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Abstract: Interleukin-6 (IL-6) was suggested as a potential target for intervention to mitigate brain
injury. However, its neuro-protective effect in post-resuscitation care has not been proven. We
investigated the time-course of changes in IL-6 and its association with other markers (systemic
inflammation and myocardial and neuronal injury), according to the injury severity of the cardiac
arrest. This retrospective study analyzed IL-6 and other markers at baseline and 24, 48, and 72 h after
the return of spontaneous circulation. The primary outcome was the association of IL-6 with injury
severity as assessed using the revised Post-Cardiac Arrest Syndrome for Therapeutic Hypothermia
scoring system (low, moderate, and high severity). Of 111 patients, 22 (19.8%), 61 (55.0%), and
28 (25.2%) had low-, moderate-, and high-severity scores, respectively. IL-6 levels were significantly
lower in the low-severity group than in the moderate- and high-severity groups at baseline and at
24 h and 72 h (p < 0.005). While IL-6 was not independently associated with neuronal injury markers
in the low-severity group, it was demonstrated to be associated with it in the moderate-severity
(B [95% CI] = 4.3 [0.1-8.6], RZ = 0.11) and high-severity ( [95% CI] = 7.9 [3.4-12.5], R2=0.14) groups.
IL-6 exhibits distinct patterns across severity and shows differential associations with systemic

inflammation or neuronal injury.

Keywords: heart arrest; interleukin 6; post-cardiac arrest syndrome; injury severity scores

1. Introduction

During cardiac arrest, patients experience whole-body ischemia, which is followed by
reperfusion injuries after the return of spontaneous circulation (ROSC). Both ischemia and
reperfusion injuries activate inflammatory cascades, leading to a systemic inflammatory
response or sepsis-like syndrome [1-3].

Among the various inflammatory markers, interleukin-6 (IL-6) has been identified as a
reliable and predictive marker of outcome [4,5], and it is a potential target for intervention
to mitigate the secondary brain injury strongly associated with the outcome [6,7]. The
available data suggest that IL-6 is a potential target to mitigate secondary brain injury after
cardiac arrest. A clinical trial (known as the IL-6 Inhibition for Modulating Inflammation
After Cardiac Arrest (IMICA) randomized clinical trial) for the effect of an IL-6 receptor anti-
body (tocilizumab) with the aim of limiting the inflammatory response after out-of-hospital
cardiac arrest (OHCA) was published recently [6,7]. Although systemic inflammation and
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myocardial injuries were significantly reduced, intervention with tocilizumab did not show
any neuroprotective effects [6,7].

However, the IMICA trial was limited because it was performed with a limited phe-
notype of cardiac arrest. Therefore, we hypothesized that IL-6 levels are heterogeneously
associated with the severity of the cardiac arrest injury. Thus, this study aimed to in-
vestigate the association of IL-6 with the severity of cardiac arrest and the independent
relationship between IL-6 and other biomarkers of systemic inflammation and myocardial
or neuronal injury for each severity level of cardiac arrest.

2. Materials and Methods
2.1. Study Design and Population

This was a single-center, retrospective, observational, registry-based study. This reg-
istry in a tertiary-care hospital (Chungnam National University Hospital in Daejeon, Repub-
lic of Korea; CNUH) prospectively collected data from patients receiving post-cardiac arrest
care after OHCAs between October 2018 and January 2023. The institutional review board
approved the study protocol before data collection began (CNUH-2023-03-092). Adult
patients (aged > 18 years) who were undergoing post-cardiac arrest care after OHCAs were
included in this study. Patients who underwent extracorporeal membrane oxygenation,
had died due to cardiac death within 24 h after the ROSC, or had undetermined injury
severity were excluded from this study.

2.2. Post-Cardiac Arrest Care

Patients with a Glasgow Coma Scale (GCS) score of less than 6 after the ROSC under-
went post-cardiac arrest care. Targeted temperature management (TTM) was performed
using an external cooling device (Arctic Sun® 5000, BD, Franklin Lakes, NJ, USA). The
targeted temperatures of 33 or 36 °C were maintained for 24 h, with rewarming to 37 °C at a
rate of 0.25 °C per hour, and this was monitored with an esophageal or bladder temperature
probe. Sedatives (midazolam) and paralytics (cisatracurium and rocuronium) were admin-
istered. If there was evidence of electrographic seizure or a clinical diagnosis of seizure,
antiepileptic drugs such as lorazepam, levetiracetam, and valproate were administered. All
patients received standard intensive care according to our institutional intensive care unit
protocol based on the 2021 International Guidelines for Post-Cardiac Arrest care [8].

Since 2018, the withdrawal of life-sustaining therapy (WLST) has been highly restric-
tively authorized in Korea, with rigorous qualification criteria for brain death, such as a flat
(<2 uV) in an electroencephalogram for 30 min [9,10]. Legally, qualifying for brain death
must require declarations for an irreversible and unrecoverable status from at least two
physicians, even if the family is willing to consent to this status. Therefore, the physicians
in charge of post-cardiac arrest care not only did not encourage the WLST in our patients,
but it was also restricted to patients with brain death who were denied organ donation
from caregivers or families.

2.3. Data Acquisition
2.3.1. Baseline Characteristics

The following variables were extracted from the data registry: age, sex, Charlson
comorbidity index, sequential organ failure assessment (SOFA) score during post-cardiac
arrest care, witnessed collapse, bystander cardiopulmonary resuscitation (CPR), time from
CPR to the ROSC (anoxic time), first monitored rhythm, etiology of cardiac arrest, Glasgow
Coma Scale score after the ROSC, and time to measure the baseline biomarkers. Neu-
rological outcomes were assessed six months after the OHCA using patients” Cerebral
Performance Category (CPC) scores, which classify patients into the following five cate-
gories: CPC 1 (good performance), CPC 2 (moderate disability), CPC 3 (severe disability),
CPC 4 (vegetative state), and CPC 5 (brain death or death). Good neurological outcomes
were defined as CPC scores of 1 or 2.
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2.3.2. Measurement of IL-6, Systemic Inflammatory, Myocardial Injury, and Neuronal
Injury Markers

