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Background: Pancreatic infections and sepsis are major complica-
tions in severe acute pancreatitis (AP) with significant impact on
management and outcome. We investigated the value of Procalci-
tonin (PCT) for identifying patients at risk to develop pancreatic
infections in severe AP.
Methods: A total of 104 patients with predicted severe AP were
enrolled in five European academic surgical centers within 96 hours
of symptom onset. PCT was measured prospectively by a semi-
automated immunoassay in each center, C-reactive protein (CRP)
was routinely assessed. Both parameters were monitored over a
maximum of 21 consecutive days and in weekly intervals thereafter.
Results: In contrast to CRP, PCT concentrations were significantly
elevated in patients with pancreatic infections and associated mul-
tiorgan dysfunction syndrome (MODS) who all required surgery
(n � 10) and in nonsurvivors (n � 8) early after onset of symptoms.
PCT levels revealed only a moderate increase in patients with
pancreatic infections in the absence of MODS (n � 7), all of whom
were managed nonoperatively without mortality. A PCT value of
�3.5 ng/mL on 2 consecutive days was superior to CRP �430 mg/L
for the assessment of infected necrosis with MODS or nonsurvival
as determined by ROC analysis with a sensitivity and specificity of
93% and 88% for PCT and 40% and 100% for CRP, respectively
(P � 0.01). The single or combined prediction of the two major
complications was already possible on the third and fourth day after

onset of symptoms with a sensitivity and specificity of 79% and 93%
for PCT �3.8 ng/mL compared with 36% and 97% for CRP �430
mg/L, respectively (P � 0.002).
Conclusion: Monitoring of PCT allows early and reliable assess-
ment of clinically relevant pancreatic infections and overall prog-
nosis in AP. This single test parameter significantly contributes to an
improved stratification of patients at risk to develop major
complications.

(Ann Surg 2007;245: 745–754)

Acute pancreatitis usually takes a mild, self-limiting course
with complete restitutio ad integrum. However, about

20% to 30% of all patients experience a severe attack, which
is almost uniformly associated with the morphologic correlate
of intrapancreatic and extrapancreatic necrosis.1 Depending
on the presence and extent of necrosis, pancreatic infections
are observed in 30% to 70% of patients and are associated
with a substantial increase of morbidity and mortality.2–4

Timely and accurate diagnosis of pancreatic infections is of
major importance because it strongly influences further ther-
apeutic decision-making. Whereas most patients with sterile
necrosis can be successfully managed by conservative means,3–5

proven pancreatic infections with systemic signs of sepsis
are an established indication for interventional or surgical
therapy.6,7

Facing this clinical dilemma, there is major interest in
a valid tool for the diagnosis of pancreatic infections and
sepsis. Beyond several multifactorial scoring systems,8 a
multitude of biochemical variables9 have been studied in
acute pancreatitis and proven to be good predictors of disease
severity. However, it is well documented that they are of little
value in discriminating pancreatic infections and associated
sepsis from systemic inflammatory response syndrome
(SIRS) in the absence of infections.10,11 Currently, guided
fine-needle aspiration (FNA) is still the procedure of choice
to establish the diagnosis of pancreatic infections.11,12 Unfor-
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tunately, the demand for high standard technical equipment
and personal experience as well as the potential risk of
complications do not render guided FNA an easily available
and cost-effective approach. An accurate and readily avail-
able biochemical parameter for identifying patients at risk to
develop pancreatic infections would definitely contribute to
an easier and safer diagnosis.

Procalcitonin (PCT) is the inactive 116 amino acid
pro-peptide of the biologically active hormone calcitonin. In
1993, Assicot et al first described significantly increased
concentrations of PCT in patients with bacterial and fungal
infections and sepsis.13 Hence, it has been largely confirmed
that PCT is the only one among a large array of biochemical
parameters, which closely correlates with the inflammatory
host response to microbial infections.14 In acute pancreatitis,
PCT has been shown to predict the development of infected
necrosis accurately.15–18 In other series, PCT was found to be
an excellent predictor of severity19 and organ failure20,21

within the first 24 hours after hospital admission or onset of
symptoms. However, a number of subsequent studies have
shown opposite results,22–25 and the clinical usefulness of this
parameter in acute pancreatitis still remains controversial. In
the absence of representative studies, we addressed this issue
by conducting the first prospective international multicenter
trial in patients with severe acute pancreatitis.

