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Summary

Introduction

Background: Procalcitonin (PCT) is a marker of inflam-
mation in systemic bacterial infections. The aim of this
study was to determine the role of PCT as a prognostic
marker in cardiovascular intensive care unit (ICU)
patients with non-infectious conditions.

Methods: 253 critically ill medical patients were
consecutively included during a 4-month period. The
highest PCT plasma level during the first 72 hours of
ICU stay was taken for analysis, and a level 20.5 ng/ml
was defined as elevated. Hospital mortality rates stra-
tified by PCT level were compared among the patients
without an infection at ICU admission (n = 223) and
among a subgroup of non-infected patients with a
cardiovascular diagnosis (n = 164).

Results: The non-infected patients with an elevated
PCT level had a 38% mortality rate (15/40), whereas a
9% mortality rate was observed among the non-infec-
ted patients with a normal PCT (16/183) (p <0.001).
The mortality rate was 42% among the subgroup of
cardiovascular patients with an elevated PCT level
(11/26), whereas it was 4% among the cardiovascular
patients with a normal PCT (6/138) (p <0.001). For
PCT, the area under the receiver operating character-
istic curve for the prediction of mortality was 0.81 (95%
confidence interval [CI] 0.74-0.89) in all non-infected
patients and 0.90 (95% CI 0.84-0.96) in the cardio-
vascular subgroup.

Conclusions: In apparently non-infected critically
ill medical patients, particularly in cardiovascular pat-
ients, elevated PCT plasma levels are associated with
an increased hospital mortality. Nevertheless, PCT
values should be interpreted carefully in the clinical
context.
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Procalcitonin (PCT) is a marker of severe systemic
infection of bacterial origin [1]. However, various condi-
tions other than infection, such as surgical interven-
tions [2], cardiogenic shock [3], or burn injuries [4] can
increase PCT plasma levels. PCT has also been studied
as a marker of systemic inflammatory response
syndrome (SIRS), severe sepsis and septic shock in
intensive care units (ICUs) [5]. In a medical ICT,
serum PCT concentrations >1 ng/ml have a high sensi-
tivity and specificity for the diagnosis of sepsis [6],
whereas PCT plasma levels of healthy individuals are
<0.1 ng/ml. An elevated PCT plasma level >0.5 ng/ml in
patients with severe sepsis or septic shock correlates
with poor prognosis [6, 7]. A PCT-guided strategy for
treating suspected bacterial infections in non-surgical
ICU patients can reduce antibiotic exposure without
increased mortality [8]. On the basis of the results of
this trial, starting of antibiotics is encouraged when
PCT concentration is >0.5 ng/ml [8]. Cardiosurgical
patients with high levels of PCT have been associated
with elevated mortality, and higher risk of infection
and severe complications early after surgery [9]. Data
about PCT as a prognostic marker after acute myo-
cardial infarction have been published recently [10,
11]. However, little is known about PCT as a prognostic
marker in unselected non-infected patients. Hence, the
aim of the present study was to determine the prognos-
tic value of PCT in a non-selected population of
critically ill medical patients with a diagnosis other
than infection on ICU admission.
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Figure 1

Methods

Study design

This observational single institution study was per-
formed in the 12-bed medical ICU of the University
Hospital Zurich, Switzerland. PCT was measured after
routine blood sampling. We retrospectively analysed
the data of 371 unselected patients admitted to our
ICU during an observation period of 4 months. Data
collection was made anonymously. Because of possible
confounding factors such as nosocomial infection and
postoperative status, patients who had been staying in
a different hospital or ward for longer than 72 hours
(n = 71), patients who had stayed at our ICU before
(n = 23) and patients who underwent a surgical inter-
vention within 7 days prior to ICU admission (n = 1)
were excluded from the study. Additionally, 23 patients
were excluded because of insufficient material to meas-
ure PCT. Finally, 253 patients were included into our
analysis (fig. 1).