Blood samples were collected immediately after applying the TTM device and at 24,
48, and 72 h after the ROSC. An analysis of IL-6 in the serum samples was performed
using ELISA, according to the manufacturer’s recommendations (Roche Diagnostics GmbH,
Mannheim, Germany), with a detection limit of 1.5 pg/mL. As neuronal injury markers,
NSE levels were measured using an electrochemiluminescence immunoassay (ECLIA) with
Elecsys NSE® (COBAS e801; Roche Diagnostics, Rotkreuz, Switzerland) and extracted
from our prospectively collected cardiac arrest registry. The measurement range for NSE
was 0.1-300 ng/mL. C-reactive protein (CRP) and procalcitonin (PCT) were used as sys-
temic inflammatory markers. CRP levels were measured using an immunoturbidimetric
assay (CRPL3; Roche Diagnostics, Indianapolis, IN, USA), and the reference range was
0.0-30.0 mg/dL. PCT was measured using an Elecsys BRAHMS procalcitonin automated
electrochemiluminescence assay (BRAHMS, Henningsdorf, Germany) on a Roche Cobas e-
System (Roche Diagnostics, Basel, Switzerland) with a reference range of 0.05-200.0 ng/mL.
Creatine kinase-MB (CK-MB) and cardiac troponin I (Tnl) levels were also extracted from
our registry as myocardial injury markers. The CK-MB levels were measured using an elec-
trochemiluminescence immunoassay with a Modular Analytics E170 immunology analyzer
(Roche Diagnostics, Mannheim, Germany), and the reference range was 0.1-300.0 ng/mL.
The levels of Tnl were measured by a chemiluminescence immunoassay using an ADVIA
Centaur instrument (Siemens, Munich, Bavaria, Germany), and the reference range was
1-50,000 pg/mL.

2.3.3. Assessment for Injury Severity of the Cardiac Arrest

The cohort was divided into three groups based on the severity of the ischemic period
using the revised Post-Cardiac Arrest Syndrome for Therapeutic Hypothermia (rCAST)
scoring system, which was developed to determine the severity of individual injuries
during the ischemic period. It was internally and externally validated in previous studies
as a reliable scoring system to assess injury severity in the ischemic period in patients with
OHCAs [11-13]. The rCAST score was calculated immediately after the ROSC or upon
arrival at the hospital. Five clinical parameters (initial rhythm, witnessed arrest/low-flow
time (CPR to the ROSC), blood pH, serum lactate, and the motor score of GCS at the time
of the ROSC) were used to calculate the rCAST score, and then the patients with an ROSC
after OHCA were classified into the following risk categories: low-severity group, with an
rCAST score of less than or equal to 5.5; moderate-severity group, with an tCAST score of
less than 6 and greater than or equal to 14.5; and high-severity group, with an rCAST score
of greater than 14 [11].

2.4. Assessment for the Injury Severity of the Cardiac Arrest

The primary outcome was the time-course of the changes in the IL-6 levels over time
for each injury severity, and this was estimated using the rCAST degree (low, moderate,
or high) and its independent association with other biomarkers (NSE, CRP, PCT, CK-MB,
and Tnl).

2.5. Statistical Analysis

Categorical and continuous variables were presented as counts with percentiles and
median values with interquartile ranges (IQR), respectively. The categorical variables were
compared between the groups using a chi-square test or Fisher’s exact test, as appropriate.
The continuous variables were compared between the groups using a Mann-Whitney U-test.
The data for the biomarkers were longitudinal, and the observations were cross-sectional
over several periods. For the statistical analyses, we used a generalized linear mixed
model (GLMM) with a random intercept to examine whether the longitudinal changes
in the biomarkers over 72 h differed by group while accounting for the within-person
correlations in the outcomes, as our dataset had a non-normal distribution [14]. To test our
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primary hypotheses, we included injury severity, time, and the interaction terms between
the group and time in the GLMM. The homoscedasticity and multi-collinearity checks were
performed under the model adequacy test requirements of acceptance of the fitted models.
Multiple linear and logistic regression analyses were performed for each group of patients.
A multivariate linear regression analysis determined the relationship between the IL-6
levels and the other biomarkers. Backward selection was used to develop the final adjusted
model. The logistic regression analysis results were expressed as parameter estimates with
95% confidence intervals (CI). The statistical analyses were performed using IBM IBM-SPSS
26.0 for Windows (IBM Corp., Armonk, NY, USA) and Prism 10.0 (GraphPad, San Diego,
CA, USA). The significance level was set at p < 0.05.

3. Results
3.1. Baseline Characteristics of the Cohort

Of the 143 patients who underwent post-resuscitation care after OHCAs, 32 were
excluded (14 achieved exclusion due to extracorporeal CPR, 8 due to undetermined injury
severity due to insufficient information from a prior medical facility, 6 due to missing IL-6
measurements, and 4 due to cardiac death within 24 h after the ROSC). Finally, 111 patients
were enrolled in this study (Figure 1) and divided into 3 groups according to the degree of
rCAST. Twenty-two (19.8%), sixty-one (55.0%), and twenty-eight (25.2%) patients belonged
to the low-, moderate-, and high-severity groups, respectively (Figure 1). Several cardiac
arrest characteristics, such as witnessed arrest, bystander CPR, shockable rhythm, cardiac
etiology, anoxic time, and GCS after the ROSC, were significantly different according to
the injury severity of the cardiac arrest (i.e., low- vs. moderate- vs. high-severity groups;
Table 1). Good neurological outcomes and survival to discharge were observed in 20
(90.9%)/20 (90.9%), 30 (47.5%) /36 (59.0%), and 5 (17.9%)/8 (28.6%) patients in the low-,
moderate-, and high-severity groups, respectively (Figure 1 and Table 1).

