among differ-
ent clinical conditions. On univariate analysis, PSP had the highest 
diagnostic efficacy of organ failure (presence vs. absence), multi-
organ failure (multiple vs. single or none), and predictive value for 
patient death in the ICU. PSP was superior to CRP, IL-6, and PCT, 
while WCC had the worst diagnostic efficacy and predictive value. 
Furthermore, on pairwise comparisons of the AUC, PSP was the 

only blood parameter that differed significantly among CRP, IL-6, 
PCT, and WCC.

Similarly, we assessed the clinical scores in predicting death 
in the ICU using ROC curve analysis. The SOFA score was supe-
rior to APACHE II or MPI score in predicting death in the ICU  
(Fig. S1, Supplemental Digital Content 1, http://links.lww.com/
CCM/A575). Figure 4 further illustrates the 90-day survival of pa-
tients with a PSP < 130 vs. ≥ 130, being 96% and 74%, respectively 
[COX regression hazard risk ratio: 6.48 (95% confidence interval 
1.45–28.97) p = 0.015].

We then compared the AUC generated by ROC curve analy-
sis among the blood parameters and the clinical scores (Table 3). 
Both SOFA score and PSP were significantly superior to the re-
maining parameters, while the AUC of the SOFA and PSP did not 
differ significantly (Table 3).

To further substantiate the potential of PSP as a predictive 
factor, we performed a multivariate stepwise regression analysis. 
Among all available blood parameters, PSP was the only indepen-

Figure 1.  Association of serum markers with organ failure in the intensive care unit. (A) White blood cell count (WCC), (B) C-reactive protein (CRP), (C) inter-
leukin-6 (IL-6), (D) procalcitonin (PCT), and (E) pancreatic stone protein (PSP) values. For statistical significance, see Table 2. The horizontal line within the boxes 
represents the median, whereas the lower part of the box represents the 25th and the upper part the 75th percentiles. The whiskers represent the range of the 
values, whereas the circles and the asterisks, the outliers (extreme values that deviate significantly from the rest of the sample).

http://links.lww.com/CCM/A575
http://links.lww.com/CCM/A575
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dent predicting factor for death in the ICU (Table 4). Similarly, 
among the clinical scores, SOFA and APACHE II were indepen-
dent predicting factors for death in the ICU (Table S4, Supple-

mental Digital Content 1, http://links.
lww.com/CCM/A575).

DISCUSSION
Peritonitis in the postoperative setting is 
a multifaceted challenge. Patients with 
peritonitis may require intensive care, an-
tibiotic treatment, percutaneous drain-
age, or surgical re-intervention. Clinical 
decision-making is based on physical 
status, imaging results, and laboratory 
parameters. To assess the potential peri-
tonitis severity after surgery, we analyzed 
patients that exhibited various degrees 
of postoperative sepsis related complica-
tions including organ failure and death. 
This study demonstrates that PSP is an 
excellent predictor of sepsis related death 
when compared with other blood param-
eters such as WCC, CRP, IL-6 and PCT.

PSP was originally identified in calci-
fied concrements from pancreatic ducts 
(40). Later, the same protein was inde-
pendently cloned and sequenced from 
regenerating pancreatic islets (41). Up 
to date, analyses revealed that PSP is ex-
pressed in various cell types in the gas-
trointestinal tract (42). During inflam-
mation and/or tumour development, 
PSP is transiently up-regulated, e.g., in 
the pancreas, the small intestine, and the 
stomach (43). The active role of PSP is 
still debated and, depending on the situ-
ation, it may act as mitogen, a protective 

or antiapoptotic molecule, or as a molecule with the potential to 
aggregate bacteria (44). PSP is part of a multigene family with 
various isoforms found in the pancreatic acinar and in the intesti-

Figure 3.  ROC curve analysis of blood parameters with different clinical outcomes. (A) Area under the curve (AUC) of serum blood markers for organ failure 
(yes vs. no), (B) multiorgan failure (no or single vs. multiple), and (C) death in the ICU. The value of the AUC for each blood parameter and the 95% confidence 
intervals are listed on the bottom right of each figure. * indicates a p value of < 0.05, whereas ** indicates < 0.001.