MATERIALS AND METHODS

Patients
Patients were recruited from December 1999 to March

2004 at the Department of General Surgery, University of
Ulm, Ulm, Germany, at the Department of General-, Visceral-,
and Vascular Surgery, University of the Saarland, Homburg/
Saar, at the Department of Surgery, Helsinki University
Central Hospital, Helsinki, Finland, at the Department of
Surgery and Gastroenterology, Pancreatic Unit, University of
Verona, Italy, and the Department of Visceral- and Trans-
plantation Surgery, University of Bern, Bern, Switzerland.
General exclusion criteria were 1) a time interval between
onset of abdominal symptoms and study inclusion �96
hours, 2) absence of SIRS,26 3) age of less than 18 years, 4)
hepatitis B, C, or HIV infection, and 5) psychoses except
delirium tremens. In addition, previous pancreatic interven-
tions or surgery due to the current attack of acute pancreatitis
was also an exclusion criterion.

General inclusion criteria for acute pancreatitis were
defined as 1) a time interval between onset of typical abdom-
inal symptoms and study inclusion of 96 hours and less, 2)
the presence of SIRS, and 3) informed consent according to
local rules. Specific inclusion criteria for severe acute pan-
creatitis were 1) at least 3-fold elevated serum amylase or
lipase levels, 2) the presence of intrapancreatic/extrapancre-
atic necrosis documented by contrast-enhanced CT or a
C-reactive protein (CRP) of �250 mg/L27 or alternatively at
least one failing organ system (pulmonary failure: arterial
pO2 �60 mm Hg at room air or mechanical ventilation, renal
failure: creatinine �180 �mol/L or hemofiltration/dialysis,
shock: systolic blood pressure �80 mm Hg over �15 min-

utes or pressure support) according to the Atlanta classifica-
tion system.28

Infection of pancreatic necrosis was diagnosed by
guided FNA and/or by intraoperative findings. FNA was
performed whenever infection of intrapancreatic/extrapancre-
atic necrosis was suspected by persisting or new onset clinical
and/or laboratory signs of sepsis after other sources of infec-
tions had been ruled out. Beyond the intraabdominal bacte-
riology, further microbiologic cultures from central venous/
arterial lines, blood, bronchoalveolar fluid, or urine were
taken and documented whenever suspicion of new onset or
persistent infection was raised. Multiorgan dysfunction syn-
drome (MODS) was defined as the presence of 2 or more
failing organ systems requiring specific ICU treatment, such
as mechanical ventilation, hemofiltration/dialysis, or pressure
support. Septic MODS was defined as MODS in the presence
of an infectious focus documented by positive bacteriology.

In all study centers, initial treatment of acute pancre-
atitis was conservative, including intensive care support and
administration of adequate prophylactic antibiotics according
to local treatment protocols. If biliary pancreatitis was sus-
pected, early endoscopic retrograde cholangiography with
papillotomy was performed. Indications for surgery were
either documented infection of pancreatic necrosis with sys-
temic signs of sepsis or persistent organ failure/abdominal
symptoms despite maximum intensive care support in the
absence of positive FNA results.

Study Design
PCT (upper reference range 0.5 ng/mL in healthy

subjects) was prospectively analyzed in a real time fashion in
each study center by a semi-automated chemoluminescent
immunoassay (LUMITEST-PCT, BRAHMS Diagnostica
AG, Hennigsdorf, Germany). CRP (upper reference range 5
mg/L in healthy subjects) was determined as a routine pa-
rameter on automated analyzers in each center. Both param-
eters were measured over a maximum of 21 consecutive days
and thereafter in weekly intervals until hospital discharge or
death. APACHE II (acute and chronic health evaluation)29

and SOFA (sequential organ failure assessment)30 scores
were calculated in 24-hour intervals after study inclusion
during the total observation period. All clinically relevant
data such as results of diagnostic imaging procedures, surgi-
cal procedures, type and duration of specific ICU and antibi-
otic treatment, vital parameters, and routine laboratory vari-
ables were documented in standardized case report forms
(CRFs). In 6-month intervals, each patient’s completed CRF
was reviewed at an investigator’s monitoring visit to ascertain
eligibility for the study and to check for appropriate docu-
mentation. Each center obtained approval from the local
research ethics committees.