143, Post-cardiac arrest care after OHCA

32, Excluded in this study
14, Extracorporeal cardiopulmonary resuscitation

8, Undetermined injury severity (rCAST score)

6, Not measured IL-6 level
4, Cardiac death within 24 h from ROSC

111, Total study population

rCAST degree
22, Low severity 61, Moderate severity 28, High severity
20,CPC1or2 29,CPC1lor2 5,CPClor2
2,CPC3to5 32,CPC3to5 23,CPC3to5

Figure 1. Flow diagram of the included study population enrollment. Abbreviations: CPC, cerebral
performance category; OHCA, out-of-hospital cardiac arrest; rCAST, revised Post-Cardiac Arrest
Syndrome for Therapeutic hypothermia; ROSC, return of spontaneous circulation.
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Table 1. Baseline demographics and characteristics.
Variables Total Cohort, 111 Injury Severity 4
Low, 22 Moderate, 61 High, 28
Age, years 58 (41-68) 60 (46-71) 60 (49-68) 50 (35-62) 0.06
Sex, male 85 (76.6) 19 (86.4) 44 (72.1) 22 (78.6) 0.39
Comorbidities
Myocardial infarction 15 (13.5) 3(13.6) 10 (16.4) 2(7.1) 0.50
Peripheral vascular disease 4 (3.6) 1(4.5) 2(3.3) 1(3.6) 0.96
Congestive heart failure 9(8.1) 2(9.1) 6(9.8) 1(3.6) 0.59
COPD 5 (4.5) 1(4.5) 1(L.6) 3(10.7) 0.16
Chronic kidney disease 16 (14.4) 5(22.7) 8(13.1) 3(10.7) 0.44
Previous cardiac arrest 0(0) 0(0) 0(0) 0(0)
Charlson comorbidity index 2 (1-4) 2 (1-6) 3(1-5) 1(0-3) 0.22
Cardiac arrest characteristics
Witnessed 73 (65.8) 22 (100.0) 40 (65.6) ** 11 (39.3) **+* <0.001
Bystander CPR 79 (71.2) 20 (90.9) 37 (60.7) * 22 (78.6) 0.02
Shockable thythm 42 (37.8) 14 (63.6) 22 (36.1) 6 (21.4) * 0.009
Cardiac etiology 55 (49.5) 16 (72.7) 31 (50.8) 8(28.6) * 0.008
Anoxic time ?, min 20 (9-30) 1(0-1) 1(0-12) 5 (1-24) ** 0.003
GCS score after the ROSC 3(34) 4 (3-6) 3(3-4)* 3 (3-3) *** <0.001
SOFA score at admission 10 (7-12) 8 (7-11) 10 (8-12) 11 (9-13) 0.67
Cause of cardiac arrest
Cardiogenic 54 (48.6) 17 (77.3) 29 (47.5) 8 (28.6) **
Hypoxia 43 (38.7) 3(13.6) 26 (42.6) 14 (50.0) ** 0.02
Nephrogenic 5(4.5) 1(4.5) 3(4.9) 1(3.6) ** ’
Others 9(8.1) 1(4.5) 3 (4.9) 5(17.9) **
Echocardiography after the ROSC
Left ventricle contractility
Normal 59 (53.2) 9 (40.9) 33 (54.1) 17 (60.7)
Mild dysfunction 7 (6.3) 3(13.6) 4 (6.6) 0(0) 0.43
Moderate dysfunction 33(29.7) 8(36.4) 16 (26.2) 9(32.1) ’
Severe dysfunction 12 (10.8) 2(9.1) 8(13.1) 2(7.1)
Right ventricle dysfunction 5(4.5) 1(4.5) 3(4.9) 1(3.6) 0.96
Regional wall motion abnormality
LAD territory 12 (10.8) 6 (27.3) 3 (4.9) 3(10.7)
LCx territory 6(5.4) 2(9.1) 4 (6.6) 0(0) 0.05
RCA territory 2(1.8) 0(0) 2(3.3) 0(0)
CAG performed ?
1VD 5 (4.5) 2(9.1) 2(3.3) 1(3.6)
2VD 3(27) 1(4.5) 2(3.3) 0 (0) 0.52
3VD 3(27) 0(0.0) 3 (4.9) 0(0)
PCI performed before TTM ¢ 7 (6.3) 2(9.1) 4(6.6) 1(3.6) 0.72
Presented infection
Pulmonology 7 (6.3) 1(4.5) 4 (6.6) 2(7.1)
Genitourinary 1(0.9) 0(0) 1(1.6) 0(0) 0.93
Neck 1(0.9) 0(0) 1(1.6) 0(0)
Administration of steroid, mg/kg 160 (61-536) 91 (31-371) @ 60 (11-381) © 240 (80-720) 0.11
Outcome
Good neurological outcome 54 (48.6) 20 (90.9) 29 (47.5) *** 5 (17.9) #*+ * <0.001
Survival at discharge 64 (57.7) 20 (90.9) 36 (59.0) * 8 (28.6) ¥+t <0.001

Data are presented as 1 values (%) or medians (interquartile ranges). ? is defined as the time elapsed between
CPR and the ROSC. ? indicates that CAG was performed before admission in all patients. ¢ indicates that PCI was
performed on a single vessel and before admission in all patients. ¢ denotes 1 = 4. © denotes 1 = 5. f denotes n = 7.
* denotes statistical significance at a 0.05 level compared with the low-severity group in a post hoc test after a
Bonferroni correction. ** denotes statistical significance at a 0.01 level compared with the low-severity group in a
post hoc test after a Bonferroni correction. *** denotes statistical significance at a 0.001 level compared with the
low-severity group in a post hoc test after a Bonferroni correction. t denotes statistical significance at a 0.05 level
compared with the moderate-severity group in a post hoc test after a Bonferroni correction. Abbreviations: COPD,
chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; GCS, Glasgow Coma Scale; ROSC,
return of spontaneous circulation; SOFA, sequential organ failure assessment; LAD, left anterior descending
artery; LCx, left circumflex artery; RCA, right coronary artery; CAG, coronary angiography; VD, vessel disease;

PCI, percutaneous coronary intervention.



Brain Sci. 2024, 14, 779

6 of 12

3.2. Time-Course of the Changes in IL-6 Associated with Injury Severity

While no significant effect of time (pime = 0.06) or significant interaction between
injury severity and time (Pinteraction = 0.30) were noted, significant differences between the
groups were observed in the post hoc test (Figure 2). IL-6 levels in the moderate- and
high-severity groups were significantly higher than those in the low-severity group at
baseline (low vs. moderate and high severity, 145.2 pg/mL =+ 46.1 vs. 949.7 pg/mL + 182.6
and 1100.7 pg/mL % 309.9, p < 0.001 and p = 0.002, respectively), 24 h (low vs. moderate
and high severity, 143.3 pg/mL =+ 45.5 vs. 401.1 pg/mL % 76.5 and 762.3 pg/mL =+ 214.6,
p=0.004 and p = 0.005, respectively), and 72 h (low vs. moderate and high severity,
122.4 pg/mL £ 40.5 vs. 521.5 pg/mL + 105.7 and 725.1 pg/mL £ 207.9, p < 0.001 and
p = 0.004, respectively; Figure 2 and Table 2). In a post hoc test for the time difference, only
the moderate-severity group showed a decrease in IL-6 for the first 24 h (baseline vs. 24 h,
949.7 £ 182.6 vs. 401.1 £ 76.5, p = 0.006, Figure 2 and Table 2).

