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Abstract

Background: Elevated levels of troponin-I (Tnl) are common in out-of-hospital cardiac arrest (OHCA) patients. However, studies
evaluating the prognostic value of Tnl clearance in OHCA patients are lacking. We aimed to examine how Tnl clearance (Tnl-C) differed
according to the neurological outcome group and mortality group at 6 months. Methods: This retrospective observational study involved
adults (>18 years) who were treated for an OHCA between January 2019 and December 2022. The Tnl-Cs were calculated for days 1
to 2 (TnI-Clst) and 2 to 3 (Tnl-C2nd) after the return of spontaneous circulation (ROSC). The primary outcome was a poor neurological
outcome at 6 months, defined by cerebral performance categories 3, 4, and 5. The secondary outcome was 6-month mortality. Results:
A total of 227 patients were included. A poor neurological outcome and mortality at 6-months were reported in 150 (66.1%) and 118
(52.0%) patients, respectively. The Tnl-Clst was significantly lower in patients with a poor outcome compared with good outcome
patients (neurological outcome at 6 months, 54.4% vs. 42.3%; 6-month mortality, 52.1% vs. 42.7%, respectively). In the multivariable
analyses, a Tnl-Clst <50% was associated with a poor neurological outcome (odds ratio [OR] 2.078, 95% confidence interval [CI]
1.080-3.995, p = 0.028) and mortality (OR 2.131, 95% CI 1.114-4.078, p = 0.022) at 6 months. Conclusions: After ROSC, Tnl-Clst
<50% was associated with a poor neurological outcome and mortality at 6 months in OHCA patients.
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1. Introduction Therefore, we aimed to investigate any differences in tro-
ponin clearance between neurological outcome groups and

Although i -cardi t . .
though progress in post-cardiac arrest management mortality groups 6 months after cardiac arrest.

has improved clinical outcomes, including in targeted tem-
perature management (TTM) and goal-directed therapies,

the prognosis for most patients suffering out-of-hospital
cardiac arrest (OHCA) remains poor [ 1-3]. Guidelines rec-
ommend a multimodal prognostic approach in cardiac arrest
survivors to promote the patient’s prognostication [1]. Of
the available prognostic tools, biomarkers have the advan-
tage of being minimally affected by sedatives.

Troponin testing has high sensitivity and specificity
for myocardial injury, while elevated troponin levels are
common after OHCA since myocardial injury occurs [4,5].
However, in several studies, the initial troponin level did
not reflect the prognosis of OHCA patients [5—7]. Con-
versely, lactate may also be related to myocardial ischemia,
while lactate clearance was related to OHCA prognosis in
previous studies [8—10]. While troponin clearance has been
associated with patient prognosis in several severe diseases
[11,12], studies evaluating troponin clearance for the prog-
nosis of OHCA patients are lacking.

We hypothesized that a lower troponin clearance after
the return of spontaneous circulation (ROSC) is related to a
poor neurological outcome or mortality in OHCA patients.

2. Methods
2.1 Study Design and Population

This retrospective observational study involved adult
(age >18 years) OHCA patients treated with TTM at a
University-affiliated tertiary hospital between January 2019
and December 2022, and it was approved by the Chonnam
National University Hospital Institutional Review Board
(CNUH-2023). Patients’ troponin-I (Tnl) levels were con-
tinually measured up to 3 days after ROSC. We excluded
patients who were younger than 18 years, lacked Tnl mea-
surements, or had terminated TTM due to transfer or death.

2.2 Study Protocol

Comatose cardiac arrest patients underwent TTM ac-
cording to the written guideline-based protocol. Patients
were cooled to a target temperature of 32-36 °C, avoiding
a fever >37.5 °C. Target temperatures were maintained for
24 hours using a surface cooling device (Arctic Sun™ En-
ergy Transfer Pads, Becton, Dickinson and Company (BD),
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Franklin Lakes, NJ, USA). Propofol and remifentanil were
administered during TTM to achieve sedation and analge-
sia.

