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Abstract

Background: Patients who have successful return of spontaneous circulation after cardiac arrest may experience
post-cardiac arrest syndrome. Procalcitonin can be used to assess the severity of post-cardiac arrest syndrome. The
association between procalcitonin and outcomes in Asian patients with post-cardiac arrest syndrome has not been
extensively studied.

Objective: This study aimed to investigate the predictive value of serum procalcitonin level in the prognosis of patients
hospitalized after out-of-hospital cardiac arrest.

Methods: A retrospective observational study using the multicenter Korean Cardiac Arrest Research Consortium
registry between October 2015 and June 2018 was performed. Serum procalcitonin level at the early phase of hospital
presentation was obtained from the patients hospitalized after out-of-hospital cardiac arrest. In-hospital mortality and
neurologic outcomes at hospital discharge were estimated. The relationship between serum procalcitonin level and in-
hospital mortality and neurologic outcomes of patients was analyzed.

Results: A total of 254 patients hospitalized after out-of-hospital cardiac arrest were included. Serum procalcitonin
level was significantly elevated in non-survivors compared to survivors (0.17 (0.05-0.18) ng/dL vs. 0.10 (0.05-0.39) ng/
dL, p=0.017, respectively). In addition, serum procalcitonin level was significantly elevated in patients with unfavorable
outcomes at hospital discharge compared to those with favorable outcomes (0.16 (0.06—1.10) ng/dL vs. 0.07 (0.04-0.22)
ng/dL, p <0.001, respectively). However, serum procalcitonin level had a weak predictive value for in-hospital mortality
(area under the receiver operating characteristic curve: 0.587, 95% confidence interval: 0.517-0.657, p=0.017, cut-
off=0.12ng/dL, specificity=57.4%) and unfavorable outcomes (area under the receiver operating characteristic curve:
0.646, 95% confidence interval: 0.571-0.721, p <0.001, cut-off=0.1 | ng/dL, specificity = 62.3%).

Conclusion: Elevated serum procalcitonin level in patients hospitalized after out-of-hospital cardiac arrest at the
early phase of hospital presentation is associated with poor outcomes. However, serum procalcitonin level had weak
diagnostic accuracy for predicting in-hospital mortality and unfavorable outcomes.
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Introduction

Patients who have successful return of spontancous circula-
tion (ROSC) after cardiac arrest may experience multiple
organ failure owing to complex pathophysiological changes
caused by systemic ischemia/reperfusion; this is referred to
as post-cardiac arrest syndrome (PCAS).! Given that PCAS
is closely associated with poor prognosis in patients who
had ROSC after cardiac arrest, systematic approach and
treatment to improve neurologic outcomes of these patients
are necessary.' Prognostication of neurologic outcomes in
comatose post-cardiac arrest patients is important, and the
American Heart Association (AHA) guidelines recommend
the use of clinical findings, electrophysiological and imag-
ing modalities, and blood markers to predict and evaluate
the neurologic outcomes of patients.? Of these, blood mark-
ers are influenced less by the drugs administered to the
patients and are easier to access compared to other tests.?
Neuron-specific enolase (NSE) and S-100B are the two
most commonly examined blood markers; however, NSE
and S-100B have low sensitivity and an inconsistent thresh-
old for predicting neurologic outcomes after ROSC.?

Procalcitonin (PCT) is known to be a blood marker spe-
cific for bacterial infection in septic patients.* The progno-
sis of patients with PCAS is closely associated with the
duration of systemic ischemia and the secretion of various
inflammatory mediators during reperfusion.! Systemic
ischemia/reperfusion activates the immune system and
coagulation pathways, which increase the risks of multiple
organ failure and bacterial infection.! Such state of
responses is similar to sepsis;® hence, PCT can be used to
assess the severity of PCAS. A recent meta-analysis has
reported the association between serum PCT level and out-
comes of patients with PCAS.® However, most studies in
this meta-analysis were reported in Europe (one study
included Europe and the United States), and most were
conducted on relatively small samples or at single centers.
Moreover, patient characteristics in the meta-analysis were
heterogeneous; arrest location of patients was out-of-hospi-
tal and/or in-hospital.