— Low severity — Moderate severity — High severity
1500 L e o0
ptimc = 0-06
™ Pinteraction — 0»30
—
* ok % ) "
—_—
g 1000 ,
~
> # 1 o
L2
b g
%%
= 500 -
I
* |

0 1 | | 1
0 24 48 72

Figure 2. Time-course of the changes in the IL-6 levels over time (x-axis; 0, 24, 48, and 72 h from
the ROSC) in each severity group (low-severity, black; moderate-severity, red; and high-severity,
green). A statistical analysis was performed using generalized estimating equation methods, and
thus, the biomarker levels and their variabilities are presented as mean values and standard er-
rors. The adjusted p-values are presented, followed by the post hoc test results, where ** indicates
Pgroup < 0.01, and *** indicates pgroup < 0.001 for the inter-group analysis and # denotes pijme < 0.05
for the longitudinal analysis within the groups. Abbreviations: IL-6, interleukin-6; ROSC, return of
spontaneous circulation.

3.3. Time-Course of the Changes in the Other Biomarkers Associated with Injury Severity

Table 2 shows the time-course of the changes in the levels of the markers for neuronal
injury (NSE), systemic inflammation (CRP and PCT), and myocardial injury (CK-MB and
TnlI). NSE levels were significantly higher in the moderate- and high-severity groups than
they were in the low-severity group for all time points, whereas there were no significant
differences between the moderate- and high-severity groups. NSE levels in the moderate-
and high-severity groups showed an increasing pattern over time, whereas there was no
trend towards an increase in the low-severity group. While PCT levels were significantly
higher in the moderate- and high-severity groups than those in the low-severity group for
all time points (peaking at 24 h), the CRP changes exhibited a different pattern. Neither
the CK-MB nor the Tnl levels showed clear differences between the groups. In particular,
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Tnl levels were not significantly different between the groups over time. They presented a
similar pattern over time, peaking at 24 h and then decreasing.

Table 2. Time-course changes in the biomarker levels according to injury severity.

) ) Injury Severity a a
Biomarker Time Pgroup Ptime
Low, 22 Moderate, 61 High, 28
NSE, ng/mL baseline 244+ 14,22 48.7 £ 6.7,61 % 63.2 +13.7,28 * <0.001 0.05
24 h 28.1 +3.2,21 68.7 £ 9.7, 60 * 96.9 +18.4,28*
48 h 247 +3.1,21 76.1 +11.8,59 * 114.0 £ 19.7,27 *
72h 274+ 64,21 68.5 £ 13.8, 58 * 121.9 +18.2,26 *
CRP, mg/dL baseline 1.5+0.721 1.2 +0.3,59 1.4+ 0.6,26 0.18 <0.001
24h 2.8+ 05,21 414+05,57* 47 +09,26*
48 h 52+4+0.7,19 85+0.8,55* 8.0+1.1,23
72h 55+1.0,19 8.2 +0.8,54 84+12,24
PCT, ng/mL baseline 044+0.1,12 20+06,34* 334+12,22*% <0.001 0.01
24 h 0.5+0.1,20 129 +47,46* 20.8 +8.0,24 *
48 h 04+0.1,20 88+21,46* 152 +63,26*
72h 05+0.1,13 74421,37% 125+55,22*%
CK-MB, ng/mL baseline 11.5+£3.3,22 20.7 4.4, 60 11.2+2.0,28 0.006 <0.001
24 h 48.7 +17.2,19 82.2 +14.1,40 66.5 +12.3,24
48 h 31.1+ 165,18 61.6 +12.4,41* 60.2 +16.2,21*
72h 9.6 £3.7,18 15.6 £3.1, 40 209 +9.2,21*
Tnl, pg/mL baseline 613.7 +410.9, 22 1310.2 + 473.7, 60 330.7 £+ 68.1, 28 0.06 0.97
24 h 25289 £+ 1355.3,18  7557.2 + 1668.8, 37 2811.0 +=737.4,22
48 h 2007.9 4 1534.7,17  4890.9 4 1247.9, 39 2022.5 £ 780.1, 21
72h 1169.8 + 895.3, 18 3745.4 +£1136.0,39  2045.5 £+ 1008.6, 21

Biomarker levels and their variability are presented as mean values and standard errors due to the statistical
analysis using GLMM. The number of measurements was determined immediately after the means and standard
errors for each case. No significant differences between the moderate- and high-severity groups were observed
for any of the biomarkers or time points. ?, p-values were adjusted with other biomarker levels using the
GLMM statistical analysis. *, significant difference (p < 0.05) for the low-severity group according to the GLMM
analysis, with a Bonferroni post hoc test. Abbreviations: NSE, neuron-specific enolase; CRP, C-reactive protein;
PCT, procalcitonin; CK-MB, creatinine kinase-myocardial band; Tnl, troponin I; GLMM, generalized linear
mixed model.

3.4. Independently Associated Biomarkers for IL-6 Level

Analysis of the independent association of IL-6 with the other biomarkers according
to the injury severity revealed that IL-6 was not associated with any other biomarker
in the low-severity group, whereas IL-6 in the moderate- and high-severity groups was
independently associated with PCT (f [95% CI] = 17.0 [5.9 to 28.2], p = 0.003, R? =0.11)
and NSE (in the moderate-severity group, 3 [95% CI] = 4.3 [0.1 to 8.6], p = 0.04, adjusted
R? = 0.11, and in the high severity group,  [95% CI] = 7.9 [3.4 to 12.5], p = 0.001, adjusted
RZ=0.14), respectively (Table 3).
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Table 3. Multivariable linear regression identifying the factors independently associated with IL-6
level according to the injury severity or time.

Severity _NSE _cre _rcT CK-MB Tl
BO5%CD p  BOS%CD p  BO%CD  p  BOS%CD p  BO%CH  p

Low (—5.2;117.5) 0.29 (—23.95;642.6) 0.56 (—561.2?2125.1) 0.13 (—?:71;.%.8) 0.21 (—07.4?,-%).1) 0.50

Moderate (0.41';38a.6) 0.04 (747.14.;249.8) 096 (5.197;'(2)821.2) 0.003 (73.16';26.1) 062 (70;)%}0(})3.02) 032

High (3.2;71'3.5) 0000 Cooma M (agon 9% (amgs 00 (gooq 0

2, adjusted R2=0.11.b, adjusted R? = 0.14. Abbreviations: NSE, neuron-specific enolase; CRP, C-reactive protein;
PCT, procalcitonin; CK-MB, creatinine kinase-myocardial band; Tnl, troponin I.