Patient characteristics

Thirty of the 253 included patients were diagnosed
with an infection during the first 72 hours after ICU
admission (12%). Infection was diagnosed in the
presence of a positive bacterial or fungal culture from

Flow chart of the study population.
d = days; h = hours; ICU = intensive care unit; PCT = procalcitonin
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sterile body fluids or blood, or evidence of a perforated
bowel. New onset of purulent sputum and new or
progressive infiltrates or consolidation on chest radio-
graph was necessary for the diagnosis of pneumonia.
Sepsis, severe sepsis and septic shock were diagnosed
in accordance with published guidelines [12]. Accord-
ingly, pneumonia with sepsis, severe sepsis or septic
shock was diagnosed in 10 patients, and an additional
11 patients fulfilled the criteria for severe sepsis or
septic shock. Gram-positive bacteria were isolated in
16 patients, Gram-negative in 5 patients, and combina-
tion of both bacteria in another 2 patients. No micro-
organism could be cultured in 7 patients.

A total of 223 of the included patients were diag-
nosed as not having an infection during the first 72
hours after ICU admission (88%). Of these 223 non-
infected patients, 164 (74%) had a cardiovascular diag-
nosis (fig. 1). These patients were admitted because of
acute myocardial infarction (n = 95), unstable angina
pectoris (n = 17), arrhythmia (n = 16), congestive heart
failure (n = 11), aortic dissection (n = 13), and other
diagnoses (n = 12) such as dilative cardiomyopathy and
valvular heart disease. All patients with acute myo-
cardial infarction and unstable angina pectoris were
admitted after percutaneous coronary intervention
had been performed. The main admission diagnoses of
the 59 remaining non-infected patients were related to
the central nervous system (CNS) in 26, to the abdo-
men in 15, to the lung in 6 or to one of the following:
intoxication (n = 8), severe heat stroke (n = 1), rhabdo-
myolysis (n = 1), anaphylactic shock (n = 1) and vasova-
gal reaction (n = 1).

Monitoring and outcome parameters
In addition to heart rate, mean arterial pressure and
temperature, the ratio of partial arterial oxygen pres-
sure (PaOy) to inspired oxygen fraction (FiOy) was
recorded. The severity of illness was quantified with the
Simplified Acute Physiology Score (SAPS II), calculated
from the worst values within 24 hours following ICU
admission, and associated predicted mortality [13].
Additionally, the following outcome parameters
were recorded: need for mechanical ventilation, circu-
latory shock defined as systolic blood pressure
<90 mmHg for at least 1 hour despite adequate fluid
resuscitation or need for vasopressors and/or inotropes,
prehospital cardiopulmonary resuscitation (CPR) and
the number of days in ICU. Patient survival status was
recorded at hospital discharge.

Laboratory tests

C-reactive protein (CRP) was measured in heparinised
plasma using a particle-enhanced turbidimetric
immunoassay [14], the lower limit of measurement be-
ing 0.1 mg/l and the upper limit of normal <56 mg/l.
Plasma PCT levels were determined using the homo-
geneous immunoassay (Kryptor®, Brahms Diagnostica,
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Berlin, Germany) [15] with a limit of detection of 0.06
ng/ml. The normal PCT level was set at <0.5 ng/ml in
accordance with previous data [8]. CRP plasma levels
were measured in the routine blood sample taken on
admission (day 0), and then once daily during the first
3 days (day 1-3) or until ICU discharge, and PCT
plasma levels were determined from corresponding
blood samples (day 0-3). Blood culture bottles (BacT/
ALERT, Biomérieux, Marcy I’Etoile, France) were incu-
bated and evaluated by the Microbial Institute of the
University Hospital in Zurich.

Data analysis

Clinical data were collected from the patients’ charts,
made anonymous and entered into a computerised
database. Since the purpose of our study was to deter-
mine the prognostic value of PCT in non-infected
patients admitted to a medical ICU, we separated the
patients with a diagnosis of infection (n = 30). Among
the group of patients with no infection (n = 223), a

Figure 2

C-reactive protein and procalcitonin plasma levels in non-infected
hospital survivors and non-survivors.