Statistics
The primary endpoint analyzed was bacteriologically

proven pancreatic infection, secondary endpoints were pan-
creatic infections with and without organ failure/MODS, type
of organ failure, MODS in general, and nonsurvival. Descrip-
tive data are presented as absolute numbers (percentages) or
as medians with interquartile ranges or 95% confidence
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intervals. For comparison of independent samples, we used
exact Wilcoxon rank sum tests and for comparison of pro-
portions Fisher’s exact tests. P values �0.05 at an � � 0.05
were considered significant.

To study the differences in PCT as well as in CRP
courses of patients with or without MODS, infected necrosis
or both, Gaussian repeated measurement mixed models were
fitted to the observed log PCT or log CRP values. The model
class was chosen to account for autocorrelation between
repeated measurements and to correct for differences in
observation time. Logarithmic transformations were used to
better meet the normal assumptions of the Gaussian model.
To test whether patients with infected necrosis, MODS, or the
combination of both had elevated PCT or CRP levels as
compared with patients without these complications revealed
different curve shapes, each factor was included twice in the
model, as main factor as well as interaction term with time.
Further, to test whether the PCT or CRP levels of patients
with infected necrosis and MODS were just the sum of the 2
effects or not, an interaction term between infected necrosis
and MODS was added to the model. The resulting group-
specific PCT or CRP curves are presented graphically on a
log scale as modeled.

Similarly, in a second step, center was added to the
model. If significant center differences effects were present, it
was tested whether these differences could be explained by
age or sex differences, by the etiology or by differences in
time from symptom onset to inclusion. Finally, the presence
of necrosis, pulmonary or renal insufficiency, cardiovascular
shock, and nonsurvival were tentatively added to the model to
clarify whether PCT levels reflect these parameters. They
were kept in the final model if their regression coefficients
were significant.

Receiver operating characteristic (ROC) curves and the
respective areas under the curve were calculated for the
maximum value of each parameter reached on at least 2 days
during the whole observation period to determine overall
cutoff levels. To assess the early predictive value, the highest
PCT and CRP concentrations on day 3 and day 4 after onset
of symptoms were subjected to ROC analysis. The best cutoff
was chosen as the value, which maximized the Phi-statistic
that is based on Pearson’s �2 test. The predictive power of
indicators was additionally demonstrated by calculating sen-
sitivity, specificity, PPV (positive predictive value), and NPV
(negative predictive value) of the sample in the usual way,
using the optimal cutoff.

RESULTS

Disease Severity, Treatment, and Outcome
A total of 113 patients with severe acute pancreatitis

were enrolled in the study, of whom 9 were excluded because
they did not meet the inclusion criteria; 104 patients with
predicted severe acute pancreatitis were eligible and under-
went further analysis. The patient numbers recruited by each
center were as follows: Bern, Switzerland, n �12; Helsinki,
Finland, n� 55; Homburg, Germany, n � 4; Ulm, Germany,
n � 20; Verona, Italy, n � 13. There were 73 male (70%) and
31 female (30%) patients, the median time between symptom

onset and study inclusion was 48 hours (range, 1–96 hours),
the median age of the study population was 50 years (range,
19–91 years). The median time interval between symptom
onset and study inclusion revealed no difference between the
centers. The median patients’ age considerably differed be-
tween the centers (P � 0.00001).

The etiology of pancreatitis was alcoholic in 60 patients
(58%), biliary in 28 patients (27%), and related to other
factors in 16 patients (15%). The incidence of local and
infectious complications, as well as specific treatment is
summarized in Table 1. Among the 17 patients with docu-
mented pancreatic infections, 12 had primary infected necro-
sis and 5 patients developed secondary pancreatic infections
after surgery for sterile necrosis. Pancreatic infections were
diagnosed 21 days (median, range 2–36 days) after onset of
symptoms. Ten patients with infected necrosis were treated
operatively by open necrosectomy, all of them presented with
early and persistent MODS, 3 of them died (30%). Seven
patients with FNA-proven infected necrosis were managed
nonoperatively (six completely conservatively, one by inter-
ventional, CT-guided percutaneuos drainage), none of them
presented with persistent organ failure or MODS at any time
during the hospital stay and all of them survived. Five deaths
occurred in patients with sterile necrosis (9.1%) who all
suffered from persistent MODS. One death occurred within
72 hours and another 2 within the first week after onset of
symptoms, the remaining 5 deaths were observed beyond the
the first week, 2 of them after surgical treatment. Median age
and etiology did not differ between survivors and nonsurvi-
vors. The overall disease severity in terms of APACHE II and