4. Discussion

This study included most phenotypes of patients who received post-resuscitation care
after the ROSC in a non-WLST setting. Consequently, this study demonstrated the time-
course of changes in IL-6 levels across the overall spectrum of cardiac arrest phenotypes.
As anticipated, the time-course of IL-6 levels exhibited distinctions by the injury severity
of the cardiac arrest, as estimated using the following well-validated scoring system: the
rCAST grading system (low vs. moderate vs. high severity). In addition, the indepen-
dent association of IL-6 with other biomarkers revealed variability in the severity of the
cardiac arrest.

The IMICA trial demonstrated the beneficial effect of tocilizumab, a humanized IL-6
receptor monoclonal antibody, in reducing the biomarker levels of systemic inflammation
and myocardial injury [7]. In addition, secondary analyses have revealed the potential role
of anti-inflammatory agents in secondary systemic injuries after OHCAs [15]. However,
one disappointing point is that the primary determinant of outcome after cardiac arrest
is the presence of a hypoxic ischaemic brain injury (HIBI), with an emphasis on the brain
injury following cardiac arrest [2]. Although the primary injury causes substantial neuronal
loss, post-resuscitation additive cerebral injuries (i.e., secondary brain injuries) account for
significant cerebral ischemia and cellular death [2,16]. Therefore, the management of HIBI
after cardiac arrest has focused on preventing or minimizing secondary brain injuries [16].
Additional pharmacological agents might have the potential to produce breakthrough
effects on the cascade of secondary brain injuries following cardiac arrest. Therefore, it
is highly likely that therapies targeting IL-6 or other aspects of inflammation will require
brain-targeting to yield measurable improvements in neurological outcomes [15]. However,
the IMICA trial did not demonstrate any potential benefits in patients with brain injuries.
Here, we discuss some checkpoints for developing future clinical trials of advanced phar-
macological therapies targeting secondary brain injuries following cardiac arrest based on
the limitations of the IMICA trial and our findings.

We demonstrated that the low-severity group exhibited significantly lower levels of IL-
6 at baseline and 24 h than the moderate- and high-severity groups. Additionally, there were
no increases in IL-6 levels during the first 24 h in the low-severity group under generalized
post-resuscitation care, which did not involve any additional intervention. These findings
suggest that the anti-inflammatory effect of tocilizumab may be underestimated in patients
with low-severity cardiac arrest compared to those with moderate- or high-severity cardiac
arrest. It is well-established in medicine, particularly in critical care, that the effect of a
treatment depends on the severity of the injury or disease. For instance, temperature control
(hypothermia vs. normothermia), the standard-of-care post-resuscitation, has shown
different results based on the severity of the cardiac arrest injury in large trials (shockable
vs. non-shockable) [17,18]. The early injury severity of cardiac arrest, as measured by
the rCAST scoring system, which was well-validated in a previous study [11], has also
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been reported to be significantly associated with survival, good outcomes, and cause of
death [19].

Furthermore, the moderate severity estimated using the rCAST scoring system may
independently offer a neuroprotective advantage over the presence of hypothermia [20].
Therefore, several studies have suggested that the severity of cardiac arrest influences
overall outcomes in patients undergoing post-resuscitation care. In the IMICA study,
notably, only one patient among the survivors had a poor neurological outcome (CPC 3-5).
Additionally, the median values of the NSE levels measured 48 and 72 h after cardiac arrest
were near normal (17-18 ng/mL), indicating a good neurological outcome with reasonable
prognostic accuracy [21]. This suggests that the IMICA trial predominantly enrolled
patients with mild brain injuries, which likely corresponded to the low-severity ranking of
the rCAST grading system. Our finding that IL-6 was independently associated with NSE,
a marker of neuronal injury, only in cases beyond mild brain injury (i.e., moderate to high
severity) supports this potential limitation of the IMICA study. Given this limitation and
the lack of an association between IL-6 and NSE in patients with low-severity cardiac arrest,
the brain inflammatory response that can exacerbate HIBI after cardiac arrest is insufficient
for determining the neuroprotective effect of tocilizumab. Therefore, we suggest that the
narrow selection bias raises questions regarding the generalizability of the neuroprotective
effect of tocilizumab against IL-6 because their limited cohort did not represent the full
spectrum of cardiac arrest severity. This selection bias may have led to an underestimation
of the effect of tocilizumab, as the patients with relatively low IL-6 levels may not have
exhibited the full therapeutic potential of the intervention.

In this study, the NSE levels showed consistent pattern towards increases, whereas
the CRP and myocardial injury markers (CK-MB and Tnl) showed fluctuating levels with
distinct peaks. These results are generally in line with those from previous studies [6,7].
However, PCT was newly included in this analysis to investigate its association with
IL-6. The PCT levels peaked at 24 h and then decreased over time, with higher levels
observed in the high-severity group compared to the low-severity group, possibly due
to the relatively higher infection rate in the former. The markers for myocardial injury
followed a typical pattern, in line with what has already been described in the field.
However, no specific association was found between IL-6 and these markers. In the
multivariable linear regression analysis, we showed that IL-6 was associated with NSE and
PCT levels in the moderate- and high-severity groups, whereas the markers for myocardial
injury did not show an association with IL-6. In line with our findings, several previous
studies have shown that NSE is strongly associated with poor neurological outcome [8,16],
and PCT seems to account for injury severity associated with cardiac arrest and its outcome
rather than infection levels [22]. In particular, our cohort predominantly included cases
of confirmed permanent brain injury (56, 50.5%) or neuronal death (30, 63.8%; among
non-survivors), even after 72 h of post-resuscitation care based on the very limited WLST
policy in Korea. We suggest that the characteristics of the study population may have
influenced the association of IL-6 with the other biomarkers.