Figure 2.  Association of serum markers with mortality in the intensive care unit. (A) White blood cell 
count (WCC), (B) C-reactive protein (CRP), (C) interleukin-6 (IL-6), (D) procalcitonin (PCT), and (E) 
pancreatic stone protein (PSP) values. For statistical significance, see Table 2. For explanation of boxes and 
whisker, see Figure 1.

http://links.lww.com/CCM/A575
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nal paneth cells. PSP (PSP/reg I) is constitutively expressed at low 
levels and is strongly increased under inflammatory situations. 
Other family members include pancreatitis associated protein/reg 
III and reg IV. In the mouse, reg IIIγ an isoform present predomi-
nantly in the small intestine, appears responsive to the presence of  
bacteria (45).

Often times, the postsurgical immune reaction is independent 
of the severity of disease, basically the human body answers with 
a cytokine burst, resulting in a rise of white cells and other mark-
ers such as CRP. Both WCC and CRP are known markers of septic 
complications after surgery. In a study of 135 patients that under-
went colorectal surgery, CRP at postoperative day 4 was found su-

TAbLE 3. blood Parameters and Clinical Scores Predicting Death in the Intensive Care Unit

Total: 
n = 91, 
deaths:  
n = 23, 
mortal 
ity rate: 
25%

Yuden’s  
Indexa

Cut-Off 
Pointa

AUC Accu 
racy

Sensi  
tivity

Speci 
ficity

Positive  
Predictive  

Valueb

Negative  
Predic 

tive  
Value

Positive  
Likelihood  

Ratiob

Negative  
Likelihood  

Ratioc

Odds  
Ratio

RRd pe

WCC 0.130 20 0.488 0.637 0.391 0.738 0.321 0.778 1.400 0.845 1.658 1.446 0.862

CRP 0.111 175 0.484 0.473 0.696 0.415 0.281 0.794 1.154 0.767 1.505 1.363 0.820

IL-6 0.339 90 0.637 0.625 0.739 0.600 0.386 0.864 1.179 0.446 3.988 2.833 0.520

PCT 0.270 0.5 0.634 0.516 0.870 0.400 0.328 0.257 1.442 0.329 4.390 3.279 0.058

PSP 0.413 130 0.775 0.670 0.783 0.615 0.419 0.896 2.129 0.344 6.192 4.019 <0.001

MPI 0.386 30 0.717 0.615 0.783 0.559 0.375 0.884 1.774 0.389 4.560 3.225 0.007

APACHE II 0.649 22 0.818 0.802 0.870 0.779 0.571 0.946 3.942 0.167 23.55610.667 <0.001

SOFA 0.664 10 0.876 0.835 0.826 0.838 0.633 0.934 5.107 0.207 26.614 9.658 <0.001

Pairwise comparisons of AUCd

WCC CRP IL-6 PCT PSP MPI APACHE II

Δ AUC  
(p)

Δ AUC  
(p)

Δ AUC  
(p)

Δ AUC  
(p)

Δ AUC  
(p)

Δ AUC  
(p)

Δ AUC  
(p)

WCC

CRP 0.004  
(0.965)

IL-6 0.125  
(0.208)

0.121 
(0.255)

PCT 0.122  
(0.211)

0.118 
(0.292)

0.003 
(0.961)

PSP 0.264  
(0.001)

0.259 
(0.010)

0.138 
(0.016)

0.141  
(0.008)

MPI 0.205  
(0.018)

0.201 
(0.038)

0.080 
(0.387)

0.083  
(0.359)

0.058  
(0.465)

APACHE II  0.310 
(<0.001)

0.305 
(0.003)

0.185 
(0.015)

0.188  
(0.015)

0.046  
(0.440)

0.104  
(0.096)

SOFA  0.363 
(<0.001)

 0.359 
(<0.001)

0.238 
(0.003)

0.241  
(0.001)

0.099  
(0.151)

0.158  
(0.007)

0.053  
(0.240)