Therefore, this study aimed to identify the predictive
value of serum PCT level as a prognostic marker for out-
comes in patients hospitalized after out-of-hospital cardiac
arrest (OHCA), using the data from the Korean Cardiac
Arrest Research Consortium (KoCARC) registry, which is a
multicenter research network registry with a relatively large
sample size that well represents South Korea. Moreover, the
study also sought to estimate the diagnostic accuracy of
serum PCT level for predicting in-hospital mortality and
unfavorable outcomes at hospital discharge of patients.

Methods
Study design

This retrospective observational study used a prospectively
collected multi-center data registry. The KoCARC registry,

which is a multicenter hospital-based collaborative research
network registry, is a data-collecting system composed of
risk and prognostic factors of patients after OHCA. The
registry aims to improve the effectiveness and professional-
ism of research to produce evidence to strengthen the chain
of survival for patients.” The KoCARC registry includes
records of patients, who presented to the emergency depart-
ment (ED) under pre-hospital resuscitation by emergency
medical services (EMSs) after OHCA. Patients who had
cardiac arrest of definite non-medical etiology, such as
trauma, drowning, and poisoning, were excluded, as well as
patients with terminal-stage illnesses without active treat-
ment plan, those with documented do-not-resuscitate
(DNR) orders, and those who were under hospice care at
the time of onset of cardiac arrest. The KoCARC registry
included 7576 patients after OHCA who presented to 36
participating hospitals across South Korea between 1
October 2015 and 30 June 2018.

Participants

The population of the present study comprises patients who
presented to the ED in the hospital after OHCA. The fol-
lowing patients were included in the present study: (1)
adult patients aged > 18years, (2) patients hospitalized
after OHCA who had successful ROSC pre-hospital or at
the hospital, and (3) patients whose serum PCT levels were
measured upon hospital presentation. This study excluded
(1) patients aged < 18years, (2) patients who did not sur-
vive at hospital admission, and (3) patients whose serum
PCT levels were not measured upon hospital presentation.

Data collection

The KoCARC registry includes seven research fields clas-
sified based on the risk and prognostic factors of OHCA
(epidemiology and prevention research, community resus-
citation research, EMS resuscitation research, hospital
resuscitation research, hypothermia and post-resuscitation
care research, cardiac care resuscitation research, and pedi-
atric resuscitation research), and each field has core and
supplemental variables. In-hospital mortality and neuro-
logic outcomes at hospital discharge are core variables of
the patient information and outcome, and serum PCT level
is a supplemental variable of the hospital resuscitation
research field.

The neurologic outcome scores were divided into favora-
ble (CPC (cerebral performance categories) 1 and 2) and
unfavorable (CPCs 3-5) outcomes. Serum samples for PCT
were collected immediately after ROSC in the hospital or
upon hospital admission from patients who had successful
ROSC at pre-hospital. We tried to exclude elevation of
serum PCT level due to complications including bacterial
infection after ROSC. Single measurement of serum PCT
level was comparatively analyzed according to in-hospital
mortality and neurologic outcomes at hospital discharge of
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patients hospitalized after OHCA. The following blood
markers were also investigated: lactate, which has been
found in a previous study to be associated with the progno-
sis of patients requiring intensive care;® NSE, which is a
neurologic prognostic marker recommended in the AHA
guidelines;? and white blood cell count (WBC), which is
known to be associated with bacterial infections. C-reactive
protein (CRP) was not investigated; CRP is not a core and
supplemental variable in the KoCARC registry.

Among the variables studied in the registry, covariates
were prognostic factors that have been reported to be signifi-
cantly correlated to the survival and ROSC of patients after
OHCA %13 The covariates used for univariate analysis were
age, sex, presence of hypertension and diabetes, whether the
cardiac arrest was witnessed, bystander CPR (chest com-
pression), and shockable rhythm (ventricular fibrillation or
pulseless ventricular tachycardia) on initial electrocardio-
gram (EKG) after cardiac arrest. Pre-hospital ROSC, the
duration of cardiac arrest including the no-flow time (onset
of cardiac arrest—onset of CPR) and low-flow time (onset of
CPR—time of ROSC), the total amounts of epinephrine used
in hospital, and the application of targeted temperature man-
agement (TTM) were also used. Initial vital signs, Glasgow
Coma Scale (GCS), cause of arrest, patients’ premorbid
states, and acute physiology as well as chronic health evalu-
ation (APACHE II) or simplified acute physiology score
(SAPS 1I) after ROSC were not investigated in the registry.
Although history of patients including smoking, alcohol
ingestion, and application of extracorporeal membrane oxy-
genation (ECMO) were investigated, they were excluded
from the analysis as the data input rate was low.

