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Abstract

Aim: This study aimed to seek evidence for the usefulness of the procalcitonin as a prognostic blood biomarker for outcomes in post-cardiac arrest
patients.

Methods: We systematically searched MEDLINE, EMBASE, and the Cochrane Library (search date: 8 January, 2019). Studies on patients who
experienced return of spontaneous circulation, who had out of hospital cardiac arrest and had their level of procalcitonin measured and outcomes
assessed at and after hospital discharge, were included. We additionally performed subgroup analyses for confounding factors affecting patients’
outcomes. To assess the risk of bias of each included study, the Quality in Prognosis Studies tool was used.

Results: A total of 1065 patients from 10 studies were finally included. Elevated procalcitonin level during hospital admission (at 0-24 h) was associated
with in-hospital mortality (standardized mean difference (SMD) 0.64, 95% confidence interval (Cl) 0.33-0.95, I = 26%). The elevation of procalcitonin
level (at 0-48 h) was also associated with poor neurologic outcomes (at 0-24 h, SMD 0.61; 95% Cl 0.44-0.79, 1> = 0%; at 24-48 h, SMD 0.58, 95% Cl
0.35-0.82, 12=0%) as well as at +-6 months (at 24-48 h, SMD 0.62; 95% Cl 0.36-0.88, |12=0%).

Conclusions: Overall, the findings suggested that an elevated procalcitonin level measured at 0-48 h of post-cardiac arrest syndrome was associated
with poor outcomes.
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Introduction

The post-cardiac arrest syndrome (PCAS) is a systemic inflammatory
response syndrome observed in patients who experience return of
spontaneous circulation (ROSC) following cardiac arrest (CA).'
PCAS is associated with high morbidity and mortality,’ and is
increasingly recognized as an important determinant of outcomes
following CA.2® Thus, better diagnostic tools for predicting patient
outcomes at early time-points following treatment are needed. Recent
guidelines recommend using electroencephalography, somatosen-
sory evoked potentials, brainimaging tests and blood markers as tools
for assessing neurologic outcomes.* Blood markers including neuron
specific enolase (NSE) and S-100B are unlikely to be affected by
drugs such as sedatives and are easy to assess®; however, serum
NSE and S-100B have low sensitivity and an inconsistent threshold for
predicting neurologic outcomes after ROSC.*¢®

The outcome of patients with PCAS is largely dependent on the
duration of whole body ischemia and the subsequent release of
inflammatory mediators during reperfusion.® The systemic ischemia/
reperfusion of CA with associated oxygen deficiency causes immune
system activation and coagulation pathways, increasing the risk of
multiple organ failure and infection.® This state has many features in
common with sepsis.’

Procalcitonin (PCT) can be used for recognition and severity
stratification of PCAS. Previous studies also reported the prognostic
value of PCT after ROSC and some found that an elevated PCT level
was associated with poor outcomes.'™2° Hence, we performed the
first systematic review and meta-analysis to identify the impact of PCT
as a prognostic biomarker for outcomes in post-cardiac arrest
patients.

Methods

Our study was based on the principles outlined in the Meta-analysis of
Observational Studies in Epidemiology (MOOSE)?' and the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRIS-
MA) guidelines.?? The protocol was registered at http://www.crd.york.
ac.uk/PROSPERO/ (CRD42019121329).

We devised a question based on population, intervention,
comparison, and outcome (PICO). We performed a literature search
on critical assessments and summarized the eligible studies; their
outcomes were then evaluated in a meta-analysis. The PICO question
was as follows: population (P) = post-cardiac arrest adult patients after
ROSC; intervention (l)=serum PCT level; comparator (C)=none;
outcome (O) =outcomes.

Search strategy

We performed an extensive database search for studies evaluating
the prognostic impact of PCT in adult patients with cardiac arrest. A
literature search was performed by two experienced reviewers (H.
Shin and J. Kim) on 8 January, 2019. The search encompassed the
MEDLINE and EMBASE databases via the Ovid interface, and the
Cochrane library without language restriction. Additionally, we
manually checked the references of eligible studies to find related
studies.

