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Predictive Value of Procalcitonin for Infection and Survival in Adult
Cardiogenic Shock Patients Treated with Extracorporeal

Membrane Oxygenation
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Procalcitonin (PCT) is a predictive marker for the occurrence of bacterial infection and
the decision to terminate antibiotic treatment in critically ill patients. An unusual in-
crease in PCT, regardless of infection, has been observed during extracorporeal mem-
brane oxygenation (ECMO) support. We evaluated trends and the predictive value of
PCT levels in adult cardiogenic shock during treatment with ECMO. We reviewed the
clinical records of 38 adult cardiogenic shock patients undergoing veno-arterial ECMO
support between January 2014 and December 2016. The exclusion criteria were age
<18 years, pre-ECMO infection, and less than 48 hours of support. The mean patient
age was 56.7+14.7 years and 12 (31.6%) patients were female. The mean duration of
ECMO support was 9.0+7.6 days. The rates of successful ECMO weaning and survival
to discharge were 55.3% (n=21) and 52.6% (n=20), respectively. There were 17 nosoco-
mial infections in 16 (42.1%) patients. Peak PCT levels (mean 25.6+9.4 ng/mL) were
reached within 48 hours after initiation of ECMO support and decreased to <5 ng/mL
within one week. The change in PCT levels was not useful in predicting the occurrence
of new nosocomial infections during the ECMO run. However, a PCT level >10 ng/mL
during the first week of ECMO support was significantly associated with mortality (p
<0.01). The change in PCT level was not useful in predicting new infection during
ECMO support. However, higher PCT levels within the first week of the ECMO run
are associated with significantly higher mortality.
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INTRODUCTION

The clinical outcomes of extracorporeal membrane oxy-
genation (ECMO) show ongoing improvement, and ECMO
treatment currently focuses on the control of complica-
tions." Nosocomial infections are among the major compli-
cations that increase patient mortality during ECMO.”
Unfortunately, the use of extracorporeal circulation itself
may be a cause of systemic inflammatory response syn-
drome (SIRS). Therefore, it may be difficult to differentiate
between infectious complications arising early after ECMO
is initiated and the general inflammatory response to the
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use of extracorporeal circulation.

Various methods for the diagnosis of infection have been
studied. Biomarkers such as white blood cells (WBCs) and
C-reactive protein (CRP), in addition to blood cultures,
have been used in diagnosis. Existing biomarkers in pa-
tients with suspected infection have limitations in sensi-
tivity and specificity, and blood cultures are slow to identify
organisms, with the possibility of false negatives. Procalci-
tonin (PCT) is the peptide precursor of the hormone calcito-
nin, and under normal circumstances is produced in the
thyroid parafollicular cell (normal serum concentration
<0.05 ng/mL). The PCT level has proven to be highly spe-
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cific, and is a predictive marker for occurrence of bacterial
infection and the decision to terminate antibiotic treat-
ment in critically ill patients.**

However, in addition to infectious disease, PCT is also
elevated in a variety of illnesses that cause inflammatory
reactions such as complications associated with abdominal
surgery, transplantation, trauma, and burns.”” Recently,
its usefulness has been confirmed in non-infectious dis-
eases such as ischemic stroke.® An unusual increase in
PCT, regardless of infection, has also been observed during
ECMO support.”® We evaluated trends and predictive val-
ue of PCT levels measured during ECMO for prediction of
clinical outcomes, such as infection and survival.

MATERIALS AND METHODS

1. Patient selection

This retrospective study included consecutive adult car-
diogenic shock patients undergoing veno-arterial (VA)-
ECMO support between January 2014 and December 2016
at the Department of Thoracic and Cardiovascular Surgery,
Chonnam National University Hospital (CNUH). The ex-
clusion criteria were use of extracorporeal cardiopulmo-
nary resuscitation, age <18 years, use of veno-venous or
veno-arterial venous ECMO, and inadequate data about
PCT levels. Patients who underwent ECMO for less than
48 hours were not included, since they were not exposed
long enough to identify ECMO-related infection events
(Fig. 1).