The sample size was calculated based on a pilot study,
which examined and compared the mean serum PCT level
between non-survivors and survivors at hospital discharge
among the patients hospitalized after OHCA. The mean
serum PCT level of non-survivors and survivors were
6.35£20.02ng/dL and 1.25 £ 3.67ng/dL, respectively. The
estimated sample size calculation (G-power 3.1.9.2; Heine
Heinrich University, Diisseldorf, German) revealed a
required sample of 200 participants (effect size: 0.35, a-error:
0.05, power: 0.8); hence, at least 220 participants were
needed for the analysis to account for a 10% dropout rate.

Statistical analysis

To investigate the predictive value of serum PCT level as a
prognostic marker of adult patients hospitalized after
OHCA, this study used in-hospital mortality as the primary
outcome and neurologic outcome at hospital discharge as
the secondary outcome.

All statistical analyses were performed with the SPSS
software (version 21.0, IBM, Armonk, NY). Continuous
variables were presented as median (quartile), and cate-
gorical variables were presented as number (percentage).
Chi-square tests were conducted on categorical variables
for univariate analysis, and differences were considered

statistically significant when the p-value was less than
0.05. Independent samples #-tests were conducted when
variables had normal distribution in both groups, whereas
Mann—Whitney’s tests were conducted when the continu-
ous variables were not normally distributed. For both
independent samples f-tests and Mann—Whitney’s tests,
the differences were considered significant when the
p-value was less than 0.05. A multivariable logistic regres-
sion was conducted to investigate the independent influ-
ence of serum PCT level as a prognostic marker excluding
the influence of already known prognostic factors for
OHCA patients. Univariate analysis was conducted first
to select covariates to be included in the multivariate
regression model; here, variables with a p-value less than
0.10 and those selected by the researchers were included.

In addition, the diagnostic accuracy of serum PCT level
for predicting in-hospital mortality and neurologic out-
comes at hospital discharge of patients hospitalized after
OHCA was determined through an analysis of receiver
operating characteristic curves with area under the curve
(ROC with AUC).

Ethics statement

The study protocol was reviewed and approved by the
Institutional Review Board of Hanyang University Guri
Hospital (IRB No. GURI 2015-12-001-001), which waived
the requirement of informed consent. Approval for this
study was obtained from the institutional review boards of
each of the participating hospitals.

Results

Basic characteristics of the patients
hospitalized after OHCA whose serum PCT
levels were measured

The data of 7576 patients after OHCA were included in the
KoCARC database between 1 October 2015 and 30 June
2018 (Figure 1). Among these, 254 patients were hospitalized
with successful ROSC after OHCA and their serum PCT lev-
els were measured and analyzed in this study (Table 1). The
median age of the patients included in this study was
63.5years (interquartile range (IQR): 53.0-76.0), and 64.6%
were male. Out of the 254 patients, 139 (54.7%) died in the
hospital and 185 (72.8%) showed unfavorable outcomes at
hospital discharge. The median hospital length of stay was
8.0days (IQR: 3.0-15.0).

Relationship between serum PCT level and
in-hospital mortality of patients hospitalized
after OHCA

The association of serum PCT level measured upon hospi-
tal presentation with in-hospital mortality of patients hospi-
talized after OHCA was analyzed (Table 2). Serum PCT
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level was significantly elevated in non-survivors compared
to survivors (0.17ng/dL (IQR: 0.05-0.18) vs. 0.10ng/dL
(IQR: 0.05-0.39), p=0.017, respectively). Moreover,

7,576 patients after OHCA
enrolled in the KOCARC registry
(Oct 2015 — Jun 2018)

Inclusion criteria

* Age=18years
* Patients hospitalized with successful ROSC after OHCA

* PCT measured

Exclusion criteria

+ Irrelevant population: 5,321

Age < 18 years: 227

Patients without survival to hospital admission: 5,094
¢ Irrelevant outcomes: 2,001

PCT not measured: 2,001

Total 7,322 patients excluded

254 patients included in analysis

Figure 1. Flow diagram of included patients whose serum
procalcitonin levels were examined and those who had
neurologic outcomes recorded at hospital discharge.

non-survivors had higher NSE and lactate levels compared
to survivors. WBC did not differ significantly between the
two groups (p=0.316).