Search terms included “cardiac arrest” or “cardiopulmonary
resuscitation” or “CPR” or “return of spontaneous resuscitation” or

“ROSC” or “advanced cardiac life support” and “PCT” (Supplementary
Table 1). We included all articles that reported any prospective or
retrospective cohort studies that addressed our PICO question.

Study selection

Two reviewers (H. Shin and J. Kim) checked the title, abstract, and
type of each article and independently selected all studies on the basis
of predefined selection criteria.

The exclusion criteria were as follows: irrelevant populations
(patients without sustained ROSC, and patients with sepsis or
bacterial infection), irrelevant outcomes, duplicate data or studies,
reviews, case reports, editorials, letters, comments, or meta-
analyses, animal studies, and studies on paediatric populations.
We excluded duplicate articles after comparing the title, authors, and
year of publication of all identified studies. In case of disagreement
between the two reviewers, a third reviewer (W. Kim) intervened, and
differences were discussed until a consensus was reached. After
eliminating the excluded abstracts, we acquired the full-texts of the
selected articles, which were then rescreened and evaluated more
thoroughly for eligibility using the same inclusion and exclusion
criteria.

Ultimately, our selected studies included (1) adult patients with
ROSC (2) those whose PCT levels were examined and (3) those who
had neurologic outcomes recorded during admission or after
discharge and in-hospital mortality.

Data extraction

Two reviewers (H. Shin, J. Kim) independently extracted the relevant
data regarding patients in the included studies. Discrepancies
between reviewers were discussed and resolved by consensus.
The following variables were extracted: the first author’'s name, year of
publication, country in which the study was conducted, inclusion
period, study type, sample size, cardiac arrest type (out-of-hospital
CA; OHCA vs. in-hospital CA; IHCA), number of patients with in-
hospital mortality and poor neurologic outcome (PNO), equipment
used for PCT measurement, PCT sampling time (at 0-24 h vs. at 24~
48 h), tool (Glasgow Outcome Scale; GOS and Cerebral Performance
Category Scale; CPC), time points of outcome measurement (at 0-1
month: within 1 month, at -6 months: notinclude 1 month butinclude
6 months, at 6-12 months: not include 6 months but include 12
months), and mean (+SD) PCT level. If the latter was not available,
estimated mean (+SD) values were calculated from the median
values with interquartile ranges using the method of Wan et al.® The
neurologic outcome scores were divided into good or poor based on
the GOS (4-5: good outcome; 1-3: poor outcome) and CPC (1-2: good
outcome; 3-5: poor outcome). Some studies that did not meet these
criteria are represented in Table 1. If none of these variables were
described in the studies, we sent relevant questions to the
corresponding authors via email.

Risk of bias in individual studies

The methodological quality of eight identified studies were indepen-
dently assessed by two reviewers (H. Shin and J. Kim) with blinding to
authorship and journal using the Quality in Prognosis Studies (QUIPS)
tool, with values of 2, 1, and 0 considered to be low, unclear, and high
risk, respectively.>* We categorized a study as high quality if it
achieved a score of nine or more points in the sum of each seven-item
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score. Unresolved disagreements between reviewers were resolved
by discussion or review by the third author.

Statistical analysis

Inthe main analysis, we examined the association between the PCT level
and outcomes among patients with ROSC. The strength of association
between elevated PCT level and poor outcomes (in-hospital mortality and
PNO) was measured by the standardized mean differences (SMD) using
a random effects model.?® This model was also used to synthesize the
individual data of included studies considering the diversity of countries,
medical systems, and inclusion periods. PCT levels across comparison
groups were extracted as mean differences with 95% confidence
intervals (Cls).

To measure heterogeneity, I statistics were used to estimate the
proportion of between-study inconsistency due to the true differences
between studies (rather than differences due to random error or
chance), with values of 25%, 50%, and 75% considered to be low,
moderate, and high, respectively.®

We performed planned subgroup analyses for the following
confounders: in-hospital mortality (>40% vs. <40% vs. unknown);
PNO (>50% vs. <50%); sample size (>60 vs. <60); OHCA (100% vs.
<100%); Age (>65 years vs. <65 years); male (>70% vs. <70%);
shockable rhythm (>60% vs. <60% vs. unknown); therapeutic
hypothermia (TTM) (100% vs. <100% vs. unknown), severity score
(Acute Physiology and Chronic Health Evaluation [APACHE] Il vs.
Simplified Acute Physiology Score [SAPS] Il vs. unknown); cumulative
vasopressor dose (reported vs. unknown); and study quality (low vs.
high). For specific confounders such as in-hospital mortality, PNO,
sample size, male, and shockable rhythm, the calculated median
value from all studies was used as a reference to perform subgroup
analysis for neurologic outcome.