2. ECMO protocol

The basic principles of the ECMO procedure and patient
care were described in a previous study.’ Briefly, ECMO
cannulation was performed in a sterile fashion with chlo-
rhexidine painting. A permanent life support system with
a polymethylpentene-type oxygenator (Maquet Inc.,
Hirrlingen, Germany) was applied. Heparin was used as
an anticoagulant. the cannulation mode, size, and ap-
proach site were determined by the surgeon according to

Patients with ECMO support
from 2014 to 2016
(n=109)

Exclusion criteria

- ECPR (n=5)

- VV or VAV ECMO (n=30)

- Age <18 years (n=28)

- ECMO support <48 hours (n=5)

- Inadequate data collection of PCT (n=3)

Y
Final inclusion
. Patients with VA ECMO
(n=38)

FIG. 1. Algorithm of patient selection in our study. ECMO: ex-
tracorporeal membrane oxygenation, ECPR: extracorporeal car-
diopulmonary resuscitation, VA: veno-arterial, VAV: veno-arte-
rial venous, VV: veno-venous, PCT: procalcitonin.
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body weight, height, and vessel size. A peripheral approach
using the femoral artery and vein was the predominant
method used in the study. If there was no specific culture
or clinical evidence of ongoing infection, we did not rou-
tinely use prophylactic antibiotics with either open or per-
cutaneous cannulation. In general, the management pro-
tocol for ECMO followed the Extracorporeal Life Support
Organization guidelines."

3. Data collection

Baseline characteristics and operative information in-
cluding age, sex, underlying conditions, pre-ECMO labo-
ratory findings, duration of hospital and intensive care
unit (ICU) stay before ECMO, shock to ECMO time, and
duration of ECMO support were collected and evaluated.
Weaning success after ECMO support, survival to dis-
charge, and infection incidence on ECMO were assessed
using hospital records. When possible, routine daily quan-
titative PCT measurement (VIDAS BRAHMS PCT;
Biomerieux, France) was performed in the CNUH labo-

TABLE 1. Patients’ characteristics before ECMO support

Variable®
Number of patients 38
Age (year) 56.7+14.7
Male 26 (68.4)
Body weight (kg) 63.7+9.5
Underlying disease
CAD 4 (10.5)
DM 14 (36.8)
HTN 14 (36.8)
COPD 2(5.3)
AKI 6 (15.8)
Laboratory findings
White blood cell (10°/mm?) 13.9+5.4
Hemoglobin, g/dL 12.1+2.5
Platelets (10°/mm?) 207.6+59.8
Total bilirubin (mg/dL) 1.10£1.0
Creatinine (mg/dL) 1.2+0.8
CRP (mg/dL) 3.924.2
Clinical conditions
Pre-ECMO hospital stay (day) 3.6+8.9
Pre-ECMO ICU stay (day) 0.9+0.5
Shock to ECMO time (hour) 5.3+9.0
Causes of ECMO support
CAD 17 (44.7)
AFM 10 (26.3)
CPB weaning failure 8(21.1)
Sepsis 3(7.9)

AFM: acute fulminant myocarditis, ECMO: extracorporeal mem-
brane oxygenation, CAD: coronary artery disease, CPB: car-
diopulmonary bypass, DM: diabetus mellitus, HTN: hyper-
tension, COPD: chronic obstructive lung disease, AKI: acute kid-
ney injury, CRP: C-reactive protein, ICU: intensive care unit.
*Data are presented as the number of cases (%) for categorical vari-
ables or as means+standard deviations for continuous variables.
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ratory during ECMO support.

Nosocomial infection during ECMO support was defined
according to the criteria of the Centers for Disease Control
and Prevention, as follows: a case with confirmed organ-
isms from one or more blood, respiratory, or urinary culture
during the period 48 hours after the initiation of ECMO to
24 hours after ECMO weaning."" Microbiological isolations
were correlated with clinical symptoms and typical in-
flammatory characteristics in blood samples and radio-
graphic findings. The primary outcome was in-hospital
mortality and the secondary outcome was new-onset noso-

TABLE 2. Early outomes of ECMO support

Variable®
Number of patients 38
Duration of ECMO support (day) 9.0+7.6
ECMO support >7 days 24 (63.2)
ECMO weaning 21 (55.3)
Survival to discharge 20 (52.6)
Nosocomial infection during ECMO support 16 (42.1)

ECMO: extracorporeal membrane oxygenation. “Data are pre-
sented as the number of cases (%) for categorical variables or as
means+standard deviations for continuous variables.

comial infection.