Data related to the following variables were obtained
from each patient’s hospital records: age, sex, body mass
index, preexisting illnesses, witnessed collapse, bystander
cardiopulmonary resuscitation (CPR), first on-scene moni-
tored rhythm, time from sudden cardiac arrest to ROSC, and
calculated Sequential Organ Failure Assessment (SOFA)
score within 24 hours of admission. Serum laboratory val-
ues, such as lactate and glucose levels, and results from arte-
rial blood gas analyses, such as partial pressure of oxygen
(Pa0O2) and carbon dioxide (PaCO,), were obtained upon
admission to the emergency department.

Blood samples were drawn to measure the Tnl levels
between 6 and 12 (T1), 12 and 18 (T2), 24 and 30 (T3), and
48 and 54 (T4) hours after ROSC. Additional Tnl measure-
ments were taken according to the physician’s discretion.
The serum Tnl measurement method used in this study was
the high-sensitivity one-step immunoassay with an analyt-
ical range of 0 to 0.05 ng/mL (ADVIA Centaur® XP/XPT,
Siemens AG, Munich, Germany). Peak Tnl levels were ex-
pressed according to the time from ROSC as follows: be-
fore 24 (Tnl1st); 24 to 48 (Tnl2nd); 48 to 72 (TnI3rd) hours.
The Tnl clearances (TnI-C) were calculated as ((Tnl1st —
Tnl2nd)/Tnllst) x 100, and they were expressed as Tnl-
Clst and Tnl-C2nd. Troponin is continuously leaked from
a necrotic myocardium; therefore, its apparent half-life af-
ter a myocardial infarction is about 24 hours [13]. Thus,
we expressed Tnl-C as a nominal variable when it was less
than 50%.

Neurological outcomes and mortality were evaluated
6 months after ROSC through structured telephone inter-
views with patients or their caregivers [14]. A neurological
outcome was evaluated via the cerebral performance cate-
gory (CPC) scale (CPC 1, good performance; CPC 2, mod-
erate disability; CPC 3, severe disability; CPC 4, vegetative
state; or CPC 5, brain death or death) [15]. The primary out-
come was a poor neurological outcome at 6 months, defined
as CPC 3, 4, or 5. The secondary outcome was mortality at
6 months.

2.3 Statistical Analysis

We presented the categorical variables as frequencies
and percentages, and we illustrated continuous variables as
the mean =+ standard deviation or the median and interquar-
tile range, depending on the Shapiro—Wilk test results. Cat-
egorical variables were compared using the x? test, while
continuous variables were compared between the groups
using independent #-tests or Mann—Whitney U tests.

We performed a multivariable logistic regression anal-
ysis to identify the association between Tnl-C and poor neu-
rological outcome or mortality at 6 months. Variables with
p-values < 0.20 on univariate comparisons were included
in the multivariable regression model. We used a back-

ward stepwise approach that sequentially eliminated vari-
ables with p-values > 0.10 to build a final adjusted regres-
sion model. The variables for Tnl levels were included in
the final model. The results of the logistic regression analy-
sis are presented as the odds ratio (OR) and 95% confidence
intervals (Cls). All analyses were conducted using PASW
Statistics for Windows, version 18.0 (SPSS Inc., Chicago,
IL, USA). Statistical significance was defined as p < 0.05
(two-sided).

3. Results
3.1 Patient Characteristics

During the study period, 249 OHCA patients were
treated with TTM. Fig. 1 provides an overview of the study.
A total of 227 patients were involved in the study. Their me-
dian age was 62.0 (50.0-71.0) years, and the median down-
time was 27.0 (17.0-43.0) minutes (Table 1). Of the pa-
tients included, 150 (66.1%) had a witnessed collapse, 138
(60.8%) received bystander CPR, 93 (41.0%) had a shock-
able monitored rhythm, and 135 (59.5%) had a cardiac eti-
ology. Poor neurological outcomes and death at 6 months
were reported in 150 (66.1%) and 118 (52.0%) patients, re-
spectively.

3.2 Baseline Characteristics According to Neurological
Outcome and Mortality at 6 Months

Table 1 compares baseline characteristics between the
neurological outcome and mortality groups. Compared to
patients with a poor neurological outcome, patients with a
good neurological outcome were younger and had lower
incidence of comorbidities (hypertension and diabetes), a
higher incidence of shockable monitored rhythm and car-
diac etiology, shorter downtimes, lower lactate, and PaCO»
levels, and lower SOFA scores (Table 1). Compared with
those who died, survivors were younger and had a higher
incidence of bystander CPR and cardiac etiology, shorter
downtimes, lower lactate, PaCO5 levels, and SOFA scores
(Table 1).

