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Abstract
Background: International guidelines for neuroprotection following out-of-hospital cardiac arrest (OHCA) recommend fever prevention ahead of

routine temperature management. This study aimed to identify any effect of changing from targeted temperature management to fever prevention

on neurological outcome following OHCA.

Methods: A retrospective observational cohort study was conducted of consecutive admissions to an ICU at a tertiary OHCA centre. Comparison

was made between a period of protocolised targeted temperature management (TTM) to 36 �C and a period of fever prevention.

Results: Data were available for 183 patients. Active temperature management was administered in 86/118 (72%) of the TTM cohort and 20/65

(31%) of the fever prevention group. The median highest temperature prior to the start of temperature management was significantly lower in

the TTM group at 35.6 (IQR 34.9–36.2) compared to 37.9 �C (IQR 37.7–38.2) in the fever prevention group (adjusted p < 0.001).

There was no difference in the proportion of patients discharged with Cerebral Performance Category 1 or 2 between the groups (42% vs. 40%,

p = 0.88). Patients in the fever prevention group required a reduced duration of noradrenaline (36 vs. 46 h, p = 0.03) and a trend towards a reduced

duration of propofol (37 vs. 56 h, p = 0.06).

In unadjusted analysis, use of active temperature management (irrespective of group) appeared to be associated with decreased risk of poor out-

come (OR = 0.43, 95% CI 0.23–0.78) but after adjustment for patient age, presenting rhythm, witnessed arrest and duration of CPR, this was no

longer significant (OR = 0.93, 95% CI 0.37–2.31, p = 0.88).

Conclusion: Switching from TTM to fever prevention following OHCA was associated with similar rates of neurological outcomes, with a possible

decrease in sedation and vasopressor requirements.
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Introduction

Temperature manipulation in early survivors of out of hospital cardiac

arrest (OHCA) has been widely studied over the last two decades,

supported by the clinical observation that fever is associated with

worse neurological outcomes after cardiac arrest.1 Randomised con-

trolled trials (RCTs) have evaluated the effect of varying degrees of

induced hypothermia on either survival2,3 or survival with good neu-

rological function.4–8 The most recently published of these, the multi-

centre Targeted Temperature Management 2 trial (TTM2) compared
targeted hypothermia at 33 �C to maintenance of normothermia in

the first 72 h post cardiac arrest but did not demonstrate a survival

benefit or improvement in neurological function after a period of tar-

geted hypothermia.3

In response to successive trial data, international guidelines and

clinical practice have evolved through an era of targeted hypothermia

and stringent temperature control9 to the current more permissive

strategy of fever prevention – tolerating temperatures up to 37.7C

in the first 72 h after cardiac arrest.10 The current European Resus-

citation Council guidelines are supported by a meta-analysis of the

various trials evaluating TTM strategies, which concluded that
ns.
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targeted hypothermia does not reduce mortality or improve favour-

able neurological outcome when compared to normothermia.11

Following the publication of the TTM2 trial the Intensive Care

Units (ICU) at our centre switched from a protocol of routine targeted

temperature management after OHCA to a fever prevention strategy,

focused on maintaining core temperature at or below 37.7C.

The aim of this study was to compare neurological outcome,

duration of sedation and vasopressors, and prevalence of hypo-

and hyperthermia in OHCA patients before and after transition to

fever prevention at our centre.

Methods

A retrospective cohort study was conducted of all consecutive admis-

sions to the ICUs at Barts Heart Centre, a large urban teaching hos-

pital, following out of hospital cardiac arrest during the study periods

1st January to 31st December 2019 (TTM period) and 1st November

to 31st July 2022 (fever prevention period).

The study was registered as a local service evaluation as defined

by the National Institutes of Health Research and as such ethical

approval was not required.

Clinical and temperature management

In our system, emergency medical services (EMS) directly transport

all resuscitated patients with OHCA and suspected cardiac cause

(ST segment elevation on ECG after return of spontaneous circula-

tion, initial rhythm of ventricular fibrillation or ventricular tachycardia,

or clinical suspicion) to the Heart Attack Centre. In keeping with inter-

national guidelines, patients are acutely transferred to the catheteri-

sation laboratory if there are electrocardiographic criteria of occlusive

myocardial infarction, cardiogenic shock or refractory arrhythmia.