We used Review Manager version 5.3 (Cochrane Collaboration,
Oxford, UK) to perform the statistical analysis, and a P-value <0.05
was considered statistically significant. Identification of publication
bias was also performed by the R packages ‘meta’ (R version 3.3.2).
Publication bias was assessed using a funnel plot and Egger’s test.
The asymmetry of the funnel plot and P-value (<0.05) using Egger’s
test indicated that bias existed.

Results
Study selection and characteristics of included studies

A total of 408 records were identified through database searching
(Fig. 1). After removing 51 duplicates, the titles and abstracts for 357
records were screened for eligibility. Of these, 42 records were
identified as being potentially relevant, and full-text articles were
retrieved for a more thorough review. After excluding 32 manuscripts
following full-text assessment of the articles, ten studies, which
enrolled 1065 patients, were included in the meta-analysis. Nine were
full publications and one was a conference abstract.

The main characteristics of the 10 eligible studies are shown in
Table 1. In addition, patients’ baseline characteristics are provided in
Supplementary Table 2. Two studies reported in-hospital mortality as
patients’ outcome. Eight studies focused on ROSC after CA and had
neurologic outcomes as the main outcome measurements. Eight
studies were single centre studies conducted in Europe and two were
multinational studies. Four studies included only OHCA patients, one
study included only IHCA patients, and four studies included both
OHCA and IHCA patients. PCT was measured at 0-24h in eight
studies, at 24-48 h in six studies. In four studies, PCT was measured
both at 0-24h and at 24-48h. Five studies assessed neurologic

— 408 Records identified through
database searching
s
= 350  MEDLINE
& 58  EMBASE
=
§
R
=
357 Records after duplicates removed
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£
:
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by assessing both titles and abstracts
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44 Full-text articles 34 Full-text articles excluded with
2z assessed for eligibility following reasons:
3
» 13 Irrelevant outcomes
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5 Duplicated data
) 10 Studies included in 3 Letter
qualitative synthesis 2 Review
() 1 Casereport
' 1
T=: 10 Studies included in
= quantitative synthesis
(meta-analysis)

Fig. 1 - Flow diagram of studies included in the meta-analysis.
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Poor Good Std. Mean Difference Std. Mean Difference
Study or Subaroup  Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Adib-conquy 2007 1.408 2.877 40 0547 0692 14 22.0% 0.34 [-0.27,0.95] i
Isenschmid 2018 2613 434 156 0.393 0591 165 78.0% 0.73[0.50, 0.95] -
Total (95% CI) 196 179 100.0% 0.64[0.33, 0.95] ->
Heterogeneity: Tau®= 0.02; Chi*= 1.36, df= 1 (P = 0.24); F= 26% k= g 0 ; 2‘

Test for overall effect: Z= 3.99 (P < 0.0001)

Death Survival

Fig. 2 - Forest plot of the effect of elevated PCT level at 0-24 h and in-hospital mortality.

outcomes according to the CPC, and considered a CPC of 3-5 as a
poor neurologic outcome. Three studies evaluated patients using the
GOS, and a score of 1-3 was considered a poor neurologic outcome.
OK et al. divided patients into two groups (GOS 1-3: good outcome/
GOS 4-5: poor outcome).'® Assessment tool and time point of
outcome measurement at discharge or after hospital discharge are
recorded in Table 1.

Quality of the included studies

Among the 10 studies that were included in this present study, using
the quality scoring system, three out of 10 studies were rated as low-
quality.""">'® The following major factors affected the study quality:
selection bias by random sequence generation, attrition bias by
incomplete outcomes data and reporting bias by selective reporting
bias. The summary of our risk of bias assessment of the studies
included is shown in Supplementary Fig. 1.