3.3 Serum Tnl Levels and Tnl-C in OHCA Patients

Table 2 compares the Tnl levels and Tnl-C between
neurological outcome and mortality groups. The Tnllst
was higher in patients with a good neurological outcome
than in patients with a poor neurological outcome (Table 2).
There were no differences in the Tnl levels between sur-
vivors and non-survivors. Survivors and patients with a
good neurological outcome had a higher Tnl1st compared
with non-survivors and patients with a poor neurological
outcome (Table 2). The proportion of patients with a Tnl-
Clst <50% was higher among non-survivors and those with
a poor neurological outcome than in survivors and patients
with a good neurological outcome (Table 2).
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OHCA patients in study period
(N=916)

No sustained ROSC (n=201)

Age <18 years old (n=18)

Alert mental status after ROSC (n=133)
Acute intracranial bleeding (n=33)
Trauma (n=90)

Pre-arrest CPC 3 or 4 (n=21)

Known limitations in therapy (n=171)

OHCA patients treated with TTM
(n=249)

Age <18 years old (n=8)
Lack of Tnl measurements up to 3 days after ROSC (n=3)
Interrupted TTM owing to transfer or death (n=11)

Patients included for analysis
(n=227)

(CPC 1-2, n=77)

(CPC 3-5, n=150)

[ Good neurologic outcome ] [ Poor neurologic outcome ]

Fig. 1. Schematic diagram showing the number of out-of-hospital cardiac arrest patients. OHCA, out-of-hospital cardiac arrest;

ROSC, return of spontaneous circulation; CPC, cerebral performance category; TTM, targeted temperature management.

3.4 Association between Tnl-C Clearance and
Neurological Outcome or Mortality at 6 Months

Table 3 shows the association between Tnl-C and
poor neurological outcome or mortality at 6 months. Age,
shockable monitored rhythm, time to ROSC, and PaCO-
were selected as the adjusted variables for poor neurolog-
ical outcome at 6 months (Supplementary Table 1), and
age, shockable monitored rhythm, and time to ROSC were
selected as the adjusted variables for 6-month mortality
(Supplementary Table 2). In a multivariable analysis, a
Tnl-Clst <50% was independently associated with both
a poor neurological outcome (OR 0.371, 95% CI 0.169—
0.819, p=0.014) and mortality at 6 months (OR 0.469, 95%
CI 0.245-0.898, p = 0.022). In contrast, neither Tnl-Clst
nor TnI-C2nd was related to either poor neurological out-
come or mortality at 6 months.

3.5 Association between Tnl-related Variables and Renal
Impairment Due to Preexisting lllnesses

Supplementary Table 3 shows the association be-
tween the Tnl-related variables and the patients’ renal im-
pairment due to a preexisting illness. The Tnll1st, TnI2nd,
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Tnl3rd, and Tnl-Clst in patients without renal impairment
were higher compared with patients with renal impairment.
The proportion of patients with a Tnl-Clst of <50% was
lower in patients without renal impairment compared with
patients with renal impairment.

4. Discussion

In this retrospective cohort study of OHCA patients
treated with TTM, we found that the TnI-C1st after ROSC
was lower in patients with a poor neurological outcome and
in non-survivors at 6 months than in those with a good neu-
rological outcome and survivors. After adjusting for poten-
tial confounders, Tnl-C1st <50% was found to be a surro-
gate marker for a poor neurological outcome or mortality at
6 months.

In the present study, the Tnl levels were higher than
normal in most OHCA patients after ROSC. While previous
studies have also reported elevated Tnl levels after cardiac
arrest [4,6,16], the peak Tnl level exhibited at admission
was lower than in the present study. The time to ROSC and
the proportion of patients with a shockable rhythm during
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Table 1. Comparisons of baseline characteristics according to neurological outcomes and mortality at 6 months.