As a major concern for the neuroprotective effect of tocilizumab in patients with
cardiac arrest, the authors suggested that there is no conclusive evidence on whether
tocilizumab crosses the blood—-brain barrier (BBB) in humans, whether healthy or ill [23].
The BBB is a selective barrier that regulates the entry of substances from the bloodstream
into the central nervous system [23]. Neuroprotective drugs must cross the BBB at sufficient
concentrations to be effective. Increasing BBB permeability may improve the delivery
of neuroprotective agents to the brain, improving the efficacy of a drug [24]. A recently
published study showed that the phenotypes of patients who underwent post-resuscitation
care after mild-injury-severity cardiac arrest—likely corresponding to the patients enrolled
in the IMICA trial—not only showed non-significant time-courses of changes in BBB status
but also that their median BBB permeability did not reach severe BBB disruption [25]. In ad-
dition, an experimental study using a healthy, nonhuman primate model demonstrated that
intravenously administered tocilizumab has very poor cerebrospinal fluid penetration [23].
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Hence, we suggest that the limited phenotypes of the enrolled patients in the IMICA trial
(i.e., those with a likely nearly normal BBB status due to the mild injury severity of the
cardiac arrest) may lead to the underestimation of the neuroprotective effect of tocilizumab.
Confirmation of BBB permeability could be used to deliver novel pharmacological treat-
ments to the brain where an otherwise intact BBB would prevent them from reaching their
target [26,27]. Barton and Elmer suggested that BBB-targeted early-phase therapeutic trials
are warranted to answer a long-standing question: is the alteration of BBB permeability an
innocent bystander or is it the causal pathway of secondary brain injury [28]? We suggest
that a study on the neuroprotective effects of tocilizumab or other pharmacological agents
in patients receiving post-resuscitation care will be an important step in our field. However,
it is essential to establish the proper enrolment of patients, taking into account the severity
of their neurological injury/disease, including BBB status.

This study had some limitations. First, this was a retrospective study performed at
a single center. Due to the characteristics of this study, bias from the variability in the
number of measurements according to the sampling time and type of biomarker could not
be avoided. Second, high standard deviations were observed in the IL-6 level values. This
substantial variability within the groups indicated a large amount of heterogeneity among
the participants, which could have complicated the detection of statistically significant
differences between the groups. The high variability reduced the precision of our estimates
and may have impacted the robustness of our findings. In addition, the multivariable
analysis presented low adjusted R? values, strongly suggesting that a large part of the
variability in the IL-6 levels remained unexplained. To address both of these limitations, we
suggest that future studies should consider larger sample sizes to increase the power of the
analysis, with adjustment for the co-variables related to the inflammation cascade. Third,
potential cases of self-fulfilling prophecy in terms of prognosis prediction could not be
excluded because the results of the IL-6 levels were available to the physicians participating
in the study. Fourth, the maximum measurement range value of IL-6 was 5000 pg/mL,
and IL-6 levels above the measurement range were not diluted or analyzed. Fifth, there are
many unknown aspects of IL-6 as an inflammatory cytokine, and further studies on the
pathophysiology of IL-6 are required. Sixth, other cytokines and inflammatory markers
(e.g., erythrocyte sedimentation rate) were not measured. Seventh, the 24 h interval for the
biomarker measurement presented a significant limitation for the real time-course analysis.
This sampling frequency may have been insufficient for capturing rapid fluctuations in
the biomarker levels that may occur within shorter periods of time. Therefore, this low
resolution may have led to an incomplete and potentially misleading representation of
the dynamic profile of a particular biomarker. However, several studies on biomarkers
in post-resuscitation care have adopted the 24 h interval [8,16,21,22]. We suggest that this
approach should be used to balance the need for practical and consistent measurement
intervals with the goal of minimizing the impact of missing short-term fluctuations. Thus,
we could not speculate about the changes in these parameters. Further multi-center studies
are required to confirm the generalizability of these results.

5. Conclusions

The time-course of changes in IL-6 levels during post-resuscitation care has an indi-
vidual pattern when stratified by injury severity. Significantly lower IL-6 levels manifest
in patients with low-severity cardiac arrest than in those with moderate- or high-severity
cardiac arrest. Serum IL-6 levels are differentially associated with systemic inflammation
or neuronal injury, depending on the severity of the cardiac arrest. An appropriate cardiac
arrest phenotype should be considered in future clinical trials of advanced therapies for
neuroprotective effects after cardiac arrest. However, further studies are required to confirm
these findings.



Brain Sci. 2024, 14, 779 11 0f 12

Author Contributions: Conceptualization, ].5.P. and C.K.; methodology, D.K. and C.K.; software,
S.YJ.; formal analysis, D.K. and Y.Y.; investigation, J.A.Y., Y.Y., W]. and H.J.A.; resources, W.J., H.].A.
and S.YJ.; data curation, ]J.5.P. and ]. H.M.; writing—original draft preparation, ].A.Y.; writing—review
and editing, ].A.Y. and C.K,; visualization, S.Y.J. and C.K,; supervision, C.K.; project administration,
C.K,; funding acquisition, C.K. All authors have read and agreed to the published version of the
manuscript.

Funding: This work was supported by a research fund from Chungnam National University (2023).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Panel of Chungnam National University
Hospital (no. 2023-03-092, approval date 25 April 2023).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of this
study. The extracted data included clinical data only and did not include any personally identifiable
information. Therefore, the need for informed consent was waived.

Data Availability Statement: The data presented here are available on request from the corresponding
author. The data are not publicly available because of ethical concerns.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

Adrie, C.; Laurent, I.; Monchi, M.; Cariou, A.; Dhainaou, ].F.; Spaulding, C. Postresuscitation disease after cardiac arrest: A
sepsis-like syndrome? Curr. Opin. Crit. Care 2004, 10, 208-212. [CrossRef]

Sekhon, M.S.; Ainslie, PN.; Griesdale, D.E. Clinical pathophysiology of hypoxic ischemic brain injury after cardiac arrest: A
“two-hit” model. Crit. Care 2017, 21, 90. [CrossRef]

Adrie, C.; Adib-Conquy, M.; Laurent, I.; Monchi, M.; Vinsonneau, C.; Fitting, C.; Fraisse, F; Dinh-Xuan, A.T.; Carli, P; Spaulding,
C.; et al. Successful cardiopulmonary resuscitation after cardiac arrest as a “sepsis-like” syndrome. Circulation 2002, 106, 562-568.
[CrossRef] [PubMed]