AUC = area under the curve, WCC = white cell count, CRP = C-reactive protein, IL-6 = interleukin-6, PCT = procalcitonin, PSP = pancreatic stone protein MPI = 
Mannheim Peritonitis Index; APACHE = Acute Physiology and Chronic Health Evaluation; SOFA = Sequential Organ Failure Assessment; RR = relative risk.
aGrouped more vs. less than the cut-off point generated by ROC curves Yuden’s Index.
bValues > 2 are considered clinically significant.
cValues closer to 0 and < 0.20 are considered clinically significant.
dPairwise comparisons of the AUCs was performed according to the DeLong Test on ROC curve analysis. Δ indicates the difference of the AUC between the two blood 
values.
ep values were computed by the Fischer’s Exact test for categorical variables.
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perior to WCC in diagnosing postoperative septic complications 
(accuracy of 80% and 65%, respectively). On multivariate analysis, 
CRP was the only independent predictive factor of sepsis (OR: 14 
(46)). Similarly, in our study, CRP was superior to WCC in uni-

variate analyses. Recently, we showed that PSP is an excellent bio-
marker for patients with ventilatory-associated pneumonia (47) 
and a superior predictor of inflammation and sepsis when com-
pared with CPR, PCT, or IL-6 in patients admitted for severe poly-
trauma (15). PSP not only binds to neutrophils, but also elicits an 
activating response in polymorphonuclear cells. This may explain 
the higher diagnostic efficacy of PSP when compared with CRP or 
PCT where such as an association has not yet been established (48).

PCT is another promising marker for sepsis and is routinely used 
in many hospitals (49). PCT and IL-6 appear to be early markers of 
subsequent postoperative sepsis in patients undergoing major sur-
gery for cancer, when compared with CRP (50). PCT was thought 
to be helpful in monitoring the severity of infections and subsequent 
antibiotic treatment discontinuation; however, this has been recently 
disputed (51). In a study (52) of 69 postoperative patients (compared 
with 890 controls) diagnosed with severe sepsis within 24 hr preced-
ing their operation, PCT failed to exhibit a discriminative power early 
(up to day 3) after ICU admission for prediction of mortality. In a 
meta-analysis of nearly 4,000 patients in the ICU, PCT was found 
to be a good biological diagnostic marker and superior to CRP in 
predicting different severities of sepsis. PCT was recommended to be 
included in the diagnostic guidelines for sepsis and in clinical practice 
in ICUs (49). However, a recent meta-analysis concluded that PCT 
cannot reliably differentiate sepsis from other noninfectious causes 
of systemic inflammatory response syndrome in critically ill patients, 
discouraging its routine use in the critical care settings (53). PCT is 
currently met with reservations by many physicians as its use may be 
restricted to select situations only. A further consideration is the costs 
associated with the continuous determination of such parameters. It 
is thought that the cost of testing equals the cost of antibiotics saved 
without any reduction in mortality (54). PCT and IL-6 appear to be 
early markers of subsequent postoperative sepsis in patients undergo-

Figure 4.  COX regression 90-day survival analysis of the 91 patients admit-
ted to the ICU with peritonitis. The adjusted 90-day survival of patients with 
pancreatic stone protein (PSP) <130 vs. ≥130 was 96% and 74%, respective-
ly (hazard risk ratio: 6.48 (95% CI 1.45–28.97) p = 0.015). PSP values were 
adjusted to age, gender, white blood cell count, C-reactive protein,  
interleukin-6, and procalcitonin.

TAbLE 4. Independent blood Parameters as Predictors for Death in the ICU

ICU Death

Predictor Categories Number Odds Ratioa (95% CI) p

WCC <20 63 Reference

≥20 28 2.850 (0.833–9.758) 0.095

CRP <175 34 Reference

≥175 57 1.133 (0.342–3.761) 0.838

IL-6 <90 44 Reference

≥90 47 2.201 (0.611–7.931) 0.228

PCT <0.5 30 Reference

≥0.5 61 2.137 (0.364–12.556) 0.400

PSP <130 48 Reference

 ≥130 43 4.896 (1.406–17.049) 0.013

WCC = White cell count × 1000, CRP = C-reactive protein, IL-6 = interleukin-6, PCT = procalcitonin, PSP = pancreatic stone protein.
The binary logistic regression analysis method was backward stepwise (conditional).
Reference indicates to which the group was compared. 
 aAdjusted for age and gender.
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ing major surgery for cancer. These findings could allow identifica-
tion of postoperative septic complications (9, 50).