. Neurological outcomes at 6 months Mortality at 6 months
Variables Total (n=227)
Good (n=77) Poor (n=150) P Survivors (n=109)  Non-survivors (n = 118) p
Demographics
Age, years 62.0 (50.0-71.0) 57.0 (44.5-66.5) 66.0 (52.8-75.0) <0.001 59.0 (47.0-69.5) 66.5 (51.8-75.0) <0.001
Male, n (%) 165 (72.7) 57 (74.0) 108 (72.0) 0.867 85 (78.0) 80 (67.8) 0.116
Body mass index, kg/m? 23.5(21.1-23.5) 24.2 (22.5-26.4) 23.1(20.6-25.1) 0.003 23.7 (21.6-25.9) 23.4 (20.8-25.8) 0.003
Preexisting illness, n (%)
Coronary artery disease 42 (18.5) 15 (19.5) 27 (18.0) 0.927 21 (19.3) 21 (17.8) 0.909
Congestive heart failure 9(4.0) 339 6 (4.0) 1.000 4 (3.7 5(4.2) 1.000
Hypertension 113 (49.8) 27 (35.1) 86 (57.3) <0.002 47 (43.1) 66 (55.9) 0.072
Diabetes 68 (30.0) 12 (15.6) 56 (37.3) <0.001 26 (23.9) 42 (35.6) 0.074
Renal impairment 21(9.3) 3.9 18 (12.0) 0.080 7(6.4) 14 (11.9) 0.236
Cardiac arrest characteristics
Witnessed collapse, n (%) 150 (66.1) 58 (75.3) 92 (61.3) 0.050 79 (72.5) 71 (60.2) 0.069
Bystander CPR, n (%) 138 (60.8) 52 (67.5) 86 (57.3) 0.178 74 (67.9) 64 (54.2) 0.049
Shockable rhythm, n (%) 93 (41.0) 59 (76.6) 34 (22.7) <0.001 71 (65.1) 22 (18.6) <0.001
Cardiac etiology, n (%) 135 (59.5) 66 (85.7) 69 (46.0) <0.001 84 (77.1) 51(43.2) <0.001
Time to ROSC, min 27.0 (17.0-43.0) 19.0 (14.0-27.0) 31.5(21.5-47.3) <0.001 20.0 (14.0-35.0) 31.5(22.0-48.0) <0.001
Characteristics after ROSC
Lactate, mmol/L 8.2 (5.0-11.4) 6.4 (6.2-9.6) 9.4 (6.0-12.2) <0.001 6.7 (4.1-9.5) 9.6 (6.0-12.2) <0.001
Glucose, mg/dL 262 (186-331) 249 (187-305) 274 (186-349) 0.310 254 (190-309) 274 (184-361) 0.418
PaO2, mmHg 143.0 (87.0-243.0)  125.5(77.5-224.5) 163.5(91.8-253.3)  0.076 138.0 (81.7-237.0) 162.0 (89.0-248.5) 0.452
PaCO2, mmHg 44.0 (34.0-63.0) 38.0 (32.8-44.0) 51.9 (35.8-70.0) <0.001 38.9 (32.9-49.0) 53.5(37.8-70.0) <0.001
SOFA score 11 (10-13) 10 (9-12) 12 (10-14) <0.001 11 (9-12) 12 (10-14) <0.001

o)

2,

(i

4

Ss3id NI

CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation; PaOo, partial pressure of oxygen; PaCO2, partial pressure of carbon dioxide; SOFA, Sequential

Organ Failure Assessment.
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Table 2. Comparisons of troponin-I levels according to neurological outcomes or mortality at 6 months.

Ss3id dNI

. Neurological outcomes at 6 months Mortality at 6 months
Variables Total (n = 227)
Good (n=77) Poor (n = 150) p Survivors (n=109)  Non-survivors (n = 118) p