4, Statistical analysis

Data are presented as the number of cases (percentage)
for categorical variables or as mean values with standard
deviations for continuous variables. The Mann-Whitney
test and chi-square test were used to compare the risk fac-
tors related to occurrence of survival and nosocomial
infection. We performed logistic regression using survival
as the dependent variable. All variables with p<0.05 in
univariate analyses were included in the multivariate re-
gression model. Differences between groups in mean PCT
values within the first week according to survival were
compared using repeated measures analysis of variance.
Survival probability was calculated using the Kaplan-Meier
survival analysis. Statistical analysis was performed us-
ing the MedCalc Statistical Software version 17.9.7
(MedCalc Software bvba, Ostend, Belgium; http:/www.
medcalc.org; 2017). In all analyses, p-values <0.05 were
considered statistically significant.

5. Ethics statement

This study was approved by the Institutional Review
Board of CNUH, which waived the requirement for in-
formed patient consent based on the retrospective nature

TABLE 3. Univariate analysis of risk factors for nosocomial infection before and during ECMO support

No Infection® (n=22) Infection® (n=16) p-value
Age 61.5+11.3 64.8+9.7 0.39
Male 16 (72.7) 10 (62.5) 0.54
Body weight (kg) 64.3+6.6 63.0+12.8 0.69
Underlying disease
CAD 2(9.1) 2 (12.5) 0.74
DM 4(18.2) 6 (37.5) 0.15
HTN 4(18.2) 6 (37.5) 0.15
COPD 0 2 (12.5) 0.09
AKI 4(18.2) 2 (12.5) 0.64
Laboratory findings before ECMO support
White blood cell (10°/mm®) 14.0+6.3 13.8+4.6 0.91
Hemoglobin, g/dL 13.2+2.2 12.7+2.8 0.24
Platelets (10%/mm®) 201.5+66.1 216.0+51.0 0.47
Total bilirubin (mg/dL) 1.5+1.3 1.3+0.9 0.83
Creatinine (mg/dL) 1.0+0.4 1.1+1.1 0.51
CRP (mg/dL) 3.4+2.5 4.5+5.6 0.44
Clinical conditions before ECMO support
Pre-ECMO hospital stay (day) 4.3+11.6 2.7+3.3 0.61
Pre-ECMO ICU stay (day) 0.9+0.3 1.0+0.7 0.6
Shock to ECMO time (hour) 7.2+11.5 2.9+2.3 0.15
Clinical outomes during ECMO support
Duration of ECMO support (day) 5.4+1.4 14.0+9.8 <0.01
ECMO time >7 days 2(9.1) 12 (75) <0.01
Peak value of PCT within first week (pg/dL) 31.3+38.9 50.5+42.4 0.16
Peak value of PCT >10 (pg/dL) within first week 10 (45.5) 12 (75) 0.67

ECMO: extracorporeal membrane oxygenation, CAD: coronary artery disease, DM: diabetus mellitus, HTN: hypertension, COPD:
chronic obstructive lung disease, AKI: acute kidney injury, CRP: C-reactive protein, ICU: intensive care, PCT: procalcitonin. *Data
are presented as the number of cases (%) for categorical variables or as means+standard deviations for continuous variables.
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of the work (IRB No: CNUH-2017-314).

RESULTS

1. Patient Demographics and early outcomes of ECMO sup-

port

The mean patient age at the time of ECMO support was
56.7+14.7 years and 26 (68.4) patients were male. Among
these, 14 (36.8%) patients had hypertension. Hospital and
ICU stays before ECMO were 3.6+8.9 and 0.9+0.5 days,
respectively. The duration of shock before ECMO initiation
was 5.3+9.0 hours. Patient characteristics before ECMO
support are summarized in Table 1. VA ECMO was the pre-
dominant type used in 92.1% (n=35) of patients. Veno-ve-
no-arterial ECMO was used in 3 patients (7.9%). The dura-
tion of ECMO support was 9.0£7.6 days. Twenty-four
(63.2%) patients received ECMO support for more than 7
days. There were 17 nosocomial infections in 16 (42.1%)
patients. The rates of weaning success and survival to dis-
charge were 55.3% (n=21) and 52.6% (n=20), respectively.
The early outcomes of ECMO support are summarized in
Table 2.