Logarithmic distribution of highest CRP and PCT plasma levels
measured within the first 72 hours after admission to the intensive care
unit in non-infected survivors (n = 192) and non-infected non-survivors
(n = 31), p-values for the difference between survivors and non-survi-
vors for PCT <0.001 and for CRP <0.001. CRP = C-reactive protein;

h = hours; log = logarithmic; PCT = procalcitonin
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significant proportion (164/223 or 74%) had a diagnosis
related to cardiovascular disorders, as mentioned
above. Thus, we compared these non-infected patients
(subgroup of non-infected cardiovascular patients)
with those having a diagnosis that was different from
any cardiovascular disorder (subgroup of non-infected
non-cardiovascular patients, n = 59) (fig. 1). The high-
est PCT plasma levels within the first 72 hours of ICU
stay (that is from day 0-3) were taken for analysis.
PCT cut-off levels were set at 0.25, 0.5, and 1.0 ng/ml.
The results obtained for PCT where then compared
with the CRP values that were obtained at the same
time. CRP cut-off levels were set at 5, 50, and 100 mg/1.
The Mann-Whitney U-test, Fischer’s exact test and chi-
square test were used, as appropriate. All testing was
two-tailed, and a p-value below 0.05 was considered
statistically significant. Receiver operating character-
istic (ROC) curves for the prediction of hospital mortal-
ity are expressed as the area under the curve (AUC)
and the upper and lower bound of an asymptotic 95%
confidence interval (CI). Results are expressed as me-
dians, 25th—75th percentiles (interquartile range, IQR)
or percentages.

Results

Particular characteristics of the study population are
summarised in table 1. Infected patients had a higher
heart rate, core temperature, SAPS II score and a
higher hospital mortality, as compared with non-in-
fected patients. In addition, more patients with infec-
tion were in shock and mechanically ventilated. Non-
infected patients had a trend to more frequent cardio-
pulmonary resuscitation during the prehospital phase.

PCT measurements

The median PCT plasma level was 5.82 ng/ml (IQR
2.20-22.07 ng/ml) in infected patients and 0.12 ng/ml
(IQR 0.08-0.30 ng/ml) in non-infected patients
(p <0.001). All but two of the infected patients had a
PCT level 20.5 ng/ml (93%). One patient with Pneumo-
cystis jirovecii and another with Micrococcus luteus
infection had a PCT <0.5 ng/ml. Among the patients
without infection, 18% had a PCT >0.5 ng/ml (40/223).
The distribution of PCT plasma levels between non-
infected hospital survivors and non-survivors is shown
in figure 2.

CRP measurements

The median CRP plasma level was 248 mg/l (IQR 158-
303 mg/l) in infected patients and 28 mg/l (IQR
7-82 mg/l) in non-infected patients (p <0.001). All
infected patients had a CRP level >5 mg/l (n = 30).
Among the patients without infection, 81% had a CRP
level above normal (180/223). The distribution of CRP
plasma levels between non-infected hospital survivors
and non-survivors is shown in figure 2.
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Outcome

Infected patients had a 30% mortality rate (9/30). The
non-infected patients with a PCT level >0.5 ng/ml had
a 38% mortality rate (15/40). The non-infected patients
with a PCT level <0.5 ng/ml had a 9% mortality rate
(16/183). A larger proportion of non-infected patients
with a PCT 20.25, >0.5, or 21.0 ng/ml died during

Table 1

Patient characteristics on admission to the intensive care unit.
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hospital stay compared with those with a CRP >5, >50,
or 2100 mg/1 (table 2). The same result is found among
the subgroup of cardiovascular patients. A significant
difference in mortality was found between cardiovascu-
lar patients with a PCT <0.5 versus >0.5 ng/ml
(p <0.001), whereas mortality was not different between
cardiovascular patients with a CRP <5 versus >5 mg/l

Total Infected Non-infected p-value

No. of patients 253 30 223
Age 60 (50-73) 60 (45-72) 60 (51-73) 0.86
Female gender 72 (28%) 11 (37%) 61(27%) 0.28
Heart rate (beats/min) 90 (72-105) 110 (100-125) 85 (70-102) <0.001
MAP (mm Hg) 68 (58-78) 60 (52-70) 70 (58-78) 0.01
Temperature (°C) 37.2 (36.7-37.8) 37.9 (37.3-38.5) 37.1(36.6-37.7) 0.001
PaO,/FiO; ratio (mm Hg) 188 (140-362) 185 (99-243) 188 (143-414) 0.23
Diagnosis:

Severe sepsis or septic shock* 11 11 0

Cardiovascular 168 4 164

Acute myocardial infarction 96 1 95

CNS 27 1 26

Abdomen 18 3 15

Lung 16 10 6

Others 13 1 12
SAPS Il score 25 (18-40) 41 (31-58) 24 (16-35) <0.001
Shock 38 (15%) 11 (37%) 27 (12%) <0.001
Mechanical ventilation 61 (24%) 17 (57%) 44 (20%) <0.001
Prehospital CPR 26 (10%) 1(3%) 25 (11%) 0.18
Days in ICU 2 (2-4) 6.5 (3-16) 2 (2-3) <0.001
Hospital mortality 40 (16%) 9 (30%) 31 (14%) 0.02

Results are given as numbers (%) or median (interquartile range).
CNS = central nervous system; CPR = cardiopulmonary resuscitation; FiO, = inspired oxygen fraction; ICU = intensive care unit;
MAP = mean arterial pressure; PaO, = partial arterial oxygen pressure; SAPS Il = Simplified Acute Physiology Score II.

* Not including 10 patients with pneumonia.
Vital signs include the worst value within the first 24 hours in the ICU. Shock is defined as arterial systolic blood pressure less than
90 mm Hg for at least 1 hour despite adequate fluid resuscitation or need for vasopressors and/or inotropes.

Table 2
Mortality among all infected, all non-infected, and the subgroups of cardiovascular and non-cardiovascular patients according to PCT and CRP cut-off levels.

Total PCT >0.25 ng/ml PCT >0.5 ng/ml  PCT 21.0 ng/ml  CRP >5 mg/I CRP >50 mg/I CRP >100 mg/I
mortality (%) mortality (%) mortality (%) mortality (%) mortality (%) mortality (%)
Infected 30 9/29  (31) 9/28 (32) 9/28  (32) 9/30  (30) 9/30  (30) 9/25 (36)
Non-infected: 223 23/67 (34) 15/40  (38) 13/28  (46) 27/180 (15) 16/87  (18) 10/44 (23)
Cardiovascular 164 14/42 (33) 11726 (42) 11/19  (58) 16/134 (12) 11/64  (17) 7/30 (23)
Non-cardiovascular 59 9/25  (36) 4/14  (29) 2/9 (22) 11/46  (24) 5/23  (22) 3/14 (21)

Results are given as numbers and ratios (%).

CRP = C-reactive protein; PCT = procalcitonin.

The subgroup of cardiovascular patients includes: ischaemic heart disease, hypertensive or valvular heart disease, dilative cardiomyopathy,
cardiac arrhythmias and arterial dissection.
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(p = 0.26). As shown in table 3, the observed mortality
in the cardiovascular subgroup with a PCT >0.5 ng/ml
was higher than the SAPS II predicted mortality. In
infected patients, SAPS II predicted mortality was
similar to the observed mortality.

Figure 3 illustrates ROC curves for SAPS IT and for
PCT and CRP plasma levels as markers of mortality.

Figure 3

Prediction of hospital mortality in non-infected critically ill medical patients.
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For all non-infected patients the AUC was 0.81 (95% CI
0.74-0.89) for PCT, 0.64 (95% CI 0.53-0.74) for CRP,
and 0.92 (95% CI 0.87-0.97) for SAPS II, whereas for
the subgroup of non-infected cardiovascular patients
AUCs were 0.90 (95% CI 0.84-0.96),0.72 (95% CI 0.60—
0.83) and 0.94 (95% CI 0.89-0.99), respectively.

Receiver operator characteristic curves for the prediction of hospital mortality of all non-infected patients (fig. 3A) and the subgroup of

non-infected cardiovascular patients (fig. 3B).

CRP = C-reactive protein; CV = cardiovascular; PCT = procalcitonin; SAPS Il = Simplified Acute Physiology Score Il
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SAPS Il predicted and observed mortality among all infected, all non-infected, and subgroups of non-infected

(cardiovascular and non-cardiovascular) patients.