TABLE 1. Overall Disease Severity, Local/Infectious
Complications, and Treatment in Patients With Severe Acute
Pancreatitis

Total (n � 104)

Local/infectious complications

Intrapancreatic necrosis* n � 72 (69%)

�30% n � 36 (50%)

30%–50% n � 18 (25%)

�50% n � 18 (25%)

Extrapancreatic necrosis* n � 81 (78%)

Infected necrosis n � 17 (16%)

Pulmonary infections n � 16 (15%)

Catheter infections n � 21 (20%)

Urinary tract infections n � 16 (15%)

Treatment

Surgical treatment† n � 13 (13%)

Interventional treatment† n � 4 (4%)

ICU treatment n � 84 (81%)

Length of ICU stay (days) 8 (1–129)

Antibiotic treatment n � 102 (98%)

Length of AB treatment (days) 13 (1–129)

Length of hospital stay (days) 16 (1–135)

*Proven by contrast-enhanced CT or intraoperatively.
†Surgical treatment: open necrosectomy; interventional treatment: CT-guided per-

cutaneous drainage.
Data are medians and ranges or absolute number and percentages.
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SOFA scores within the first 24 hours after study inclusion
and the incidence and onset of organ failure related to the day
of acute pancreatitis is summarized in Table 2. The overall
mortality rate was 7.7% (Table 2).

Overall Course of PCT and CRP
Patients who developed infected necrosis revealed an

early and sustained PCT increase with higher concentrations
than in sterile necrosis or edematous pancreatitis. PCT ele-
vation was most expressed in patients with infected necrosis
and associated MODS with higher levels compared to pa-
tients with infected necrosis in whom persistent organ failure
and MODS were absent or in patients with a sterile course
(Fig. 1A). In all nonsurviving patients with severe acute
pancreatitis, a similar course of PCT was observed. PCT
concentrations remained significantly elevated throughout the
course of the disease in nonsurvivors, whereas levels quickly
returned to normal ranges in surviving patients (Fig. 2A). In
contrast, CRP values did not show differences between pa-
tients with infected necrosis and MODS, infected necrosis
without organ failure, and sterile necrosis/edematous pancre-
atitis (Fig. 1B), surviving and nonsurviving patients (Fig.
2B), within the first week after onset of symptoms.

Gaussian repeated measurement mixed-model analysis
including all values up to day 21 after disease onset revealed
that PCT levels were higher in patients with infected necrosis
(by factor 2.2; 95% CI, 1.1–4.4, P � 0.001) and in patients
with MODS (by factor 2.4; 95% CI, 1.4–4.0, P � 0.001). If
patients developed MODS and infected necrosis, the effects
were additive (interaction test, not significant). However, the
curve shape was significantly different, if MODS is present
(P � 0.001), because PCT elevations persisted longer (Fig.
3A). PCT levels differed significantly between centers (P �
0.001). The differences could not be explained by age, sex,
etiology, or differences in inclusion times. Further elevations
of PCT levels were observed in patients with renal insuffi-

ciency or dialysis/hemofiltration (P � 0.001), with shock or
pressure support (P � 0.017) and in patients who subse-
quently died (by factor 3.1; 95% CI, 1.5–6.4, P � 0.003, after
adjustment for all other significant regressors).

Gaussian repeated measurement mixed-model analysis
comprising all values up to day 21 after disease onset showed
that CRP levels were higher in patients with infected necrosis
(by factor 5.4; 95% CI, 3.1–9.3, P � 0.009) and in patients
with MODS (by factor 2.0; 95% CI, 1.5–2.8, P � 0.001). If
patients developed MODS and infected necrosis, the effects
were simply additive (interaction test, not significant). How-
ever, other as with PCT, the curve shape was significantly
different if infection was present (P � 0.001) because CRP
elevations persisted longer (Fig. 3B). CRP levels did not
differ between centers. Further elevations of CRP levels were
observed in patients with pulmonary insufficiency or mechan-
ical ventilation (P � 0.005) and in patients with shock or
pressure support (P � 0.013), but not in patients who subse-
quently died.