2. Statistical analysis of risk factors for survival
The baseline characteristics of 16 patients with infection
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and 22 without infection are shown in Table 3. There were
no significant differences between the 2 groups in terms of
sex, body weight, underlying disease, laboratory findings
before ECMO support, ICU and hospital stay before
ECMO, and shock to ECMO time. The duration of ECMO
support was the only risk factor for occurrence of nosoco-
mial infection during ECMO (p<0.01). However, the in-
crease in PCT levels within the first week was not useful
in predicting the occurrence of a new nosocomial infection
during the ECMO run. The results of risk factor analysis
for survival before and during ECMO support are summar-
ized in Table 4. There were no significant differences be-
tween the 2 groups in terms of sex, body weight, underlying
disease, laboratory findings before ECMO support, dura-
tion of ICU and hospital stay before ECMO, shock to ECMO
time, and duration of ECMO support. The survivor group
was younger than the non-survivor group (p=0.03). The
non-survivor group had a higher incidence of nosocomial
infection (p<0.01) and higher peak PCT levels (p<0.01).
In logistic regression analysis, an independent predictor of
survival before and during ECMO support was a higher
peak PCT value (adjusted odds ratio, 1.94; 95% confidence
interval, 1.03-3.27; p=0.01) (Table 5).

TABLE 4. Univariate analysis of risk factors for survival before and during ECMO support

Survivor® (n=20) Non-survivor® (n=18) p-value
Age (year) 51.9+13.9 62.2+14.2 0.03
Male 12 (60) 14 (77.8) 0.31
Body weight (kg) 65.8+9.7 61.4+9.2 0.17
Underlying disease
CAD 4 (20) 0 0.11
DM 6 (30) 8 (44.4) 0.51
HTN 6 (30) 8 (44.4) 0.51
COPD 0 2(11.1) 0.22
AKI 3 (15) 3(16.7) 0.65
Laboratory findings before ECMO support
White blood cell (10%/mm®) 13.96+6.5 13.9+4.5 0.96
Hemoglobin, g/dL 12.5+2.6 11.8+2.5 0.42
Platelets (10%/mm®) 209.9+67.2 205.1+52.4 0.81
Total bilirubin (mg/dL) 0.9+1.3 1.2+0.2 0.53
Creatinine (mg/dL) 1.2+0.8 1.3+0.8 0.66
CRP (mg/dL) 3.8+2.3 3.9+5.5 0.91
Clinical conditions before ECMO support
Pre-ECMO hospital stay (day) 5.2+12.1 1.8+2.3 0.24
Pre-ECMO ICU stay (day) 0.9+0.6 1.0+0.5 0.55
Shock to ECMO time (hour) 4.8+8.5 6.5+7.9 0.13
Clinical outomes during ECMO support
Duration of ECMO support (day) 8.7+8.6 9.3+6.6 0.81
ECMO time >7 days 10 (55.6) 14 (70) 0.28
Nosocomial infection during ECMO support 2 (10) 10 (55.6) <0.01
Peak value of PCT within first week (pg/dL) 14.7+£18.0 66.8+42.2 <0.01

ECMO: extracorporeal membrane oxygenation, CAD: coronary artery disease, DM: diabetus mellitus, HTN: hypertension, COPD:
chronic obstructive lung disease, AKI: acute kidney injury, CRP: C-reactive protein, ICU: intensive care, PCT: procalcitonin. *Data
are presented as the number of cases (%) for categorical variables or as means+standard deviations for continuous variables.
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TABLE 5. Multivariate analysis of risk factors for survival before
and during ECMO support

. Adjusted OR
Variables (95% CI) p-value
Age 0.48 (0.32-0.72) 0.56
Nosocomial infection during 0.15 (0.01-0.36) 0.2
ECMO support

Peak value of PCT (ng/dL) 1.94 (1.03-3.27) 0.01

ECMO: extracorporeal membrane oxygenation, OR: odds ratio,
CI: confidence interval, PCT: procalcitonin.
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FIG. 2. Trends of Procalcitonin levels during ECMO support for
28dyas, presented as mean value+standard deviation. Peak value
was reached within 48 hours after initiation of ECMO support
(mean 25.6+9.4 ng/mL), and decreased to <5 ng/mL within 1
week. Mean value of PCT levels after first week varied in diverse
patterns, but did not show the high levels shown for the first week.
ECMO: extracorporeal membrane oxygenation, PCT: procalcitonin.