Bro-Jeppesen, J.; Kjaergaard, J.; Wanscher, M.; Nielsen, N.; Friberg, H.; Bjerre, M.; Hassager, C. Systemic inflammatory response
and potential prognostic implications after out-of-hospital cardiac arrest: A substudy of the target temperature management trial.
Crit. Care Med. 2015, 43, 1223-1232. [CrossRef]

Bro-Jeppesen, J.; Kjaergaard, J.; Stammet, P.; Wise, M.P.; Hovdenes, J.; Aneman, A.; Horn, J.; Devaux, Y.; Erlinge, D.; Gasche, Y.;
et al. Predictive value of interleukin-6 in post-cardiac arrest patients treated with targeted temperature management at 33 °C or
36 °C. Resuscitation 2016, 98, 1-8. [CrossRef] [PubMed]

Meyer, M.AS.; Bjerre, M.; Wiberg, S.; Grand, J.; Obling, L.E.R.; Meyer, A.S.P; Josiassen, J.; Frydland, M.; Thomsen, J.H.; Frikke-
Schmidt, R.; et al. Modulation of inflammation by treatment with tocilizumab after out-of-hospital cardiac arrest and associations
with clinical status, myocardial- and brain injury. Resuscitation 2023, 184, 109676. [CrossRef] [PubMed]

Meyer, M.AS.; Wiberg, S.; Grand, J.; Meyer, A.S.P; Obling, L.E.R.; Frydland, M.; Thomsen, J.H.; Josiassen, J.; Meller, J.E.;
Kjaergaard, J.; et al. Treatment effects of interleukin-6 receptor antibodies for modulating the systemic inflammatory response
after out-of-hospital cardiac arrest (the IMICA trial): A double-blinded, placebo-controlled, single-center, randomized, clinical
trial. Circulation 2021, 143, 1841-1851. [CrossRef] [PubMed]

Nolan, ].P.; Sandroni, C.; Béttiger, B.W.; Cariou, A.; Cronberg, T.; Friberg, H.; Genbrugge, C.; Haywood, K,; Lilja, G.; Moulaert,
V.R,; et al. European Resuscitation Council and European Society of Intensive Care Medicine Guidelines 2021: Post-resuscitation
care. Resuscitation 2021, 161, 220-269. [CrossRef]

Jeong, E.; Baik, S.; Park, H.; Oh, J.; Lee, Y.; Lee, ].M. First organ donation after circulatory death following withdrawal of
life-sustaining treatment in Korea: A case report. J. Korean Med. Sci. 2021, 36, €171. [CrossRef]

Cho, W.H. Organ donation in Korea in 2018 and an introduction of the Korea national organ donation system. Korean . Transplant.
2019, 33, 83-97. [CrossRef]

Nishikimi, M.; Ogura, T.; Nishida, K.; Takahashi, K.; Nakamura, M.; Matsui, S.; Matsuda, N.; Iwami, T. External validation of
a risk classification at the emergency department of post-cardiac arrest syndrome patients undergoing targeted temperature
management. Resuscitation 2019, 140, 135-141. [CrossRef] [PubMed]

Nishikimi, M.; Matsuda, N.; Matsui, K.; Takahashi, K.; Ejima, T.; Liu, K.; Ogura, T.; Higashi, M.; Umino, H.; Makishi, G.; et al.
CAST: A new score for early prediction of neurological outcomes after cardiac arrest before therapeutic hypothermia with high
accuracy. Intensive Care Med. 2016, 42, 2106-2107. [CrossRef] [PubMed]

Nishikimi, M.; Matsuda, N.; Matsui, K.; Takahashi, K.; Ejima, T.; Liu, K.; Ogura, T.; Higashi, M.; Umino, H.; Makishi, G,;
et al. A novel scoring system for predicting the neurologic prognosis prior to the initiation of induced hypothermia in cases of
post-cardiac arrest syndrome: The CAST score. Scand. |. Trauma Resusc. Emerg. Med. 2017, 25, 49. [CrossRef] [PubMed]

Ma, Y.; Mazumdar, M.; Memtsoudis, S.G. Beyond repeated-measures analysis of variance: Advanced statistical methods for the
analysis of longitudinal data in anesthesia research. Reg. Anesth. Pain Med. 2012, 37, 99-105. [CrossRef] [PubMed]


https://doi.org/10.1097/01.ccx.0000126090.06275.fe
https://doi.org/10.1186/s13054-017-1670-9
https://doi.org/10.1161/01.CIR.0000023891.80661.AD
https://www.ncbi.nlm.nih.gov/pubmed/12147537
https://doi.org/10.1097/CCM.0000000000000937
https://doi.org/10.1016/j.resuscitation.2015.10.009
https://www.ncbi.nlm.nih.gov/pubmed/26525271
https://doi.org/10.1016/j.resuscitation.2022.109676
https://www.ncbi.nlm.nih.gov/pubmed/36572373
https://doi.org/10.1161/CIRCULATIONAHA.120.053318
https://www.ncbi.nlm.nih.gov/pubmed/33745292
https://doi.org/10.1016/j.resuscitation.2021.02.012
https://doi.org/10.3346/jkms.2021.36.e171
https://doi.org/10.4285/jkstn.2019.33.4.83
https://doi.org/10.1016/j.resuscitation.2019.05.028
https://www.ncbi.nlm.nih.gov/pubmed/31153943
https://doi.org/10.1007/s00134-016-4492-3
https://www.ncbi.nlm.nih.gov/pubmed/27530297
https://doi.org/10.1186/s13049-017-0392-y
https://www.ncbi.nlm.nih.gov/pubmed/28490379
https://doi.org/10.1097/AAP.0b013e31823ebc74
https://www.ncbi.nlm.nih.gov/pubmed/22189576

Brain Sci. 2024, 14, 779 12 of 12

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kochanek, PM.; Simon, D.W.; Wagner, A.K. Targeting interleukin-6 after cardiac arrest-Let us not forget the brain. Resuscitation
2023, 184, 109715. [CrossRef] [PubMed]

Nolan, ].P,; Sandroni, C.; Andersen, L.W.; Bottiger, B.W.; Cariou, A.; Cronberg, T.; Friberg, H.; Genbrugge, C.; Lilja, G.; Morley,
P.T.; et al. ERC-ESICM guidelines on temperature control after cardiac arrest in adults. Resuscitation 2022, 172, 229-236. [CrossRef]
[PubMed]