PCT n SAPS Il score SAPS 11
(ng/ml) predicted
mortality

Infected <0.5 2 27 (24-30) 8%

>0.5 28 43 (31-59) 31%
Non-infected <0.5 183 22 (14-30) 5%

>0.5 40 41 (31-59) 26%
Cardiovascular <0.5 138 21 (13-25) 4%

>0.5 26 43 (29-58) 32%
Non-cardiovascular <0.5 45 34 (21-50) 15%

>0.5 14 37 (33-62) 20%

Observed p-values for PCT <0.5 versus >0.5 ng/ml

mortality SAPS I SAPS I Observed
predicted mortality
mortality

0% (n =0)

32% (n=9) 0.11 0.11 NA

9% (n = 16)

38% (n = 15) <0.001 <0.001 <0.001

4% (n = 6)

42% (n=11) <0.001 <0.001 <0.001

22% (n = 10)

29% (n = 4) 0.16 0.16 0.72

Results are given as numbers, median (interquartile range) or percentage.
NA = not applicable; PCT = procalcitonin; SAPS Il = Simplified Acute Physiology Score I
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Discussion

In this study we found that a relevant proportion of
non-infected medical ICU patients (18%) present with
PCT plasma levels above normal (>0.5 ng/ml) during
the first 72 hours after ICU admission. These patients
have a four-fold higher risk of death than non-infected
patients with a normal PCT, and a slightly higher risk
of death than patients admitted with a diagnosis of
infection. Compared with CRP, PCT had a higher sen-
sitivity and specificity in predicting hospital mortality.
The observed hospital mortality in non-infected cardio-
vascular patients with a PCT >0.5 ng/ml was 42% and
thus higher than the SAPS II predicted mortality,
whereas in infected patients it was similar.

PCT plasma levels in non-infected patients

CRP and PCT are known as markers of SIRS, sepsis,
severe sepsis and septic shock in ICU patients [5]. Not
only in patients with sepsis, but also in non-infected
patients, elevated CRP levels are known to be inde-
pendent predictors of mortality, for example in patients
with acute coronary syndrome [16] and major adverse
cardiac events [17]. Elevated plasma PCT levels in
primarily non-infected patients have been described
after surgical interventions [2], burn injuries [4],
trauma [18], myocardial infarction [19, 20] and cardio-
genic shock [3]. The results of our study are in line with
these studies and suggest that PCT levels exceed the
upper limit of 0.5 ng/ml in approximately a fifth of
unselected non-infected medical ICU patients.

PCT release is associated with a generalised
increase in calcitonin-1 gene expression and a consecu-
tive release of PCT from parenchymal tissues and
differentiated cell types throughout the body [21, 22],
but not from circulating leucocytes and peripheral
mononuclear cells [23]. In coculture experiments,
stimulated human macrophages were able to induce
calcitonin messenger ribonucleic acid (mRNA) in
adipocytes [24]. PCT production is induced by inter-
leukin-(IL-)1B and endotoxin in human mesenchymal
stem cells derived mature adipocytes. Several other
proinflammatory mediators, such as tumour necrosis
factor-a (TNF-a), IL-2 and IL-6, stimulate PCT produc-
tion [25], which might explain why PCT is elevated in
non-infected patients after an insult leading to a sys-
temic inflammatory response such as major surgery
[26] and cardiac arrest [27—29].

In cardiogenic shock bacterial translocation, endo-
toxaemia arising from bowel congestion and ischaemia
have been hypothesised as a possible source of elevated
inflammatory mediators leading to an increase of both
CRP and PCT plasma levels [3, 30]. Patients dying
from refractory shock after an out-of-hospital cardiac
arrest have higher plasma values of both PCT and the
soluble triggering receptor expressed on myeloid cells-
1 (sSTREM-1) than patients who die from neurological
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failure [27]. Interestingly, in the same study PCT
values measured in patients with refractory cardio-
genic shock were comparable to those measured in pa-
tients with septic shock [27]. Since STREM-1 is a mem-
ber of the immunoglobulin superfamily whose expres-
sion on phagocytic cells is up-regulated in the presence
of bacteria [31], it is likely that elevated PCT values
measured in cardiogenic shock patients are related to
gastrointestinal hypoperfusion and ischaemia result-
ing in bacterial translocation or endotoxaemia. Thus,
elevated PCT values found in non-infected patients in
the present study may have been caused by a release of
proinflammatory mediators from tissue injury in one
or more organs leading to a generalised release of PCT
from parenchymal tissue and differentiated cell types
throughout the body.