Main analysis

Ten relevant studies including 1065 patients were analysed. Two
studies reported differences in PCT level between the survivors and

Poor Good

Study or Subaroup _Mean SD_Total Mean

3.1.1 at hospital discharge

Krzych 2017 4287 5986 38 1.587 1.288 32 13.2%
Ok 2016 1613 3038 11 1077 12985 19 5.5%
Subtotal (95% CI) 49 51 18.8%
Heterogeneity: Tau®= 0.00; Chi*= 0.58, df=1 (P = 0.45); F= 0%

Test for overall effect: Z= 2.39 (P = 0.02)

3.1.2 at 0-1 month

Fries 2003 0.5 1.3 16 0.03 0.07 7 3.8%
Varon 2015 343 10762 34 1.44 2778 21 10.3%
Subtotal (95% CI) 50 28 14.1%
Heterogeneity: Tau®= 0.00; Chi*=0.12, df=1 (P = 0.73); F= 0%

Test for overall effect: Z=1.16 (P = 0.25)

3.1.3 at 1-6 months

Annborn 2013 334 545 42 0233 0307 42 155%
Subtotal (95% CI) 42 42 15.5%
Heterogeneity: Not applicable

Test for overall effect: Z= 3.51 (P = 0.0004)

3.1.4 at 6-12 months

Pekkarinen 2017 0557 0.816 142 0141 0188 133 51.7%
Subtotal (95% Cl) 142 133 51.7%
Heterogeneity: Not applicable

Test for overall effect: Z=5.56 (P < 0.00001)

Total (95% CI) 283 254 100.0%

Heterogeneity: Tau?= 0.00; Chi*= 4.09, df=5 (P = 0.54); = 0%
Test for overall effect: Z= 6.85 (P < 0.00001)
Test for subarounp differences: Chi*= 3.39. df=3 (P = 0.34). F=11.5%

Std. Mean Difference
SD Total Weight IV. Random.95% Cl

0.59(0.11,1.07)
0.25-0.50, 0.99)
0.49 [0.09, 0.90]

0.41 [-0.48, 1.31]
0.23-0.32,0.77)
0.28 [-0.19, 0.74]

0.80 [0.35, 1.24]
0.80 [0.35, 1.24]

0.69 [0.45, 0.93)
0.69 [0.45, 0.93]

0.61 [0.44, 0.79]

non-survivors. Eight studies reported differences in PCT level
between the GNO group and the PNO group.

The value of PCT measured at 0-24 h for predicting in-hospital

mortality

The PCT level measured at 0-24 h during hospital admission was
relatively higher in non-survivors than survivors, demonstrating a
positive association with an overall SMD [(mean value in the non-
survivors—mean value in survivors)/pooled SD] of 0.64 (95% Cl, 0.33-
0.95; 17=26%; P < 0.001, Fig. 2).

The value of PCT measured at 0-24 h for predicting neurologic
outcomes according to the time points for measuring neurologic
outcome (at hospital discharge vs. at 0-1 month vs. at -6 months
vs. at 6-12 months)

In our meta-analysis, the PCT level at 0-24h during hospital
admission was found to be significantly elevated in the PNO group
compared to the GNO group, demonstrating a positive association
with an overall SMD [(mean value in the PNO group— mean value in
the GNO group)/pooled SD] of 0.61 (95% Cl, 0.44-0.79; 12=0%;
P <0.001, Fig. 3). In the analysis for predicting neurologic outcome at
hospital discharge, the PCT level in the PNO group was relatively

Std. Mean Difference
1IV. Random. 95% Cl

—~—

—e—
+
-

i

-2 -1 0
Poor neurologic outcome Good neurologic outcome

Fig. 3 - Forest plot of the effect of elevated PCT level at 0-24 h and poor neurologic outcome.
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higher than that of the GNO group (2 studies; SMD, 0.49; 95% ClI,
0.09-0.90; I=0%; P=0.02). There was no statistically significant
difference in PCT level for predicting neurologic outcomes at 0-1
month between the PNO and GNO groups.