Standard post-OHCA care included neuroprotective ventilation and

mean arterial pressure targets. Sedation to a Richmond agitation

sedation scale of �4 or less was administered during the period of

protocolised temperature management, with choice of sedative at

the discretion of the treating clinician.

During the study periods, where indicated, targeted temperature

management was delivered with the Arctic Sun � 5000 (Franklin, NJ,

USA) cooling device. Prior to 2021 (‘TTM period’), the protocol used

routine temperature management to 36 �C for the first 24h post

admission, with temperature maintained <37.5 �C for a further

48 h. After 2021 (‘fever prevention period’), unit protocols permitted

cooling only for prevention of fever – defined as temp > 37.8 �C –

within the first 72 h of admission. Device based cooling was only

instituted if and when core temperature reached the protocolised

thresholds for initiation. The cohort of patients who remained hypo-

or normo-thermic during the protocolised periods did not receive

device-based cooling. Paracetamol 1 g every 6 h was prescribed

routinely unless there was a contra-indication and initial passive cool-

ing was permitted in the fever prevention cohort.

Data collection and statistical analysis

Patients were included if the admission diagnosis was “out of hospi-

tal cardiac arrest” as per the Intensive Care National Audit and

Research Consortium (ICNARC) case mix programme dataset.

Patient characteristics, circumstances of cardiac arrest and pre-

hospital management were collected according to the Utstein tem-

plate.12 ICU data were extracted from the electronic patient record,

ICU paper charts and EMS documentation within the patient’s paper
notes. Results are reported in accordance with the STrengthening

the Reporting of OBservational studies in Epidemiology (STROBE)

statement.13

Outcome

The primary outcome was the Glasgow-Pittsburgh Cerebral Perfor-

mance Category (CPC) at discharge from hospital. A good outcome

was considered CPC 1 or 2 at hospital discharge. Secondary out-

comes included ICU length of stay, duration of mechanical ventila-

tion, prevalence of fever (time spent >37.7 �C), prevalence of

hypothermia (time spent <35.0 �C), hours of sedation and hours of

vasopressor use.

Statistical analysis

All statistical analysis was undertaken using R version 4.2.2. (R

Foundation for Statistical Computing, Vienna, Austria). There was

no imputation of missing data. Dichotomous outcomes were

assessed using chi-squared test and continuous outcomes assessed

with Kruskal-Wallis test or Wilcoxon rank-sum test as appropriate. In

the primary analysis, p values were adjusted for multiple compar-

isons using the Holm-Bonferroni correction. Adjustment for con-

founding was performed with multivariable logistic regression using

an a priori parsimonious model consisting of known predictors of

neurological outcome following out-of-hospital cardiac arrest (age,

presenting rhythm, presence of witnessed cardiac arrest, and dura-

tion of CPR).

All code used for analysis can be made available upon request to

the corresponding author.

Results

A total of 183 patients were included: 118 during the targeted tem-

perature management (TTM) period and 65 during the fever preven-

tion (FP) period. In the cohort as a whole, the median age was

60 years (IQR 48–71) and the median pre-morbid Rockwood frailty

score was 3 (IQR 2–4).

The majority of patients (n = 140, 76%) received bystander CPR;

17% (n = 31) had a public access defibrillator applied and 14%

(n = 26) received bystander defibrillation prior to EMS arrival. The

median duration of CPR was 20 minutes (IQR 13–33). At arrival to

hospital, median lactate was 4.3 mmol.L-1 (IQR 2.3–7.3) and median

pH was 7.21 (IQR 7.10–7.29). Three-quarters of patients (n = 136,

74%) had no motor response to stimulation on arrival.

There were no significant differences in baseline characteristics

between the two cohorts (Table 1); there was a non-statistically sig-

nificant decrease in the proportion of patients presenting with an ini-

tial shockable rhythm in the fever prevention period (73% vs. 81%)

and a corresponding decrease in the proportion of patients with an

initial rhythm of asystole (5% vs 8%, unadjusted p value for initial

rhythm = 0.053). Characteristics of patients with and without fever

in the FP period are outlined in Table S1.