Overall Predictive Value of PCT and CRP
In patients with severe acute pancreatitis who devel-

oped infected necrosis, infected necrosis with MODS, or
subsequently died, significantly higher maximum PCT con-
centrations were found as compared to patients in whom
these complications were absent. No comparable differences
were observed for CRP (Table 3). The overall pancreatitis-
specific cutoff levels assessed by ROC analysis were based
on the maximum PCT and CRP concentration, which was
reached on at least 2 consecutive days within the total
observation period. PCT was found to have the closest cor-
relation with the development of infected necrosis associated
with MODS (AUC � 0.86; 95% CI, 0.80–0.90) and nonsur-
vival (AUC � 0.91; 95% CI, 0.87–0.95) or the combination
of both (AUC � 0.89; 95% CI, 0.84–0.93). The presence of
infected necrosis alone revealed a lower correlation (AUC �
0.78; 95% CI, 0.72–0.84). In contrast, CRP revealed a lower
or no correlation with infected necrosis and associated
MODS (AUC � 0.79; 95% CI, 0.73–0.82; P � not signifi-
cant, CRP vs. PCT), nonsurvival (AUC � 0.58; 95% CI,
0.51–0.64; P � 0.002 CRP vs. PCT) or the combination of
both (AUC � 0.67; 95% CI, 0.60–0.74, P � 0.01 CRP vs.
PCT), or infected necrosis alone (AUC � 0.68; 95% CI,
0.61–0.74; P � not significant, CRP vs. PCT). Table 4 shows
the optimum cutoff levels with the respective sensitivity, spec-
ificity, and positive and negative predictive values at the calcu-
lated cutoff levels for the assessment of each complication.

Early Predictive Value of PCT and CRP
To assess the clinical usefulness of both parameters for

the early assessment of septic complications and overall
outcome, PCT and CRP values of the third and fourth day of
the disease were analyzed. As shown by Figures 1 to 3, PCT
concentrations revealed striking differences early in the
course of the disease depending on the presence or absence of
infected necrosis associated with MODS and nonsurvival,
whereas CRP values did not differ. In patients with severe
acute pancreatitis, the optimum cutoff levels and the results
for the early assessment of septic complications and nonsur-

TABLE 2. Overall Disease Severity, Incidence, and Onset of
Organ Failure/Mortality in Patients With Severe Acute
Pancreatitis

Total (n � 104)
Occurrence Related
to Disease Onset*

APACHE II 24 hr† 8 (0–26) —

SOFA 24 hr† 3 (0–13) —

Pulmonary failure n � 68 (65%) 3 (1–7)

Mechanical ventilation n � 28 (27%) 4 (2–15)

Renal failure n � 25 (24%) 2 (1–20)

Dialysis/hemofiltration n � 10 (10%) 6 (3–24)

Shock n � 27 (26%) 3 (1–22)

Pressure support n � 26 (25%) 3 (1–22)

MODS n � 28 (27%) 3 (1–22)

Septic MODS n � 18 (17%) 9 (3–22)

Mortality n � 8 (7.7%) 14 (2–129)

*Occurrence of organ failure/severe organ failure/mortality related to the day of
disease.

†APACHE II and SOFA score within the first 24 hourser study inclusion.
Data are medians and ranges or absolute number and percentages. MODS, multi-

organ dysfunction syndrome.
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vival were similar to those obtained for the overall analysis.
For ROC analysis, the peak PCT and CRP concentrations of
day 3 and day 4 of severe acute pancreatitis were used and

revealed corresponding results with the same cutoff levels for
day 3 and for day 4 as well as for the peak concentrations of day
3 or 4, which are shown in Table 5. Comparing the calculated

FIGURE 1. Course of PCT (A) and CRP (B) (medians, upper and lower quartiles) in severe acute pancreatitis in the patient
groups with infected necrosis and MODS, infected necrosis without organ failure, and sterile necrosis/edematous pancreatitis
irrespective of organ failure. Values are related to the onset of symptoms. Significant differences between patients with in-
fected necrosis and MODS versus the other 2 groups were observed from day 3 to 21 (P � 0.005–0.0001) for PCT and from
day 5 to 21 (P � 0.006–0.0001) for CRP.
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AUCs of PCT and CRP for predicting infected necrosis
(PCT: AUC � 0.76; 95% CI, 0.67–0.84; CRP: AUC � 0.60;
95% CI, 0.50–0.69; P � 0.08), infected necrosis associated
with MODS (PCT: AUC � 0.83; 95% CI, 0.75–0.90; CRP:
AUC � 0.64; 95% CI, 0.54–0.74; P � 0.06), nonsurvival