3. Association between survival outcome and PCT levels
Fig. 2 shows the trends of PCT (mean values) during
ECMO support. Maximal levels were reached within 48
hours after initiation of ECMO support (mean 25.6+9.4
ng/mL), and decreased to <5 ng/mL within 1 week. The
mean value of PCT levels after the first week varied in di-
verse patterns, but did not show the high levels shown for
the first week. Serial progression of mean PCT levels was
compared in the 2 groups during the first week of ECMO
support; the mean PCT level was significantly higher in the
survival group, according to time (p=0.03) (Fig. 3). In the
Kaplan-Meier survival analysis, a PCT level of > 10 ng/mL
was significantly associated with survival probability
within the first week of ECMO support (p=0.01) (Fig 4).

DISCUSSION

We evaluated the trends and predictive value of PCT lev-
els during treatment of adult cardiogenic shock with
ECMO, and investigated the role of PCT as a predictor of
infection occurrence and clinical outcomes. As it is easy to
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FIG. 3. Comparison between mean PCT levels within 7 days in sur-
vivors and non-survivors. Serial progression of mean PCT level
was observed during the first week of ECMO support; the mean
level was significantly higher over time in the survivor group
(p=0.03). ECMO: extracorporeal membrane oxygenation, PCT:
procalcitonin.
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FIG. 4. Kaplan-Meier survival analysis: Peak PCT level =10 ng/mL
in survivors and non-survivors. PCT level =10 ng/mL within the
first week of ECMO support was significantly associated with sur-
vival probability (p=0.01). ECMO: extracorporeal membrane oxy-
genation, PCT: procalcitonin.

measure and can be repeatedly checked, PCT has an im-
portant role as a predictor of infection. Therefore, many
studies have used PCT as a guide to the use of antibiotics,
and as a marker to monitor the effectiveness of antibiotic
treatment in bacterial lower respiratory tract infections
and sepsis.”*™® PCT is also superior to traditional in-
flammatory markers such as CRP for diagnosis of bacterial
infections.'” In addition, higher PCT levels are asso-
ciated with disease severity in septic patients." However,
many recent studies have shown a negative correlation,
suggesting that PCT measurement is not associated with
decreased mortality or duration of antibiotic treatment in
sepsis, 112021

Studies on the usefulness of PCT measurement have
been performed in various fields. Cardiopulmonary bypass



(CPB), which is essential for cardiac surgery, causes a sys-
temic inflammatory response, and the likelihood of an in-
flammatory reaction is increased when the running time
is prolonged. As acute phase reactions following CPB are
associated with organ dysfunction, there is a continuing ef-
fort to identify a biomarker for use in early diagnosis of com-
plications after cardiac surgery. It is known that PCT af-
fects the clinical course after cardiac surgery® and is a more
sensitive indicator than the increase in WBCs or CRP in
predicting complications; moreover, the role of PCT is ex-
panding to include prognostic use in specific acute car-
diovascular diseases such as aortic dissection.” Elevated
PCT levels have a negative impact on postoperative compli-
cations and outcomes.'®* After cardiac surgery, PCT in-
creases if the patient does not enter the recovery phase.
Transfusion and deep hypothermia also induce a variety
of inflammatory reactions, resulting in an increase in PCT
levels during cardiac surgery.”** Thus, it can be inferred
that an elevation of PCT in the absence of specific symp-
toms can predict progressive deterioration. Therefore,
PCT measurement after cardiac surgery can enable early
detection and intervention to prevent complications.
However, its value as a prognostic marker is still unclear
due to a lack of evidence. To determine the mechanism by
which PCT affects the body, a large-scale, randomized-con-
trol trial is needed to evaluate complications after cardiac
surgery and to assess the value of other prognostic factors.