Use of targeted temperature management

Temperature measurements were available for 148 patients (n = 99

from TTM period, n = 49 from fever prevention period), Fig. 1. The

median patient temperature in the first 24 h was lower in the TTM

period at 36.0 (35.7–36.0) �C compared with the fever prevention

period (36.4 (35.5–36.9) �C, adjusted p = 0.009), but not across

the first 72 h of admission (TTM period = 36.4 �C (36.1–36.7) vs.



Table 1 – Characteristics of 183 patients admitted to intensive care with out-of-hospital cardiac arrest during
study period.

TTM period

n = 118

Fever prevention period

n = 65

p

Age 59.5 (49.3–71.0) 61.0 (45.0–69.0) 0.38

Sex

Male 92 (78%) 52 (79%) 1.00

Female 26 (22%) 13 (21%)

Ethnicity 0.36

White 58 (49%) 36 (55%)

Black 6 (5%) 4 (6%)

Asian 22 (19%) 14 (22%)

Other/Unknown 34 (29%) 11 (17%)

Pre-arrest Rockwood frailty score 3 (2–4) 3 (2–3) 0.95

Initial rhythm 0.073

VF/VT 95 (81%) 47 (72%)

PEA 13 (11%) 15 (23%)

Asystole 10 (8%) 3 (5%)

Bystander CPR 86 (73%) 54 (83%) 0.28

Bystander defibrillation 13 (11%) 13 (20%) 0.30

Total down time (minutes) 20.0 (13.5–33.0) 20.0 (12.8–31.5) 0.78

Total intra-arrest adrenaline dose (mg) 1 (0–2) 1 (0–3) 0.97

Initial lactate 4.4 (2.7–7.7) 3.8 (1.9–7.2) 0.12

Initial pH 7.21 (7.12–7.29) 7.22 (7.09–7.29) 0.96

Initial motor response 0.72

1 87 (76%) 48 (74%)

2 2 (2%) 3 (5%)

3 6 (5%) 6 (9%)

4 6 (5%) 2 (3%)

5 8 (7%) 4 (6%)

6 5 (4%) 2 (3%)

TTM = targeted temperature management; VF = ventricular fibrillation; VT = ventricular tachycardia; PEA = pulseless electrical activity; CPR = cardiopulmonary

resuscitation

Fig. 1 – Distribution of post-admission temperature in the first 72 h post ICU admission from 148 patients admitted to

ICU after out-of-hospital cardiac arrest. Summary of mean temperature over 4 hour periods post-ICU admission.

FP = Fever Prevention; TTM = Targeted Temperature Management.
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fever prevention period = 36.6 �C (35.7–37.1), p = 0.12). Fever (de-

fined as temperature >37.7 �C) occurred in 45% of patients in the

TTM group (45/99) and 49% of patients in the fever prevention group

(24/49), p = 0.73. Hypothermia (defined as temperature <35.0 �C)
occurred in the majority of patients: 66% of the TTM group (64/99)

and 80% (39/49) of the fever prevention group, p = 0.09.

Table 2 reports temperature management utilisation, sedation

and vasopressor use and neurological outcomes between groups.

Active temperature management was used in 86/118 patients

(72%) in the TTM group for a median of 49 h and 20/65 (31%) of

the fever prevention group for a median of 43 h. Characteristics of

the patients in the TTM period who did and did not receive a temper-

ature control intervention are outlined in Table S2 and reasons for

non-adherence to the TTM protocol are described in Supplementary

Table S3. Median highest temperature recorded prior to active tem-

perature management in the TTM group was significantly lower at

35.6 �C (IQR 34.8–36.2) compared to 37.9 �C (IQR 37.7–38.2) in

the fever prevention group (adjusted p <0.001). Fig. 2 displays rolling

median temperature at 4-hour intervals in patients with and without

an active temperature management device in both periods; reduced

temperature variability was seen in patients who received a temper-

ature management device.