(PCT: AUC � 0.91; 95% CI, 0.84–0.96; CRP: AUC � 0.60;
95% CI, 0.50–0.69; P � 0.006), and the combination of
infected necrosis with MODS and nonsurvival (PCT: AUC �
0.87; 95% CI, 0.78–0.92; CRP: AUC � 0.60; 95% CI,
0.50–0.69; P � 0.002) identified PCT superior to CRP.

FIGURE 2. Course of PCT (A) and CRP (B) (medians, upper and lower quartiles) in nonsurvivors and survivors with severe
acute pancreatitis. Values are related to the onset of symptoms. Significant differences between nonsurvivors and survivors
were observed from day 2 to 21 (P � 0.03–0.001) for PCT and from day 8 to 18 (P � 0.05–0.004) for CRP.
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TABLE 3. Maximum PCT and CRP Concentrations in Patients With Infected Necrosis, Infected
Necrosis, and MODS, and Nonsurvivors (median, 95% CI)

Positive 95% CI Negative 95% CI P

Infected necrosis n � 17 n � 87

PCT max 1 (ng/mL) 9.7 2.0–18.8 1.3 0.9–1.6 �0.0002

PCT max 2 (ng/mL) 8.2 1.7–12.2 1.0 0.6–1.4 �0.0002

CRP max 1 (mg/L) 351 266–474 314 288–343 NS

CRP max 2 (mg/L) 310 250–436 269 243–298 �0.03

Infected necrosis � MODS n � 10 n � 94

PCT max 1 (ng/mL) 14.2 8.7–54.2 1.4 1.0–1.8 �0.0001

PCT max 2 (ng/mL) 10.7 5.3–29.7 1.1 0.7–1.4 �0.0001

CRP max 1 (mg/L) 452 272–572 311 288–341 �0.01

CRP max 2 (mg/L) 389 246–493 265 246–295 �0.01

Death n � 8 n � 96

PCT max 1 (ng/mL) 22.0 5.6–56.9 1.4 1.0–1.8 �0.00001

PCT max 2 (ng/mL) 16.7 3.7–51.5 1.0 0.7–1.4 �0.00001

CRP max 1 (mg/L) 338 166–771 324 289–344 NS

CRP max 2 (mg/L) 304 41–520 274 248–300 NS

PCT max 1 reached on day 4 (median, range 1–23) after disease onset. PCT max 2 reached on day 4 (median, range 1–21) after
disease onset. CRP max 1 reached on day 4 (median, range 1–10) after disease onset. CRP max 2 reached on day 4 (median, range 1–11)
after disease onset.

NS indicates not significant.

FIGURE 3. Gaussian repeated measurement
mixed models of PCT (A) and CRP (B) in
severe acute pancreatitis in patients with
infected necrosis and associated MODS
(MODS� IN�), infected necrosis without
MODS (MODS� IN�), MODS without pan-
creatic infections (MODS� IN�), and pa-
tients without pancreatic infections or
MODS (MODS� IN�). Values are related to
the onset of symptoms.
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DISCUSSION
The results of our prospective multicenter trial could

show that PCT does not allow the prediction of pancreatic
infections in general. However, PCT was found to be a
reliable means to predict clinically relevant infected necrosis,

which was always associated with MODS and ultimately
required operative intervention. In addition, PCT proved to be
an excellent variable to assess overall prognosis throughout
the course of severe acute pancreatitis. Unlike other proposed
laboratory parameters for severity stratification such as
trypsinogen activation peptide,31 the diagnostic accuracy of
PCT was not limited to a specific time interval after onset of
symptoms. PCT was able to identify patients at risk to
develop the 2 major complications, infected necrosis and
death, before they ultimately occurred with high sensitivity
and specificity. In both instances, PCT was superior to the
widely used biochemical “gold standard” CRP. We could
also confirm that PCT is no parameter for depicting “severe”
cases as defined by the Atlanta system. The current study thus
contributes to shed further light on the still existing contro-
versies about the usefulness of PCT determinations in acute
pancreatitis. In this context, confusion arose from hardly
comparable monocentric studies, which comprised limited
patient numbers and suffered from nonuniform definitions of
endpoints or complications.15–25