The following variables showed a significant correlation
with the in-hospital mortality of patients hospitalized after
OHCA in the univariate analysis: age, sex, presence of
hypertension and diabetes, shockable rhythm on initial
EKG, pre-hospital ROSC, low-flow time, total amounts of
epinephrine, application of TTM, and serum PCT level.
Table 3 shows the results of the test of significance of vari-
ables that were thought to influence the in-hospital mortal-
ity of patients hospitalized after OHCA independently. The
factors that independently influenced the in-hospital mor-
tality of patients were age, shockable rhythm on initial
EKG, total amounts of epinephrine, and application of
TTM. Although age, sex, presence of hypertension, pre-
hospital ROSC, low-flow time, and serum PCT level were
significant in the univariate analysis, they were not signifi-
cant in the multivariate analysis (p=0.750).

Relationship between serum PCT level and
neurologic outcomes at hospital discharge of
patients hospitalized after OHCA

The relationship between serum PCT level and neurologic
outcomes at hospital discharge of patients hospitalized after
OHCA was also analyzed (Table 4). Serum PCT level was
significantly elevated in patients with unfavorable outcomes

Table I. Comparison of the characteristics between patients included in this study with serum procalcitonin level measured and
those who did not, in total patients with return of spontaneous circulation after out-of-hospital cardiac arrest.

Total ROSC patients Included patients PCT unmeasured patients p-value
N=2255 N=254 N=2001
Characteristics
Age, years 62.0 (51.0-74.0) 63.5 (53.0-76.0) 62.0 (51.0-73.0) 0.016
Gender, male 1604 (71.1) 164 (64.6) 1440 (72.0) 0.014
HTN, yes 953 (42.3) 120 (47.2) 833 (41.6) 0.237
DM, yes 600 (26.6) 84 (33.1) 516 (25.8) 0.030
Resuscitation
Witnessed, yes 1700 (75.4) 171 (67.3) 1529 (76.4) 0.001
Bystander CPR, yes 1128 (50.0) 116 (45.7) 1012 (50.6) 0.050
Shockable rhythm, yes 842 (37.3) 71 (28.0) 771 (38.5) 0.001
Pre-hospital ROSC, yes 862 (38.2) 84 (33.1) 778 (38.9) 0.073
No-flow time, min 7.0 (5.0-9.0) 7.0 (5.0-11.0) 7.0 (5.0-9.0) 0.060
Low-flow time, min 19.0 (9.0-32.0) 13.0 (6.0-25.0) 19.0 (10.0-33.0) <0.001
Amounts of epinephrine, mg 2.0 (0-4.0) 2.0 (1.04.0) 2.0 (0-4.0) 0.256
TTM, yes 644 (28.6) 103 (40.6) 541 (27.0) <0.001
Outcome
In-hospital mortality, yes 1311 (58.1) 139 (54.7) 1172 (58.6) 0.242
Unfavorable outcome, yes 1622 (71.9) 185 (72.8) 1437 (71.8) 0.733
Hospital length of stay, day 7.0 (2.0-14.0) 8.0 (3.0-15.0) 6.0 (2.0-14.0) 0.206

ROSC: return of spontaneous circulation; PCT: procalcitonin; HTN: hypertension; DM: diabetes mellitus; CPR: cardiopulmonary resuscitation; TTM:

targeted temperature management.