Outcomes

There was no difference in the primary outcome of neurologically

intact survival to hospital discharge between the TTM and fever pre-

vention groups. Survival to hospital discharge with Cerebral Perfor-

mance Category 1 or 2 occurred in 42% (50/118) of patients in the

TTM group and 40% (26/65) in the fever prevention group

(p = 0.88). There was no difference between the TTM and fever pre-

vention groups in either duration of mechanical ventilation (median

4.0 (2.0–8.0) days vs. 5.0 (2.0–10.0) days, p = 0.44) or ICU length

of stay (median 4.5 (1.6–9.5) days vs. 5.8 (2.1–11.6) days,

p = 0.32). These results were unchanged in sensitivity analysis

including only patients who survived > 72 h (Supplemental

Appendix).

Sedation and vasopressor usage

Table 3 displays total hours of vasopressor and sedation used in

each group. Numerically, there were reductions in the duration of

all included vasopressor and sedative agents except dexmedeto-
Table 2 – Management and outcomes of 182 patients adm
arrest during study period.

TTM period

n = 118

Temperature on arrival 35.0 (34.1–35

TTM used 86 (72%)

Max T�prior to TTM 35.6 (34.9–36

TTM duration (h) 49 (30–65)

Median T�first 24 h 36.0 (35.7–36

Median T�first 72 h 36.4 (36.0–36

Fever (T�> 37.7) 45/99 (45%)

Hypothermia 64/99 (65%)

CPC at Hospital Discharge

1–2 50 (42%)

3–5 68 (58%)

Duration of mechanical ventilation (days) 4.0 (2.0–8.0)

ICU length of stay (days) 4.5 (1.6–9.5)

CPC = Glasgow-Pittsburgh Cerebral Performance Category. * = p < 0.05.
midine during the fever prevention group. However, the only one of

these to reach statistical significance was reduced duration of nora-

drenaline in the fever prevention group (median 36 (18–57 h) vs. 46

(26–66) h in the TTM group, p = 0.03). Dexmedetomidine had

increased use (12% vs 3%, p = 0.03) in the fever prevention group

but no significant difference in duration.

Association between fever, TTM use and outcome

While there was no change in neurologically intact survival between

patients in the TTM and fever prevention cohorts, in unadjusted anal-

ysis patients who actually received active temperature management

had lower odds of poor neurological outcome (OR 0.43, 95% confi-

dence interval (CI) 0.23–0.78, p < 0.001). A statistically higher med-

ian temperature in the first 24 h was also observed in patients with

good neurological outcome (36.0 �C (IQR 36.0–36.7) than those with

poor outcome (35.9 �C (IQR 35.3–36.0), OR for 1 degree rise in tem-

perature 0.40 (95% CI 0.23–0.64, p < 0.001). Fever was present in

51% of patients with good outcome and 44% of patients with poor

outcome (p = 0.50).

A multivariable logistic regression module was created to adjust

the observed association between TTM use, median temperature

and outcome for known predictors of neurological outcome in OHCA

and is presented in Table 4. These factors include patient age, pre-

senting rhythm of VF or VT, witnessed cardiac arrest, and duration of

cardiac arrest (‘downtime’). After adjustment for these confounding

variables, the association between TTM use and outcome was no

longer significant (adjusted OR for poor outcome = 0.93, 95% CI

0.37–2.31, p = 0.88), but the association with median temperature

in the first 24 h remained (adjusted OR for poor outcome with 1

degree rise in median T�= 0.49, 95%CI 0.26–0.85, p = 0.02). Pre-

senting rhythm of VF/VT was associated with better outcome

(OR = 0.33, 95% CI 0.11–0.92, p = 0.04), and increased duration

of cardiac arrest worsened outcome (OR for 1 minute increase = 1.06,

95% CI 1.03–1.09, p < 0.001).