At present, increasing demands for optimum medical
and ICU care have to be covered despite limited healthcare
resources. Abdominal infections require a multitude of spe-
cific diagnostic and therapeutic measures and considerably
add to overall healthcare expenses.32 The high specificity and
negative predictive values for clinically relevant infected
necrosis and nonsurvival could therefore serve as a helpful
means to select those patients in whom further cost-intensive
diagnostic and therapeutic procedures such as repeated CT
scans, guided FNA, prolonged antibiotic treatment, and ICU
therapy are not necessary. In the daily clinical practice, PCT
determinations have previously been shown as helpful guide
for goal-directed antibiotic therapy in lower respiratory tract
infections33 and in elective colonic surgery.34 In scientific
respect, PCT could contribute to improved severity stratifi-
cation and a better selection of patients for diagnostic or
therapeutic trials, which is still a compelling problem in acute
pancreatitis.35,36 Since a fully automated test system for PCT
analysis has recently been introduced, single determinations
with a laboratory turnaround time of about 30 minutes are
possible.37 In the present study, PCT determinations were
still performed by a semi-automated technique requiring
manual pipetting of the samples. This may in part explain the
center-specific differences of this parameter in contrast to
CRP, which, however, had no influence on the overall results
of the study.

It is important to emphasize that PCT is no substitute
for careful history and clinical examination of the individual
patient. The cutoff levels of PCT for predicting septic com-
plications or overall prognosis are disease dependent and vary
considerably among different inflammatory conditions.14

Moreover, PCT is a nonspecific marker of bacterial/fungal
infection and sepsis and does not provide any information
about the underlying source of infection. In severe abdominal
inflammation, sources other than the abdomen such as pul-
monary, urinary tract, or catheter infections are frequently
observed in critically ill patients and need to be carefully
taken into account when interpreting PCT measurements.

TABLE 4. Sensitivity, Specificity, PPV, NPV, and Optimum
Cutoff Levels for the Overall Assessment of Major
Complications in Severe Acute Pancreatitis

Cutoff
Sensitivity

(%)
Specificity

(%)
PPV
(%)

NPV
(%)

Infected necrosis

PCT (ng/mL) �4.0 65 89 52 93

CRP (mg/L) �390 41 92 50 89

Infected necrosis �
MODS

PCT (ng/mL) �5.6 90 89 47 99

CRP (mg/L) �430 50 99 83 95

Death

PCT (ng/mL) �3.5 100 82 32 100

CRP (mg/L) �310 63 67 14 96

Infected necrosis �
MODS or
death

PCT (ng/mL) �3.5 93 88 56 99

CRP (mg/L) �430 40 100 100 91

Analysis was based on the highest PCT and CRP value, which was reached on at
least 2 consecutive days within the total observation period. Infected necrosis: AUC
PCT vs. CRP: P � NS. Infected necrosis � MODS: AUC PCT vs. CRP: P � NS.
Death: AUC PCT vs. CRP: P � 0.002. Infected necrosis � MODS and death: AUC
PCT vs. CRP: P � 0.01.

NS indicates not significant.

TABLE 5. Sensitivity, Specificity, PPV, NPV, and Optimum
Cutoff Levels for the Early Assessment (day 3 and 4)* of
Major Complications in Severe Acute Pancreatitis

Cutoff
Sensitivity

(%)
Specificity

(%)
PPV
(%)

NPV
(%)

Infected necrosis

PCT (ng/mL) �1.5 82 69 34 95

CRP (mg/L) �420 35 93 50 88

Infected necrosis �
MODS

PCT (ng/mL) �3.8 80 90 47 98

CRP (mg/L) �440 40 96 50 94

Death

PCT (ng/mL) �3.8 86 89 35 99

CRP (mg/L) �310 71 59 11 97

Infected necrosis �
MODS or
death

PCT (ng/mL) �3.8 79 93 65 97

CRP (mg/L) �430 36 97 63 91

*ROC analysis was based on the peak PCT and CRP concentrations of day 3 or 4.
Infected necrosis: AUC PCT vs. CRP: P � 0.08. Infected necrosis � MODS: AUC

PCT vs. CRP: P � 0.06. Death: AUC PCT vs. CRP: P � 0.006. Infected necrosis �
MODS and death: AUC PCT vs. CRP: P � 0.002.