Clinical scores have a long tradition to assess complex clinical pic-
tures. The limitations of scores are dictated by either being fast but of 
low predictive value or time consuming with a higher accuracy. Both 
SOFA (55) and APACHE II (21) scores definitely show a higher as-
sociation with other clinical parameters. It was shown that during the 
first few days of ICU admission, the SOFA score is a good indicator 
of prognosis and that, independent of the initial score, an increase in 
SOFA score during the first 48 hr in the ICU predicts a mortality rate 
of at least 50% (55). Similarly in our study, the SOFA score had the 
highest predictive value of death in the ICU followed by the APACHE 
II score that was also an independent predictor of death. However, 
both scores require time-consuming data acquisition resulting in a 
lag time of approximately 24 hrs. For this reason, the MPI score (19) 
was also used which can be completed easier and faster. In compari-
son, PSP levels can be determined within a few hours after admission 
and hence provide a simple and fast parameter.

As the SOFA and APACHE II scores seems to be a more reliable 
predictor of sepsis, we focused on this score to compare PSP and 
other parameters. Indeed, the correlation was much higher than 
with the MPI. Despite its highly predictive value, the APACHE II 
score was not designed exclusively to patients with sepsis or peri-
tonitis. It does not take into account parameters such as the type 
of operation (emergency vs. elective) or exudates’ properties. Ma-
lik et al (56) demonstrated an association between increasing MPI 
or APACHE II and mortality, respectively, in 101 patients with 
peritonitis. With our data we would come to a similar conclusion, 
although the mortality was lower in our hospital. Furthermore, 
when patients were grouped according to a range of MPI points 
or APACHE II score (56), the mortality was 82% for an MPI score 
above 25 points and over 91% in patients with an APACHE II 
score over 20. Patients in our hospital with a similar disease sever-
ity had a somewhat lower mortality.

We also compared the AUC generated by ROC curve analysis 
among the blood parameters and the clinical scores. The SOFA 
score followed by the APACHE II and PSP were the best predic-
tors of death in the ICU. However, PSP did not differ significantly 
when compared with the SOFA and APACHE II scores.

This study has some limitations. There was no sample size cal-
culation performed during the study design; however, the post hoc 
power calculation showed that the endpoint comparisons in this 
study were all adequately powered (data not shown). The values 
of WCC, CRP, IL-6, and PCT were readily available to the clini-
cians, while PSP blood values were not. Possible false positive and 
false negative blood results may have altered the patient manage-
ment confounding the outcomes. However, WCC and CPP, for ex-
ample, are routine blood tests and the clinicians could not have 
been blinded to them for ethical purposes. This was a single-point 
study where blood parameters were assessed at the very beginning 
of the admission to the ICU. Multiple blood tests throughout the 
whole course after admission might have added more to this study. 
However, blood tests taken at admission to the ICU were consid-
ered clinically most relevant. Thus, those patients, for whom blood 
was not taken within three hours from admission to the ICU, were 
not included in this study. However, this was a random and not sys-

tematic situation and thus is unlikely to affect the results. Another 
limitation is that this was a single-center study, and the generaliza-
tion of the results has to be confirmed in ICUs from other centers.

CONCLUSIONS
In conclusion, we show that the postoperative serum PSP mea-
sured at admission to the surgical ICU is a reliable marker to dis-
criminate the severity of peritonitis and the prediction of death 
in the ICU, when compared with CRP, WCC, IL-6, and PCT. PSP 
might therefore provide a complementary parameter in the ICU 
or emergency department to assess the health status in patients 
suspected or at risk for septic events that may lead to death.
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