PCT as an outcome predictor
Only a few studies have investigated the relationship
between PCT and outcome in non-infected patients. In
unselected postoperative critically ill patients, PCT
was an independent predictor of mortality [2]. After
cardiac surgery, PCT was an early prognostic marker
[26]. Patients with ST-elevation myocardial infarction
had higher PCT levels than those with non-ST-eleva-
tion myocardial infarction or unstable angina pectoris
[20]. Similarly, elevated PCT plasma levels are re-
ported in patients with complications following acute
coronary syndromes and myocardial infarction [3, 10,
32]. The results of these studies suggest that an ele-
vated PCT level in acute myocardial infarction is a
marker of large infarct size and/or life-threatening in-
farct complications. In non-infected medical ICU pa-
tients with a PCT >0.5 ng/ml we found a mortality rate
of 38%, and in the subgroup of cardiovascular patients
it was even higher (42%). In these patients PCT was a
better outcome predictor than SAPS II or CRP.
Several studies indicate that PCT on admission
and during the first ICU days, as well as acute physio-
logical scores (acute physiology, age, chronic health
evaluation scores [APACHE II & III], SAPS II) are
independent predictors of outcome in patients with
severe sepsis and septic shock [33, 34], SIRS [35], mul-
tiple-trauma patients [18], and in unselected post-
operative ICU patients [2, 36]. In a mixed surgical ICU
with predominantly trauma and thoracoabdominal
surgery patients, ROC curve AUCs for the prediction of
mortality by PCT and APACHE III score on admission
were 0.69 and 0.91, respectively [35]. In our study the
PCT and SAPS II AUCs for the entire population of
non-infected patients were 0.81 and 0.92, respectively.
In the subgroup of non-infected cardiovascular patients,
PCT ROC curve AUC was 0.90 and close to the AUC for
SAPS II, which was 0.94. We showed that in non-in-
fected medical ICU patients measurement of PCT is a
valuable predictor of outcome, suggesting high risk of
death when elevated.
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PCT is a helpful biomarker for early diagnosis of
sepsis in critically ill patients [1]. On the basis of our
results, elevated PCT levels in non-infected patients
are associated with a poor prognosis. This can be as-
sumed to be secondary to major inflammation (SIRS).
Compared with CRP, measurement of PCT could ena-
ble a severe insult of non-infectious origin to be identi-
fied earlier.

There are limitations of the present study. In non-
infected medical ICU patients, combining PCT with
components of the SAPS II or other markers possibly
could have further improved the predictive power. How-
ever, we did not address this issue in our study. Whether
patients with no documented infection but elevated
PCT levels benefit from early antibiotic therapy needs
to be studied in a prospective trial. Moreover, we need
to be aware that comparisons of various studies are dif-
ficult because different assays for PCT measurement
were used. Older assays are less sensitive than the one
used for this study [25]. In addition, we acknowledge
the difficulty of discriminating infected from non-in-
fected patients, especially in the ICU setting.

Conclusions

Apparently non-infected medical ICU patients pre-
senting with PCT plasma levels >0.5 ng/ml within the
first 72 hours of admission have a high risk of death,
particularly if the admission diagnosis is of cardiovas-
cular origin. Our data suggest that PCT is an early
marker of inflammation and disease severity. PCT may
be helpful for the rapid detection of a severe insult in
critically ill cardiovascular patients. Whether PCT
plasma elevation in this population was caused by bac-
terial translocation is not known. These results should
be confirmed by additional studies. Clinicians should
still interpret PCT values carefully in the clinical con-
text.

Acknowledgements: The authors are indebted to the medical
and nursing ICU staff for taking care of the patients.

References

-

Wacker C, Prkno A, Brunkhorst FM, Schlattmann P. Procalcitonin as a
diagnostic marker for sepsis: a systematic review and meta-analysis.
Lancet Infect Dis. 2013;13:426-35.

2 Schneider CP, YilmazY, Kleespies A, Jauch KW, Hartl WH. Accuracy of
procalcitonin for outcome prediction in unselected postoperative criti-
cally ill patients. Shock. 2009;31:568-73.

Brunkhorst FM, Clark AL, Forycki ZF, Anker SD. Pyrexia, procalcitonin,
immune activation and survival in cardiogenic shock: the potential
importance of bacterial translocation. Int J Cardiol. 1999;72:3-10.