Tnllst, ng/mL 4.07 (0.88-19.53)  5.06 (1.84-29.96)  2.79(0.77-13.94)  0.039  4.73 (0.98-25.73) 2.79 (0.84-11.95) 0.185
Tnl2nd, ng/mL 1.72 (0.42-10.11)  2.84(0.57-13.28)  1.45(0.41-9.45) 0215  2.47(0.41-13.28) 1.46 (0.43-9.17) 0.475
TnI3rd, ng/mL 1.20 (0.24-7.80) 1.62 (0.28-9.98) 0.98 (0.21-7.40)  0.281 1.61 (0.24-9.98) 1.00 (0.24-7.54) 0.581
Tnl-Clst, % 45.5 (23.1-62.6) 54.4 (33.6-71.0) 42.3(17.3-57.7)  0.001 52.1(30.1-65.9) 42.7 (17.3-55.9) 0.015
Tnl-Clst <50% (%) 131 (57.7) 33(42.9) 98 (65.3) 0.002 52 (47.7) 79 (66.9) 0.005
TnI-C2nd, % 37.0 (15.7-51.7) 43.0 (16.0-54.7) 359 (10.1-51.1)  0.306 40.5 (21.6-52.0) 32.4 (8.1-51.9) 0.170
TnI-C2nd <50% (%) 158 (69.6) 52(67.5) 106 (70.7) 0.739 76 (69.7) 82 (69.5) 1.000

Tnl, troponin-I; TnI-C, troponin-I clearance.

Table 3. Multivariable logistic regression analysis of troponin-I levels and poor neurological outcomes or mortality at 6 months.

. Neurological outcomes at 6 months Mortality at 6 months
Variables
Adjusted OR (95% CI)* p Adjusted OR (95% CI)® P

Tnllst, ng/mL 1.003 (0.994-1.012) 0.489 1.006 (0.998-1.015) 0.138
Tnl2nd, ng/mL 1.008 (0.997-1.018) 0.158 1.009 (1.000-1.019) 0.060
Tnl3rd, ng/mL 1.008 (0.997-1.020) 0.157 1.011 (1.000-1.022) 0.051
Tnl-Clst, % 1.194 (0.602-2.368) 0.612 1.027 (0.614-1.718) 0.919
Tnl-Clst <50% (%) 2.078 (1.080-3.995) 0.028 2.131 (1.114-4.078) 0.022
Tnl-C2nd, % 1.479 (0.837-2.614) 0.178 1.098 (0.674-1.789) 0.707
Tnl-C2nd <50% (%) 1.255 (0.623-2.528) 0.524 1.233 (0.615-2.469) 0.555

Each variable was individually entered into the final model and analyzed separately.

2Adjusted for age, shockable rhythm, time from collapse to return of spontaneous circulation, and
PaCOs level.

b Adjusted for age, shockable rhythm, and time from collapse to return of spontaneous circulation.

OR, odds ratio; CI, confidence interval; Tnl, troponin-I; Tnl-C, troponin-I clearance; PaCOs2, partial

pressure of carbon dioxide.
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either arrest, witnessed arrest, or bystander CPR may help
explain this difference, although this information was not
available in every study. Various mechanisms can cause
elevated Tnl levels, such as secondary ischemic injury to
the heart during cardiac arrest, the effects of defibrillation,
acute myocardial infarction due to coronary artery occlu-
sion, and cardiogenic shock after ROSC [17-19]. However,
in OHCA patients, the relationship between elevated Tnl
levels and prognosis is controversial [6,20]. In a single-
center retrospective cohort study of OHCA patients, the
peak Tnl level was neither associated with in-hospital mor-
tality nor poor neurological outcome at discharge [6]. An-
other study reported an association between high troponin
levels and survival to discharge in OHCA patients with ele-
vated ST [20]. A multivariable analysis in the present study
showed that elevated Tnl levels up to 3 days after ROSC
were neither associated with poor neurological outcome nor
mortality at 6 months in OHCA patients.