Although several studies have attempted to differ-
entiate between increased PCT levels caused by infection
versus ECMO, only a few preliminary studies have identi-
fied the role of PCT during ECMO therapy, and most have
reported PCT as an indicator of infection.”**® One pro-
spective study in pediatric patients found no correlation be-
tween PCT and prediction of infection, but did show that
high PCT levels are associated with multi-organ dysfunc-
tion.” In adults, studies have identified the role of PCT as
an indicator of infection during ECMO treatment.®”® Our
study showed that PCT was a potential serum biomarker
for prognosis in patients undergoing ECMO support.
Although our study could not precisely identify the change
in PCT values correlated with disease severity, we con-
firmed that a peak value of > 10 ng/mL was associated with
mortality. However, when we divided patients into 2
groups based on a PCT level of 5 ng/mL, there was no stat-
istically significant difference.

This study has some limitations. Firstly, this was a retro-
spective analysis of medical records. Thus, a selection bias
was not completely excluded because 7.3% of cases were ex-
cluded, and association is not equivalent to causation.
Second, this single-center study enrolled a relatively small
number of patients. In the future, a large-scale, prospective
multicenter analysis is required to develop guidelines.

In conclusion, the level of PCT is not useful in prediction
of nosocomial infection during ECMO support. However,
higher PCT levels within the first week of ECMO are asso-
ciated with significantly higher mortality.

Do Wan Kim, et al

ACKNOWLEDGEMENTS

This study was supported by a grant from Research
Institute of Medical Sciences, Chonnam National
University Medical School. And It was also supported by
a grant from the Chonnam National University Hospital
Biomedical Research Institute (CRI 16002-1), and from the
National Research Foundation of Korea (NRF) grant
(NRF-2015R1C1A1A02037778 and NRF-2016R1 D1A3-
B03935986). The authors are grateful for ECMO team of
Chonnam national university hospital, especially for our
perfusionists of heart and lung machine: Young Cheol
Jeong, Gwang Ro Ju, Gwang Il Lee, and Chang Ho Kim.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Cho HJ, Kim DW, Kim GS, Jeong IS. Anticoagulation therapy
during extracorporeal membrane oxygenator support in pediatric
patients. Chonnam Med J 2017;53:110-7.

2. Bizzarro MJ, Conrad SA, Kaufman DA, Rycus P; Extracorporeal
Life Support Organization Task Force on Infections, Extracorpo-
real Membrane Oxygenation. Infections acquired during ex-
tracorporeal membrane oxygenation in neonates, children, and
adults. Pediatr Crit Care Med 2011;12:277-81.

3. Sandkovsky U, Kalil AC, Florescu DF. The use and value of pro-
calcitonin in solid organ transplantation. Clin Transplant
2015;29:689-96.

4. Cossé C, Sabbagh C, Carroni V, Galmiche A, Rebibo L, Regimbeau
JM. Impact of a procalcitonin-based algorithm on the manage-
ment of adhesion-related small bowel obstruction. J Visc Surg
2017;154:231-7.

5. Cosse C, Sabbagh C, Kamel S, Galmiche A, Regimbeau JM.
Procalcitonin and intestinal ischemia: a review of the literature.
World J Gastroenterol 2014;20:17773-8.

6. Li YM, Liu XY. Serum levels of procalcitonin and high sensitivity
C-reactive protein are associated with long-term mortality in
acute ischemic stroke. J Neurol Sci 2015;352:68-73.

7. Rungatscher A, Merlini A, De Rita F, Lucchese G, Barozzi L,
Faggian G, et al. Diagnosis of infection in paediatric veno-arterial
cardiac extracorporeal membrane oxygenation: role of procalcito-
nin and C-reactive protein. Eur J Cardiothorac Surg 2013;43:
1043-9.

8. Tanaka D, Pitcher HT, Cavarocchi NC, Diehl JT, Hirose H. Can
procalcitonin differentiate infection from systemic inflammatory
reaction in patients on extracorporeal membrane oxygenation?
J Heart Lung Transplant 2014;33:1186-8.

9. Kim GS, Lee KS, Park CK, Kang SK, Kim DW, Oh SG, et al.
Nosocomial Infection in Adult Patients Undergoing Veno-Arte-
rial Extracorporeal Membrane Oxygenation. J Korean Med Sci
2017;32:593-8.