Categorical and continuous variables are represented by number (%) and median (interquartile range), respectively.
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Table 2. Univariate analysis for factors associated with in-hospital mortality.
Non-survivors Survivors p-value
N=139 N=115
Characteristics
Age, years 70.0 (57.0-79.0) 59.0 (50.0-72.0) <0.001
Sex, male 82 (59.0) 82 (71.3) 0.041
HTN, yes 76 (54.7) 44 (38.3) 0.004
DM, yes 56 (40.3) 28 (24.3) 0.003
Resuscitation
Witnessed, yes 88 (63.3) 83 (72.2) 0.080
Bystander CPR, yes 57 (41.0) 59 (51.3) 0.130
Shockable rhythm 22 (15.8) 49 (42.6) <0.001
Pre-hospital ROSC, yes 25 (18.0) 59 (51.3) <0.001
No-flow time, min 8.0 (6.0-11.0) 7.0 (5.0-9.0) 0.114
Low-flow time, min 14.5 (8.0-26.0) 10.0 (5.0-23.0) 0.034
Amounts of epinephrine, mg 3.0 (3.0-5.0) 1.5 (0-3.0) <0.001
TTM, yes 44 (31.7) 59 (51.3) 0.002
Blood markers
PCT (ng/dL) 0.17 (0.05-1.18) 0.10 (0.05-0.39) 0.017
NSE (ng/mL) 39.3 (32.1-52.3) 30.1 (24.1-46.3) 0.003
Lactate (mmol/L) 12.5 (9.8-16.0) 9.6 (6.1-12.8) <0.001
WBC (10%/mm?) 12.1 (9.1-17.0) 12.5 (10.3-16.5) 0.316
Outcome
Hospital length of stay, day 3.0 (2.0-6.0) 13.0 (8.0-21.0) <0.001

HTN: hypertension; DM: diabetes mellitus; CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation; TTM: targeted
temperature management; PCT: procalcitonin; NSE: neuron-specific enolase; WBC: white blood cell.
Categorical and continuous variables are represented by number (%) and median (interquartile range), respectively.

Table 3. Adjusted odds ratios for the factors associated with
in-hospital mortality.

Variable Multivariate analysis

Odds ratio (95% ClI) p-value

Age 1.031 (1.007-1.056) 0.012
Sex 0.717 (0.346—1.488) 0.372
HTN 1.121 (0.494-2.541) 0.785
DM 1.370 (0.592-3.168) 0.462
Shockable rhythm 0.377 (0.164-0.868) 0.022
Pre-hospital ROSC 0.657 (0.231-1.873) 0.657
Low-flow time 1.006 (0.966—1.036) 0.680
Amounts of epinephrine 1.362 (1.167—1.590) <0.001
TT™ 0.427 (0.212-0.859) 0.017
PCT 1.005 (0.976—1.035) 0.750

CI: confidence interval; HTN: hypertension; DM: diabetes mellitus;
ROSC: return of spontaneous circulation; CPR: cardiopulmonary
resuscitation; TTM: targeted temperature management; PCT:
procalcitonin.

at hospital discharge compared to those with favorable out-
comes (0.16ng/dL (IQR: 0.06-1.10) vs. 0.07ng/dL (IQR:
0.04-0.22), p<<0.001, respectively). Moreover, the unfa-
vorable outcome group at hospital discharge had higher lac-
tate levels than the favorable outcome group. NSE and

WBC did not show significant difference between the
groups.

The following variables showed significant correlation
with neurologic outcomes at hospital discharge of patients
hospitalized after OHCA in the univariate analysis: age,
sex, presence of hypertension and diabetes, shockable
rhythm on initial EKG, pre-hospital ROSC, total amounts
of epinephrine, application of TTM, and serum PCT level.
Table 5 shows the results of the test of significance of vari-
ables that were thought to independently influence the neu-
rologic outcomes of patients hospitalized after OHCA. The
factors that independently influenced the neurologic out-
comes at hospital discharge of patients were age, shockable
rhythm on initial EKG, pre-hospital ROSC, and the total
amounts of epinephrine. Although sex, presence of hyper-
tension and diabetes, application of TTM, and serum PCT
level were significant in the univariate analysis, they were
not significant in the multivariate analysis.

Diagnostic accuracy of serum PCT level

for predicting in-hospital mortality and

unfavorable outcome at hospital discharge

The diagnostic accuracy of blood marker tests for predicting

in-hospital mortality and unfavorable outcome at hospital
discharge of patients hospitalized after OHCA was analyzed
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Table 4. Univariate analysis of factors associated with neurologic outcome at hospital discharge.