The value of PCT measured at 24-48 h for predicting neurologic
outcomes according to the time points for measuring neurologic
outcome (at hospital discharge vs. at 0-1 month vs. at 1-6 months
vs. at 6-12 months)

The PCT level measured at 24-48 h during hospital admission was
also found to be significantly higher in the PNO group than in the GNO
group, demonstrating a positive association with an overall SMD
[(mean value in the PNO group — mean value in the GNO group)/
pooled SD] of 0.58 (95% Cl, 0.35-0.82; I>=0%; P < 0.001, Fig. 4). In
the analysis of time points for measuring neurologic outcome at 1-6
months, the PCT level in the PNO group was relatively higher than that
of the GNO group (3 studies; SMD, 0.62; 95% Cl, 0.36-0.88; 1> = 0%;
P <0.001).

Subgroup analysis

Subgroup analyses were performed to identify the following
confounders: in-hospital mortality, PNO, sample size, OHCA, age,
sex, shockable rhythm, TTM, severity score, cumulative vasopressor
dose, and study quality. As a result, there were no significant changes
in heterogeneities and the results of subgroup analyses are provided
in Supplementary Table 3.

Publication bias

There was no definite asymmetry in the forest plot. No significant bias
existed statistically in the assessment based on Egger’s regression
test when the PCT sampling time was analysed (at 0-24 h, P=0.14; at
24-48h, P=0.71) (Fig. 5).

Discussion

This systematic review and meta-analysis showed that an elevated
PCT level measured at 0-24h during hospital admission was

Poor Good

Study or Subgroup Mean SD_Total Mean SD_Total Weight

Std. Mean Difference
IV. Random, 95% ClI

associated with in-hospital mortality. It further showed that the
elevation of PCT level measured at 0-48 h during hospital admission
was also associated with poor neurologic outcomes. To the best of our
knowledge, this is the first meta-analysis to demonstrate that elevation
of serum PCT could be associated with poor outcomes.

PCT has been shown to be a specific marker of bacterial infection
in patients with sepsis. PCT is also a predictor of sepsis-associated
mortality and a valuable tool to guide antibiotic therapy.?”2° However,
PCT levels may be increased in patients who do not have bacterial
infection or sepsis.*° Elevated PCT levels were found in patients who
died from circulatory shock®' and PCT levels increased significantly in
those with cerebral ischemic stroke.®> During cerebral ischemia/
reperfusion, the calcitonin gene-related peptide (CGRP) level in the
brain tissue neurons was relatively increased.®®> PCT in endocrine
cells is induced by CALC-1 by elevated CGRP.%*

Several studies have shown that during the early post resuscitation
phase following CA, the diagnostic value of PCT to assess infection is
poor.%>*® |n one meta-analysis, the PCT in critically ill patients showed
low sensitivity and low specificity for infection.*” Annborn et al.
suggested that elevated PCT levels after CA represent a nonspecific
inflammatory response, rather than a specific response to infection,
and PCT levels were robustly associated with time to ROSC, a
surrogate marker for duration of ischemia.'® Engel et al. suggested
that early elevated PCT levels after CA mightidentify patients at higher
risk for cardio-circulatory failure, PCAS-related organ dysfunction and
death; furthermore, elevated PCT levels are unreliable for predicting
early-onsetinfections after CA."® Another previous study reported that
elevated PCT levels were unrelated to infection, indicating an
inflammation-related induction of PCT.*® However, severe infection
or sepsis could affect the prognosis of the patients. Coba et al. showed
that OHCA adults with bacterial infection had significantly increased
short-term mortality.>® Bacterial infection including early onset
pneumonia, which is common after cardiac arrest, leads to elevated
PCT levels.*® Further studies excluding patients with associated
bacterial infection or sepsis in CPR are needed to identify the
prognostic impact of PCT in post-cardiac arrest patients.