4 Carsin H, Assicot M, Feger F, Roy O, Pennacino I, Le Bever H, et al.
Evolution and significance of circulating procalcitonin levels compared
with IL-6, TNF alpha and endotoxin levels early after thermal injury.
Burns. 1997;23:218-24.

Schuetz P, Christ-Crain M, Muller B. Biomarkers to improve diagnostic
and prognostic accuracy in systemic infections. Curr Opin Crit Care.
2007;13:578-85.

w

(93

[=2}

|

o]

©

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

ORIGINAL ARTICLE

Muller B, Becker KL, Schachinger H, Rickenbacher PR, Huber PR, Zim-
merli W, et al. Calcitonin precursors are reliable markers of sepsis in a
medical intensive care unit. Crit Care Med. 2000;28:977-83.
Oberhoffer M, Vogelsang H, Russwurm S, Hartung T, Reinhart K. Out-
come prediction by traditional and new markers of inflammation in pa-
tients with sepsis. Clin Chem Lab Med. 1999;37:363-8.

Bouadma L, Luyt CE, Tubach F, Cracco C, Alvarez A, Schwebel C, et al.
Use of procalcitonin to reduce patients’ exposure to antibiotics in inten-
sive care units (PRORATA trial): a multicentre randomised controlled
trial. Lancet. 2010;375:463-74.

Dorge H, Schondube FA, Dorge P, Seipelt R, Voss M, Messmer BJ. Pro-
calcitonin is a valuable prognostic marker in cardiac surgery but not
specific for infection. Thorac Cardiovasc Surg. 2003;51:322-6.

Kelly D, Khan SQ, Dhillon O, Quinn P, Struck J, Squire IB, et al. Pro-
calcitonin as a prognostic marker in patients with acute myocardial in-
farction. Biomarkers. 2010;15:325-31.

Andrie RP, Becher UM, Frommold R, Tiyerili V, Schrickel JW, Nickenig
G, et al. Interleukin-6 is the strongest predictor of 30-day mortality in
patients with cardiogenic shock due to myocardial infarction. Crit Care.
2012;16:R152.

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, et al.
Definitions for sepsis and organ failure and guidelines for the use of in-
novative therapies in sepsis. The ACCP/SCCM Consensus Conference
Committee. American College of Chest Physicians/Society of Critical
Care Medicine. Chest. 1992;101:1644-55.

Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute Physio-
logy Score (SAPS II) based on a European/North American multicenter
study. JAMA. 1993;270:2957-63.

Eda S, Kaufmann J, Roos W, Pohl S. Development of a new microparticle-
enhanced turbidimetric assay for C-reactive protein with superior fea-
tures in analytical sensitivity and dynamic range. J Clin Lab Anal.
1998;12:137-44.

Steinbach G, Rau B, Debard AL, Javourez JF, Bienvenu J, Ponzio A, et al.
Multicenter evaluation of a new immunoassay for procalcitonin
measurement on the Kryptor System. Clin Chem Lab Med. 2004;42:440-9.
Kavsak PA, MacRae AR, Newman AM, Lustig V, Palomaki GE, Ko DT,
et al. Elevated C-reactive protein in acute coronary syndrome presen-
tation is an independent predictor of long-term mortality and heart
failure. Clin Biochem. 2007;40:326-9.

Bae EH, Lim SY, Jeong MH, Park HW, Lim JH, Hong Y, et al. Long-
term predictive factors of major adverse cardiac events in patients with
acute myocardial infarction complicated by cardiogenic shock. Korean
J Intern Med. 2005;20:8—14.

Meisner M, Adina H, Schmidt J. Correlation of procalcitonin and C-re-
active protein to inflammation, complications, and outcome during the
intensive care unit course of multiple-trauma patients. Crit Care.
2006;10:R1.

Kafkas N, Venetsanou K, Patsilinakos S, Voudris V, Antonatos D, Kele-
sidis K, et al. Procalcitonin in acute myocardial infarction. Acute Card
Care. 2008;10:30-6.

Senturk T, Cordan J, Baran I, Ozdemir B, Gullulu S, Aydinlar A, et al.
Procalcitonin in patients with acute coronary syndrome: correlation
with high-sensitive C-reactive protein, prognosis and severity of coro-
nary artery disease. Acta Cardiol. 2007;62:135-41.