Unfavorable outcome Favorable outcome p-value
N=185 N=69
Characteristics
Age, years 69.0 (58.0-77.0) 54.0 (47.0-62.0) <0.001
Sex, male 112 (60.5) 52 (75.4) 0.028
HTN, yes 95 (51.4) 25 (36.2) 0.014
DM, yes 71 (38.4) 13 (18.8) 0.001
Resuscitation
Witnessed, yes 122 (65.9) 49 (71.0) 0.330
Bystander CPR, yes 79 (42.7) 37 (53.6) 0.140
Shockable rhythm, yes 31 (16.8) 40 (58.0) <0.001
Pre-hospital ROSC, yes 38 (20.5) 46 (66.7) <0.001
No-flow time, min 8.0 (6.0-11.0) 7.0 (5.0-9.0) 0.181
Low-flow time, min 13.0 (7.0-27.0) 12.0 (5.0-21.0) 0.241
Amounts of epinephrine, mg 3.0 (2.0-5.0) 0.5 (0.0-1.0) <0.001
TTM, yes 66 (35.7) 37 (53.6) 0.009
Blood markers
PCT (ng/dL) 0.16 (0.06—1.10) 0.07 (0.04-0.22) <0.001
NSE (ng/mL) 37.7 (27.4-50.7) 31.0 (24.9-42.1) 0.115
Lactate (mmol/L) 12.1 (8.6—15.0) 7.0 (4.9-12.8) <0.001
WBC (10%/mm?3) 12.3 (9.3-16.9) 12.4 (10.2—16.1) 0.777
Outcome
Survival discharge, yes 46 (24.9) 69 (100) <0.001
Hospital length of stay, day 5.0 (2.0-11.0) 13.0 (8.0-20.0) <0.001

HTN: hypertension; DM: diabetes mellitus; CPR: cardiopulmonary resuscitation; ROSC: return of spontaneous circulation; TTM: targeted
temperature management; PCT: procalcitonin; NSE: neuron-specific enolase; WBC: white blood cell.
Categorical and continuous variables are represented by number (%) and median (interquartile range), respectively.

Table 5. Adjusted odds ratios for the factors associated with
unfavorable outcome at hospital discharge.

Variable Multivariate analysis

Odds ratio (95% ClI) p-value

Age 1.053 (1.020-1.087) 0.001
Sex 0.727 (0.270-1.958) 0.529
HTN 2.134 (0.673-6.761) 0.198
DM 1.009 (0.325-3.132) 0.988

Shockable rhythm 0.225 (0.090-0.562) 0.001
Pre-hospital ROSC 0.362 (0.133-0.987) 0.047
Amounts of epinephrine 1.247 (1.040-1.496) 0.017

™ 0.545 (0.212—-1.404) 0.209
PCT 1.043 (0.945—-1.150) 0.405

Cl: confidence interval; HTN: hypertension; DM: diabetes mellitus;
ROSC: return of spontaneous circulation; TTM: targeted temperature
management; PCT: procalcitonin.

(Figure 2). ROC with AUC analysis was conducted for
serum PCT level, lactate level, and NSE (Table 6).

The diagnostic accuracy of serum PCT level for predict-
ing in-hospital mortality was 0.587 (95% CI: 0.517-0.657,
p=0.017, cut-off=0.12ng/dL, specificity=57.4%), while
the diagnostic accuracy of lactate level for predicting

in-hospital mortality was 0.670 (95% CI: 0.601-0.738,
»<<0.001), and that of NSE was 0.661 (95% CI: 0.557—
0.765, p=0.003).

In addition, the diagnostic accuracy of serum PCT level
for predicting unfavorable outcome at hospital discharge
was 0.646 (95% CIL: 0.571-0.721, p<0.001, cut-
oftf=0.11ng/dL, specificity=62.3%) and that of lactate
level for predicting unfavorable outcome was 0.669 (95%
CI: 0.588-0.751, p<<0.001). NSE did not show a signifi-
cant diagnostic accuracy for predicting unfavorable out-
come at hospital discharge of patients hospitalized after
OHCA.

Discussion

This study analyzed the association between serum PCT
level measured in patients hospitalized after OHCA and
their outcomes. Elevated serum PCT level in patients was
associated with increased in-hospital mortality and unfa-
vorable outcome. However, serum PCT level was not con-
sidered as an independent factor for predicting the outcomes
of patients. Moreover, serum PCT level had a low diagnos-
tic accuracy for predicting in-hospital mortality and unfa-
vorable outcome at hospital discharge of patients.
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Figure 2. ROC curve analysis of (a) procalcitonin, (b) lactate, and (c) neuron specific enolase for predicting in-hospital mortality
and ROC curve analysis of (d) procalcitonin, (e) lactate, and (f) neuron-specific enolase for predicting unfavorable outcome
(cerebral performance categories 3—5) at hospital discharge in out-of-hospital cardiac arrest patients.