The 2015 AHA guidelines recommend that comatose adult
patients with ROSC after CA undergo therapeutic temperature
management (TTM).* TTM may reduce the harmful effects of
ischemia by decreasing the body’s need for oxygen and also help

Std. Mean Difference
IV, Random. 95% ClI

4.1.1 at hospital discharge

Ok 2016 1638 3038 11 9.23 1668 19 10.2%
Subtotal (95% Cl) 11 19  10.2%
Heterogeneity: Not applicable

Test for overall effect. Z=0.70 (P = 0.49)

4.1.2 at 0-1 month

Fries 2003 9.1 164 16 02 02
Subtotal (95% CI) 16
Heterogeneity: Not applicable

Test for overall effect. Z=1.33 (P=0.18)

6.8%
6.8%

N~

4.1.3 at 1-6 months

Annborn 2013 5053 8912 42 0.327 0476 42 289%
Engel 2013 465 6938 52 196 3133 48 357%
Stammet 2011 12.063 24165 26 033 0.564 27 18.4%
Subtotal (95% Cl) 120 117 83.0%

Heterogeneity: Tau®= 0.00; Chi*= 0.75, df= 2 (P = 0.69); F= 0%
Test for overall effect: Z= 4.65 (P < 0.00001)

Total (95% ClI) 147 143 100.0%
Heterogeneity: Tau®= 0.00; Chi*= 1.53, df= 4 (P = 0.82); F= 0%

Test for overall effect: Z= 4.81 (P < 0.00001)

Test for subaroun differences: Chi*= 0.78. df= 2 (P = 0.68). F= 0%

——

0.27 [-0.48,1.01)
0.27 [-0.48, 1.01]
0.62 [-0.29, 1.53]
0.62 [-0.29, 1.53] —
0.74(0.30,1.18) —
0.49 [0.08, 0.89] —
0.68(0.13,1.24] —_—
0.62 [0.36, 0.88] e
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Poor neurologic outcome Good neurologic outcome

Fig. 4 - Forest plot of the effect of elevated PCT level at 24-48 h and poor neurologic outcome.
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Fig. 5 - Funnel plot and Egger’s regression test to assess for publication bias.
(A) Publication bias for an elevated PCT level at 0-24 h and poor neurologic outcome.
(B) Publication bias for an elevated PCT level at 24-48 h and poor neurologic outcome.

to reduce reperfusion injury, damage caused by oxidative stress when
the blood supply is restored to tissue after a period of ischemia.*' The
systemic ischemia/reperfusion of CA with associated oxygen
deficiency causes activation of immune system and coagulation
pathways, increasing the risk of multiple organ failure and infection.*?
This condition has many features in common with sepsis.® PCT levels
may be affected by the application and timing of induction TTM. TTM
was performed in some of the patients included in this meta-analysis.
Although Bro-Jeppesen et al. showed that the level of TTM did not
modify the level of inflammatory markers including PCT and there
were no differences in PCT levels at any time points,*® additional
studies are needed to identify the impact of TTM on PCT levels.

This meta-analysis has several limitations. First, all included
studies in this meta-analysis were confined to Europe (except one
multinational study including USA), and only two studies were
multicentre studies. For more generalizable findings, data from other
races or countries are required. Second, heterogeneity existed in
patient characteristics, places of cardiac arrest (OHCA vs. IHCA),
initial rhythm (shockable vs. non-shockable), and PCT sampling time
(at 0-24h vs. at 24-48h). Although performed planned subgroup
analyses and used SMD for the strength of association between
elevated PCT level and poor outcomes and a random effects model,
the selection bias in observational studies in this meta-analysis could
not be sufficiently resolved. To address this heterogeneity, further
studies should be conducted with more details, and categorized by
location. Third, early CPC measured at discharge could change up
until 6 months suggesting the results may have differed if a long-term
CPC measurement after 6 months was used.** Thus, we tried to
further analyse the value of PCT level for predicting neurologic
outcomes according to the time points for measuring neurologic
outcome (at hospital discharge vs. at 0-1 month vs. at -6 months vs.
at 6-12 months). Fourth, we could not analyse prognostic accuracy of
PCT using a summary receiver operating characteristics curve
analysis for predicting poor neurologic outcomes of patients with
ROSC after CA due to lack of data.

Conclusion

An elevated PCT level at an early phase of PCAS is associated with
poor outcomes. On the basis of these findings, the measurement of

PCT levels in adult patients with ROSC could be a valuable marker for
prognosis.
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