Although Tnl-Clst did not have a linear relationship
with the outcome of OHCA patients in the present study,
a Tnl-Clst <50% was associated with a poor neurologi-
cal outcome and mortality at 6 months in OHCA patients.
Originally, the Tnl half-life is several hours [21]; however,
in the case of an ongoing injury to the myocardium, such
as a myocardial infarction, the Tnl half-life is known to in-
crease to approximately 24 hours [13]. Although Tnl levels
were elevated in OHCA patients because of the ischemic in-
jury inflicted during cardiac arrest, an elevation in Tnl lev-
els was not associated with any outcomes. In other words,
if the same cardiac arrest ischemic injury is applied to indi-
vidual OHCA patients, the prognosis may vary depending
on the patient’s body metabolism. Depending on the de-
gree of metabolism during reperfusion injury, the Tnl lev-
els may decrease rapidly or slowly, or even increase. In the
present study, this physiologic response may be indirectly
expressed through Tnl-C. The relationship between Tnl-C
and disease severity is shown in several severe conditions.
Among patients with suspected acute coronary syndrome,
the measurement of Tnl 3 hours after admission may facil-
itate the early ruling-out of an acute myocardial infarction
[22]. Consistently elevated Tnl levels were associated with
90-day mortality and re-admission in patients with heart
failure [23], and a consistently high Tnl level after 24 hours
was associated with mortality in patients who had coronary
artery bypass surgery [24]. In patients with chronic renal
failure, low troponin clearance was associated with one-
month mortality [11]. In contrast, Tnl-C2nd was not asso-
ciated with any outcomes, probably because the reperfusion
injury was most active up to 1 day after ROSC [25].

In the present study, Tnl1st was higher in patients with
a good neurological outcome compared with patients with a
poor neurological outcome; a similar trend was observed in
survivors and non-survivors. It may seem paradoxical that
the Tnl levels, which are related to myocardial ischemia,
were higher in the good outcome group since Tnl is spe-

cific for coronary artery disease [26]. Previous studies have
shown that patients whose OHCA has a cardiac origin, in-
cluding coronary artery disease, have a better prognosis
than patients whose OHCA is non-cardiac in origin [27].
Simply, it is not possible to determine OHCA severity or
prognosis using a Tnl level taken at a single time point in-
stead of examining changes in the Tnl level. The TnI-C can
help select patients who may need more intensive treatment
by identifying their OHCA severity.

In this study, patients with renal impairment due to a
preexisting illness had a lower Tnl-C compared with pa-
tients without renal impairment. Previous studies have
shown that the Tnl values frequently rise and fall slowly
in patients with renal disease, even those without coronary
artery disease [28]. However, we do not believe that re-
nal impairment due to a preexisting illness influenced this
study’s findings because for renal impairment to affect the
Tnl-C, the peak Tnl value must also be high. However, in
this study, patients with renal impairment had lower peak
Tnl values than those without, making it difficult to con-
clude that renal impairment was affected. In addition, renal
impairment due to a preexisting illness was not related to
a poor neurological outcome or mortality of patients at 6
months post-OHCA.

5. Limitations

This study has several limitations. First, as this was
a single-center retrospective observational study, multicen-
ter studies with larger sample sizes are warranted to assess
generalizability and causality. Second, our study did not an-
alyze Tnl levels immediately after ROSC since blood sam-
pling was delayed because of patients being transferred af-
ter treatment at another hospital or initial intensive treat-
ment. Third, although we tried, we could not measure Tnl
at the designated time in our study, making it impossible
to confirm the relationship between changes in Tnl level
over time and patient prognosis. However, because Tnl lev-
els were collected within a maximum of 6 hours from the
designated time and presented through the peak value, the
associated error is not expected to be substantial. Fourth,
there were three patients whose Tnl could not be measured.
Although this number was small, selection bias may have
occurred because these patients were excluded. Fifth, the
OHCA patients who did not undergo TTM were excluded
from this study. Most of the OHCA patients who did not
undergo TTM were transferred to other hospitals without
being hospitalized at our hospital, and their long-term prog-
nosis could not be accurately measured. Therefore, we de-
cided to exclude the OHCA patients who did not undergo
TTM from this study. Sixth, although we investigated renal
impairment due to a preexisting illness and Tnl-related vari-
ables, these relationships do not fully explain the effect of
renal impairment on the Tnl-related variables in OHCA pa-
tients. Furthermore, this study did not investigate whether
an acute kidney injury occurred post-resuscitation or if con-
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tinuous renal replacement therapy was administered. Thus,
further research is needed to clarify this in the future. Fi-
nally, 11 patients were withdrawn from the study because
of interrupted TTM after transfer or death, which may have
led to selection bias.

6. Conclusions

In OHCA patients, a Tnl-Clst <50% after ROSC was
associated with poor neurological outcome and mortality at
6 months.
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