ROC: receiver operating characteristic.

Table 6. AUC and cut-off value of procalcitonin, lactate, and neuron-specific enolase for predicting in-hospital mortality and
unfavorable outcome at hospital discharge in patients hospitalized after out-of-hospital cardiac arrest.

In-hospital mortality

Unfavorable outcome

N AUC (95% ClI) Cut-off Specificity p-value AUC (95% ClI) Cut-off Specificity p-value

point point
PCT, ng/dL 254 0.587 (0.517-0.657) 0.12  0.574 0.017 0.646 (0.571-0.721)  0.11 0.623 <0.001
Lactate, mmol/L 242 0.670 (0.601-0.738) 1145  0.595 <0.001 0.669 (0.588-0.751) 10.75  0.615 <0.001
NSE, ng/mL 115 0.661 (0.557-0.765) 35.15  0.630 0.003 0.601 (0.481-0.720) 3454  0.593 0.115

AUC: area under the receiver operating characteristic curve; Cl: confidence interval; PCT: procalcitonin; NSE: neuron-specific enolase.

PCT is a peptide precursor to calcitonin, a hormone
secreted by the thyroid gland to regulate calcium levels,
and is produced by enzymatic degradation of pre-PCT by
endopeptidase.!® PCT consists of 116 amino acids, and its
synthesis is regulated by the calcitonin-1 gene (CALC-1)
on chromosome 11. Serum PCT level starts to increase
within 2-3 h due to inflammatory responses and peaks after
612 h; its half-life is 20-24 h.'# Therefore, PCT is known
to be helpful in the early diagnosis of sepsis, systemic
inflammatory response, and in planning antibiotic treat-
ment in patients with bacterial infection.*

PCT is also known to increase in patients with PCAS.”
The level of calcitonin gene-related peptide (CGRP)

increases during ischemia/reperfusion of the brain, which
promotes the production of CALC-1 and increases serum
PCT level.* Patients with successful ROSC after cardiac
arrest also have brain ischemia/reperfusion, similar to acute
ischemic stroke patients; and the serum PCT levels may
increase without bacterial infection through the same
mechanism.'> Annborn et al. reported that increased serum
PCT level in patients with PCAS is not specific for bacte-
rial infection but rather reflects nonspecific inflammatory
responses.!® Moreover, the authors explained that serum
PCT level is a marker that shows the duration of systemic
ischemia during cardiac arrest. Serum PCT level measured
to diagnose bacterial infection in patients with PCAS has



50

Hong Kong Journal of Emergency Medicine 30(1)

been reported to carry a low diagnostic accuracy.'®!” Tang
et al.,'® who conducted a meta-analysis with 18 studies,
also reported that serum PCT level has a low diagnostic
accuracy in diagnosing sepsis from systemic inflammatory
responses in critically ill patients who were admitted at the
intensive care unit.

However, serious bacterial infection or sepsis may arise
in patients with PCAS, which may influence the prognosis
of patients with successful ROSC.!° Bacterial infection,
including pneumonia commonly observed in patients with
PCAS, has been reported to significantly increase the serum
PCT level.?’ Given that this may cause confusion in pre-
dicting the prognosis of patients, systemic inflammatory
responses due to infection should be ruled out if serum PCT
level increases in patients with PCAS. Moreover, elevated
serum PCT level may guide the attending physician on anti-
biotics treatment for underlying bacterial infection, which
may also affect the prognosis of patients if there is any sig-
nificant infection. Thus, to identify the more precise asso-
ciation between serum PCT level and the prognosis in
patients with PCAS, a further study of patients excluding
those whose cardiac arrest was caused by bacterial infec-
tion or sepsis is needed. Moreover, early complications of
bacterial infection from patients with PCAS should be eval-
uated and excluded.