10. ELSO Guidelines for Cardiopulmonary Extracorporeal Life
Support. Extracorporeal Life Support Organization [Internet].
Ann Arbor: Extracorporeal Life Support Organization; c2017 [cit-

53



Predictive Value of PCT in ECMO

11.

12.

13.

14.

15.

16.

17.

18.

19.

54

ed 2017 Oct 6]. Available from: https://www.elso.org.

Chu DC, Mehta AB, Walkey AJ. Practice patterns and outcomes
associated with procalcitonin use in critically ill patients with
sepsis. Clin Infect Dis 2017;64:1509-15.

Schuetz P, Briel M, Mueller B. Clinical outcomes associated with
procalcitonin algorithms to guide antibiotic therapy in respira-
tory tract infections. JAMA 2013;309:717-8.

Schuetz P, Briel M, Christ-Crain M, Stolz D, Bouadma L, Wolff
M, et al. Procalcitonin to guide initiation and duration of antibiotic
treatment in acute respiratory infections: an individual patient
data meta-analysis. Clin Infect Dis 2012;55:651-62.

Sager R, Kutz A, Mueller B, Schuetz P. Procalcitonin-guided diag-
nosis and antibiotic stewardship revisited. BMC Med 2017;15:15.
Bloos F, Trips E, Nierhaus A, Briegel J, Heyland DK, Jaschinski
U, et al. Effect of sodium selenite administration and procalcito-
nin-guided therapy on mortality in patients with severe sepsis or
septic shock: a randomized clinical trial. JAMA Intern Med
2016;176:1266-76.

Schuetz P, Daniels LB, Kulkarni P, Anker SD, Mueller B.
Procalcitonin: a new biomarker for the cardiologist. Int J Cardiol
2016;223:390-7.

Nunez Lopez O, Cambiaso-Daniel J, Branski LK, Norbury WB,
Herndon DN. Predicting and managing sepsis in burn patients:
current perspectives. Ther Clin Risk Manag 2017;13:1107-17.
Wacker C, Prkno A, Brunkhorst FM, Schlattmann P. Procalcito-
nin as a diagnostic marker for sepsis: a systematic review and
meta-analysis. Lancet Infect Dis 2013;13:426-35.

Brunkhorst FM, Wegscheider K, Forycki ZF, Brunkhorst R.

Procalcitonin for early diagnosis and differentiation of SIRS, sep-

20.

21.

22.

23.

24.

25.

26.

sis, severe sepsis, and septic shock. Intensive Care Med 2000;26
Suppl 2:S148-52.

Verduri A, Luppi F, D'Amico R, Balduzzi S, Vicini R, Liverani A,
et al. Antibiotic treatment of severe exacerbations of chronic ob-
structive pulmonary disease with procalcitonin: a randomized
noninferiority trial. PLoS One 2015;10:e0118241.

Prkno A, Wacker C, Brunkhorst FM, Schlattmann P. Procalcit-
onin-guided therapy in intensive care unit patients with severe
sepsis and septic shock--a systematic review and meta-analysis.
Crit Care 2013;17:R291.

Klingele M, Bomberg H, Schuster S, Schéfers HJ, Groesdonk HV.
Prognostic value of procalcitonin in patients after elective cardiac
surgery: a prospective cohort study. Ann Intensive Care 2016;6:116.
Liu H, Luo Z, Liu L, Yang XM, Zhuang YM, Zhang Y, et al. Early
kinetics of procalcitonin in predicting surgical outcomes in type
a aortic dissection patients. Chin Med J (Engl) 2017;130:1175-81.
Minami E, Ito S, Sugiura T, Fujita Y, Sasano H, Sobue K.
Markedly elevated procalcitonin in early postoperative period in
pediatric open heart surgery: a prospective cohort study. J
Intensive Care 2014;2:38.

Beghetti M, Rimensberger PC, Kalangos A, Habre W, Gervaix A.
Kinetics of procalcitonin, interleukin 6 and C-reactive protein after
cardiopulmonary-bypass in children. Cardiol Young 2003;13:
161-7.

Pieri M, Greco T, De Bonis M, Maj G, Fumagalli L, Zangrillo A,
et al. Diagnosis of infection in patients undergoing extracorporeal
membrane oxygenation: a case-control study. J Thorac Cardio-
vasc Surg 2012;143:1411-6.