Linscheid P, Seboek D, Nylen ES, Langer I, Schlatter M, Becker KL, et
al. In vitro and in vivo calcitonin I gene expression in parenchymal cells:
a novel product of human adipose tissue. Endocrinology. 2003;144:
5578-84.

Nijsten MW, Olinga P, The TH, de Vries EG, Koops HS, Groothuis GM,
et al. Procalcitonin behaves as a fast responding acute phase protein in
vivo and in vitro. Crit Care Med. 2000;28:458-61.

Linscheid P, Seboek D, Schaer DdJ, Zulewski H, Keller U, Muller B. Ex-
pression and secretion of procalcitonin and calcitonin gene-related pep-
tide by adherent monocytes and by macrophage-activated adipocytes.
Crit Care Med. 2004;32:1715-21.

Linscheid P, Seboek D, Zulewski H, Keller U, Muller B. Autocrine/
paracrine role of inflammation-mediated calcitonin gene-related
peptide and adrenomedullin expression in human adipose tissue.
Endocrinology. 2005;146:2699-708.

Christ-Crain M, Muller B. Biomarkers in respiratory tract infections:
diagnostic guides to antibiotic prescription, prognostic markers and
mediators. Eur Respir J. 2007;30:556-73.

Loebe M, Locziewski S, Brunkhorst FM, Harke C, Hetzer R. Pro-
calcitonin in patients undergoing cardiopulmonary bypass in open heart
surgery-first results of the Procalcitonin in Heart Surgery study (Pro-
Hearts). Intensive Care Med. 2000;26(Suppl 2):S193-8.

Cardiovascular Medicine 2013;16(12):321-328 327



—_

27 Adib-Conquy M, Monchi M, Goulenok C, Laurent I, Thuong M, Cavail-

lon JM, et al. Increased plasma levels of soluble triggering receptor
expressed on myeloid cells 1 and procalcitonin after cardiac surgery
and cardiac arrest without infection. Shock. 2007;28:406-10.

Fries M, Kunz D, Gressner AM, Rossaint R, Kuhlen R. Procalcitonin
serum levels after out-of-hospital cardiac arrest. Resuscitation.
2003;59:105-9.

Fries M, Stoppe C, Brucken D, Rossaint R, Kuhlen R. Influence of mild
therapeutic hypothermia on the inflammatory response after success-
ful resuscitation from cardiac arrest. J Crit Care. 2009;24:453-7.
Price S, Evans T. Bacterial translocation in cardiopenic shock: the
gastrointestinal tract as the motor of sepsis? Int J Cardiol. 1999;72:
11-2.

Gibot S, Cravoisy A, Kolopp-Sarda MN, Bene MC, Faure G, Bollaert PE,
et al. Time-course of STREM (soluble triggering receptor expressed on
myeloid cells)-1, procalcitonin, and C-reactive protein plasma concent-
rations during sepsis. Crit Care Med. 2005;33:792-6.

(=2}

ORIGINAL ARTICLE

Picariello C, Lazzeri C, Attana P, Chiostri M, Gensini GF, Valente S. The
impact of admission procalcitonin on prognosis in acute coronary
syndromes: a pilot study. Biomarkers. 2012;17:56-61.

Claeys R, Vinken S, Spapen H, ver Elst K, Decochez K, Huyghens L, et
al. Plasma procalcitonin and C-reactive protein in acute septic shock:
clinical and biological correlates. Crit Care Med. 2002;30:757—62.
Wunder C, Eichelbronner O, Roewer N. Are IL-6, IL-10 and PCT plasma
concentrations reliable for outcome prediction in severe sepsis? A
comparison with APACHE III and SAPS II. Inflamm Res. 2004;53:
158-63.

Lee YJ, Park CH, Yun JW, Lee YS. Predictive comparisons of pro-
calcitonin (PCT) level, arterial ketone body ratio (AKBR), APACHE III
score and multiple organ dysfunction score (MODS) in systemic in-
flammatory response syndrome (SIRS). Yonsei Med J. 2004;45:29-37.
Novotny A, Emmanuel K, Matevossian E, Kriner M, Ulm K, Bartels H,
et al. Use of procalcitonin for early prediction of lethal outcome of post-
operative sepsis. Am J Surg. 2007;194:35-9.

Cardiovascular Medicine 2013;16(12):321-328 328