The diagnostic accuracy of serum PCT level in this
study was lower than that measured in previous studies to
predict in-hospital mortality.!" Serum PCT also had a low
diagnostic accuracy for predicting unfavorable outcome at
hospital discharge. Although NSE did not show significant
results, the diagnostic accuracy of serum PCT level was
lower than that of lactate level. The diagnostic accuracy of
serum PCT level was also lower than that reported by pre-
vious studies to predict unfavorable outcomes of
patients. %1213

South Korean OHCA patients were included in this
study, and it was conducted in Northeast Asia, not in
Europe or America. Early chest compressions and defibril-
lation are important factors that influence the survival rate
of OHCA patients.?"?> The conditions of pre-hospital CPR
in Korea may be different from that of other countries. Pre-
hospital CPR in South Korea showed a relatively low fre-
quency of shockable rhythms on initial EKG after cardiac
arrest, low rate of pre-hospital defibrillation, low fre-
quency of bystander CPR (worldwide=32% vs. South
Korea=12.2%),>?* and a relatively long median time
required until defibrillation (Europe=7-11min, United
States and Canada=8.7min, Japan=9min vs. South
Korea=17min).>>"?’ According to Berdowski et al.,”® in a
systematic review and meta-analysis conducted with 67
prospective studies (30 European, 24 North American, 7
Asian, and 6 Australian) showed that the worldwide fre-
quency of shockable rhythm on EKG in OHCA patients
was 26.9% (Europe=35.2%, North America=28.1%,
Asia=11.2%, Australia=39.8%), which differs signifi-
cantly from the frequency of 11.1% in South Korea.

Moreover, the survival rate of OHCA patients depended
on the efficiency of EMSs in local communities and the
supply of automated external defibrillators.?’ The number
of acute cardiac arrest patients in South Korea increased
approximately 1.5-fold in 12 years between 2006 (19,480)
and 2016 (29,382). Assuming that approximately 30,000
cases of cardiac arrest are seen in South Korea every year,
approximately 9.2% of all cases would have been entered
into the KoCARC registry. The 36 participating hospitals
for the KoCARC registry are large hospitals located in cit-
ies with populations of more than 200,000, and the charac-
teristics of patients presenting to these hospitals may differ
from those of the general OHCA patients.

Serum PCT level is a supplemental variable of the
KoCARC registry and is not routinely measured from
patients after OHCA. It is possible that serum PCT level
was measured selectively as patients included in this study
were thought to likely have ROSC, or measured addition-
ally to identify the cause of cardiac arrest when its cause is
unclear after successful ROSC. Moreover, it may also have
been measured additionally to confirm complications when
patients showed septic conditions after ROSC. To more
accurately analyze the predictive values of serum PCT
level as a prognostic marker in PCAS patients, prospective
studies measuring serum PCT level in more patients with
successful ROSC are required.

This study, which is a retrospective observational study
conducted using a prospectively collected multi-center data
registry, has the following limitations. First, although the
KoCARC registry was used to better represent South
Korea, the results are applicable only to South Koreans and
the actual results may differ depending on race or country.
Second, serum PCT level was measured in only a small
proportion of adult patients hospitalized after OHCA.
Given that the patients included in this study and all patients
with successful ROSC had different basic characteristics,
there could have been a selection bias. Serum PCT level,
which is a supplemental variable of the KoCARC registry,
was measured in a small proportion of patients (3.5%), and
the time of measurement of serum PCT level could be a
variable. Third, as limitations for a registry-based study,
bias in data entry and extraction as well as statistical bias
from missing values may have been present. Fourth, the
patients included in this study were admitted for a median
of 8 days, and their prognosis might have differed from this
study’s results if long-term prognosis after 30days was
evaluated. Given that previous research suggests that
patients’ neurologic outcomes at discharge may change up
until 6months later,’* additional studies evaluating the
long-term outcomes of patients with successful ROSC and
their serum PCT level are required.

NSE and S-100B are the most commonly used blood
markers for predicting and evaluating the outcomes of PCAS
patients.? However, many studies have shown that NSE and
S-100B measured 24 h after ROSC are significant.’'* To
predict and evaluate the prognosis of PCAS patients earlier,
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future studies would be needed to investigate appropriate
combinations of serum PCT level and other blood markers,
such as conventionally used NSE and S-100B.

Conclusion

Elevated serum PCT level measured at hospital presenta-
tion of patients hospitalized after OHCA was associated
with increased in-hospital mortality and unfavorable out-
come. However, serum PCT level could not be considered
as an independent factor to predict the outcomes of
patients, and serum PCT level had a low diagnostic accu-
racy for predicting in-hospital mortality and unfavorable
outcome.
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