AUC indicates area under the ROC curve.
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However, an interesting observation in the current series was
the fact that, in general, only abdominal infections lead to the
most expressed systemic PCT release. In the absence of an
abdominal septic focus, other sites of infections had by far a
lesser influence on PCT levels.

Despite the fact that PCT allowed identification of
major complications already on the third and fourth day after
symptom onset, this may not be early enough to depict
patients at risk at hospital admission, especially those with
early severe disease. Because patient recruitment was re-
stricted to cases with predicted severe disease, true admission
PCT values were available in few patients only, which pre-
cludes any meaningful analysis; there is no doubt that further
work is needed in searching for the optimum prognostic tool
in this specific context. On the other hand, a delay of 24 to 48
hours from onset of symptoms to hospital admission or
referral is common in the majority of patients with acute
pancreatitis20,21,35,36; therefore, PCT still enables risk strati-
fication on the first or second day of admission.20,21 The high
incidence of early mortality in acute pancreatitis remains a
continuing challenge in this respect.38 However, unlike pre-
vious reports, early mortality within 72 hours after disease
onset occurred in only 1 of 8 deaths in our study, and this
patient was correctly identified by dramatically elevated PCT
concentrations upon admission.

Although the cellular source and pathophysiologic role
of PCT are still incompletely understood, increasing clinical
evidence suggests that the term “sepsis parameter” does not
embrace the real properties of this parameter.39 In accordance
with previous findings,15 excessively high PCT concentra-
tions were already present early after the onset of symptoms,
which was days or even weeks before the infectious abdom-
inal focus was ultimately diagnosed. Moreover, a similar
course of PCT was observed in patients with severe acute
pancreatitis who died early and had no evidence of infection
but uniformly suffered from MODS. The Gaussian repeated
measurement mixed-model analysis also revealed a MODS-
dependent rise of PCT concentrations even in the absence of
any infections in acute pancreatitis.20 Our clinical observa-
tions are well in accordance with recent experimental studies
suggesting a role for PCT in the pathophysiology of severe
sepsis.40,41 However, beyond the proposed role in sepsis, it
could be hypothesized that the degree of the systemic PCT
release reflects an impaired immunologic response, rendering
the host susceptible to severe infections or unable to over-
come the initial (infectious or noninfectious) local insult, thus
ultimately resulting in death.

Our study population of patients with acute pancreatitis
raises further questions as far as the currently used “gold
standards” for defining “severe acute pancreatitis” and “in-
fected necrosis/pancreatic infections,” including its therapeu-
tic consequences, are concerned. All patients enrolled had
predicted severe disease according to the widely used Atlanta
classification system. The incidence of organ failure was
65%, and all patients had either CT-proven necrosis or a CRP
value of at least 250 mg/L at study inclusion. Surprisingly,
mortality was only 7.7% and only 16% of the patients
developed documented infection. This is in contrast to the

expected incidence of pancreatic infections of at least 30% to
40% upon planning the study.1–4 On the other hand, these
observations are in line with previous multicenter trials using
comparable definitions of severity.35,36 In the present study,
35 patients with predicted severe acute pancreatitis experi-
enced a completely uneventful course without any organ
failure or systemic complications, although 18 of them had
intrapancreatic necrosis. In other terms, one third of the
patients in our study did not suffer from clinically relevant
severe disease and probably received unnecessary over-treat-
ment. The current recommendation of surgical or interven-
tional treatment in the presence of documented infection of
necrosis is another issue, which needs future discussion with
redefinition and reevaluation. Seven of 17 patients with
documented infection of necrosis and associated SIRS expe-
rienced an uneventful course, none of them developed rele-
vant organ failure or required surgery, and in 6 patients
treatment was completely conservative. This is clearly in
opposition to the current treatment algorithm of early surgical
debridement for infected necrosis and has been observed by a
previous series as well.42 In this specific setting, PCT deter-
minations could help to select those patients in whom con-
servative treatment can be continued and surgery may be
further delayed. In an overall sense, these data underscore the
need for a revision of the current definitions for disease
severity and infected necrosis in acute pancreatitis. Any
future revision to the current severity classification system
will require to withdraw the longstanding emphasis on local
pathology such as necrosis and infection and to stress the
systemic aspects of acute pancreatitis.
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