Dankiewicz, J.; Cronberg, T.; Lilja, G.; Jakobsen, ].C.; Levin, H.; Ullén, S.; Rylander, C.; Wise, M.P.; Oddo, M.; Cariou, A.; et al.
Hypothermia versus Normothermia after Out-of-Hospital Cardiac Arrest. N. Engl. . Med. 2021, 384, 2283-2294. [CrossRef]
[PubMed]

Lascarrou, J.-B.; Merdji, H.; Le Gouge, A.L.; Colin, G.; Grillet, G.; Girardie, P.; Coupez, E.; Dequin, P.-F.; Cariou, A.; Boulain, T.;
et al. Targeted temperature management for cardiac arrest with nonshockable rhythm. N. Engl. ]. Med. 2019, 381, 2327-2337.
[CrossRef] [PubMed]

Kim, N.; Kitlen, E.; Garcia, G.; Khosla, A.; Miller, P.E.; Johnson, J.; Wira, C.; Greer, D.M.; Gilmore, E.].; Beekman, R. Validation
of the rCAST score and comparison to the PCAC and FOUR scores for prognostication after out-of-hospital cardiac arrest.
Resuscitation 2023, 188, 109832. [CrossRef] [PubMed]

Nishikimi, M.; Ogura, T.; Nishida, K.; Hayashida, K.; Emoto, R.; Matsui, S.; Matsuda, N.; Iwami, T. Outcome related to level
of targeted temperature management in postcardiac arrest syndrome of low, moderate, and high severities: A nationwide
multicenter prospective registry. Crit. Care Med. 2021, 49, e741-e750. [CrossRef]

Moseby-Knappe, M.; Mattsson-Carlgren, N.; Stammet, P.; Backman, S.; Blennow, K.; Dankiewicz, J.; Friberg, H.; Hassager, C.;
Horn, J.; Kjaergaard, J.; et al. Serum markers of brain injury can predict good neurological outcome after out-of-hospital cardiac
arrest. Intensive Care Med. 2021, 47,984-994. [CrossRef] [PubMed]

Annborn, M.; Dankiewicz, J.; Erlinge, D.; Hertel, S.; Rundgren, M.; Smith, J.G.; Struck, J.; Friberg, H. Procalcitonin after cardiac
arrest—An indicator of severity of illness, ischemia-reperfusion injury and outcome. Resuscitation 2013, 84, 782-787. [CrossRef]
Nellan, A.; McCully, C.M.L,; Cruz Garcia, R.; Jayaprakash, N.; Widemann, B.C.; Lee, D.W.; Warren, K.E. Improved CNS exposure
to tocilizumab after cerebrospinal fluid compared to intravenous administration in rhesus macaques. Blood 2018, 132, 662-666.
[CrossRef] [PubMed]

Wu, D.; Chen, Q.; Chen, X.; Han, E; Chen, Z.; Wang, Y. The blood-brain barrier: Structure, regulation, and drug delivery. Signal
Transduct. Target. Ther. 2023, 8, 217. [CrossRef] [PubMed]

You, Y.; Park, J.S.; Min, ].H.; Jeong, W.; Ahn, H.J.; In, Y.N.; Jeon, S.Y; Lee, ] K.; Kang, C. Blood-brain barrier permeability for the
first 24 hours in hypoxic-ischemic brain injury following cardiac arrest. Resuscitation 2024, 198, 110150. [CrossRef] [PubMed]
Wu, J.R.; Hernandez, Y.; Miyasaki, K.F; Kwon, E.J. Engineered nanomaterials that exploit blood-brain barrier dysfunction for
delivery to the brain. Adv. Drug Deliv. Rev. 2023, 197, 114820. [CrossRef] [PubMed]

Pang, X.; He, X,; Qiu, Z.; Zhang, H.; Xie, R.; Liu, Z.; Gu, Y.; Zhao, N.; Xiang, Q.; Cui, Y. Targeting integrin pathways: Mechanisms
and advances in therapy. Signal Transduct. Target. Ther. 2023, 8, 1. [CrossRef]

Barton, D.J.; Elmer, J. Open for business: The blood-brain barrier after cardiac arrest. Resuscitation 2024, 198, 110187. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.resuscitation.2023.109715
https://www.ncbi.nlm.nih.gov/pubmed/36736948
https://doi.org/10.1016/j.resuscitation.2022.01.009
https://www.ncbi.nlm.nih.gov/pubmed/35131119
https://doi.org/10.1056/NEJMoa2100591
https://www.ncbi.nlm.nih.gov/pubmed/34133859
https://doi.org/10.1056/NEJMoa1906661
https://www.ncbi.nlm.nih.gov/pubmed/31577396
https://doi.org/10.1016/j.resuscitation.2023.109832
https://www.ncbi.nlm.nih.gov/pubmed/37178901
https://doi.org/10.1097/CCM.0000000000005025
https://doi.org/10.1007/s00134-021-06481-4
https://www.ncbi.nlm.nih.gov/pubmed/34417831
https://doi.org/10.1016/j.resuscitation.2013.01.004
https://doi.org/10.1182/blood-2018-05-846428
https://www.ncbi.nlm.nih.gov/pubmed/29954750
https://doi.org/10.1038/s41392-023-01481-w
https://www.ncbi.nlm.nih.gov/pubmed/37231000
https://doi.org/10.1016/j.resuscitation.2024.110150
https://www.ncbi.nlm.nih.gov/pubmed/38401708
https://doi.org/10.1016/j.addr.2023.114820
https://www.ncbi.nlm.nih.gov/pubmed/37054953
https://doi.org/10.1038/s41392-022-01259-6
https://doi.org/10.1016/j.resuscitation.2024.110187

	Introduction 
	Materials and Methods 
	Study Design and Population 
	Post-Cardiac Arrest Care 
	Data Acquisition 
	Baseline Characteristics 
	Measurement of IL-6, Systemic Inflammatory, Myocardial Injury, and Neuronal Injury Markers 
	Assessment for Injury Severity of the Cardiac Arrest 

	Assessment for the Injury Severity of the Cardiac Arrest 
	Statistical Analysis 

	Results 
	Baseline Characteristics of the Cohort 
	Time-Course of the Changes in IL-6 Associated with Injury Severity 
	Time-Course of the Changes in the Other Biomarkers Associated with Injury Severity 
	Independently Associated Biomarkers for IL-6 Level 

	Discussion 
	Conclusions 
	References