Discussion

Our data have demonstrated the impact of abandoning strict targeted

temperature management strategies in favour of fever prevention

within our Intensive Care Units. Median temperatures in the first
itted to intensive care with out-of-hospital cardiac

Fever prevention period

n = 65

p

.8) 34.7 (34.1–35.9) 0.92

20 (31%) <0.001

.2) 37.9 (37.6–38.1) <0.001*

43 (21–57) 0.18

.0) 36.4 (35.5–36.9) 0.009*

.7) 36.6 (35.7–37.1) 0.11

24/49 (49%) 0.73

39/49 (80%) 0.09

0.88

26 (40%)

39 (60%)

5.0 (2.0–10.0) 0.44

5.8 (2.1–11.6) 0.32



Fig. 2 – Rollingmedian temperature across 4-hour intervals for patients admitted to ICU post cardiac arrest stratified

by temperature management protocol and actual device use.

Table 3 – Use of vasopressor and sedation by temperature management strategy in 183 patients admitted to
intensive care following out-of-hospital cardiac arrest.

TTM period

n = 118

Fever prevention periodn = 65 p

Total vasopressor (h) 49 (14–82) 37 (14–69) 0.28

Adrenaline 29 (25%) 12 (18%) 0.62

Median (h) 34 (19–52) 23 (13–36) 0.18

Noradrenaline 84 (71%) 47 (72%) 1.00

Median (h) 46 (26–66) 36 (18–57) 0.03*

Vasopressin 33 (28%) 15 (23%) 0.82

Median (h) 35 (17–49) 22 (11–37) 0.17

Total sedation (h) 106 (36–138) 91 (35–132) 0.31

Propofol 96 (81%) 49 (75%) 0.45

Median (h) 52 (24–71) 37 (18–67) 0.06

Midazolam 16 (14%) 7 (10%) 0.89

Median (h) 18 (8–39) 19 (16–36) 0.59

Fentanyl 88 (75%) 45 (69%) 0.99

Median (h) 54 (32–69) 45 (23–66) 0.30

Dexmedetomidine 4 (3%) 8 (12%) 0.03*

Median (h) 7 (6–13) 17 (6–34) 0.54

* = p < 0.05.
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24 h after ICU admission were higher during the period of fever pre-

vention compared to the TTM era (36.4 �C vs 36.0 �C, p = 0.009),

with a higher maximum temperature prior to initiating active temper-

ature management. This reflects a real change in practice after the

publication of the TTM2 trial. Nolan et al.14 similarly observed an

increase in average temperature within the first 24 h in UK Intensive

Care Units when evaluating the implementation of findings from the

original TTM trial, which showed that temperature control at 36 �C
was equivalent to targeting 33 �C.2 The more modest difference in

our study reflects a smaller magnitude of change from controlled nor-

mothermia (TTM group) to fever prevention.
An absence of difference in our primary outcome of recovery with

good neurological function, as determined by the Cerebral Perfor-

mance Category score at hospital discharge, is in keeping with the

body of major studies that have not shown harm from targeted tem-

perature strategies compared to fever prevention. Importantly, pre-

morbid function in our study assessed by the Rockwood Clinical

Frailty Scale suggested that in each group most patients had good

function before their cardiac arrest and, therefore, the potential to

achieve a meaningful functional outcome. Multivariable analysis con-

firmed that the known positive prognostic factors of VF/VT cardiac

arrest15 and shorter duration of cardiac arrest16 remained true within



Table 4 – Univariable and muultivariable logistic regression analysis for neurological outcome (CPC 1–2) at
hospital discharge in 183 patients admitted to intensive care after out of hospital cardiac arrest.

Good outcome

n = 76

Poor outcome

n = 107

OR for poor outcome p

Univariable analysis

TTM used 53 (70%) 53 (50%) 0.43 (0.23–0.78) <0.001*

Median T�24 36.0 (36.0–36.7) 35.9 (35.3–36.0) 0.40 (0.23–0.64) <0.001*

Fever 33/65 (51%) 36/82 (44%) 0.76 (0.39–1.48) 0.50

Multivariable analysis

TTM used 53 (70%) 53 (50%) 0.93 (0.37–2.31) 0.88

Median T�24 36.0 (36.0–36.7) 35.9 (35.3–36.0) 0.49 (0.26–0.85) 0.02*

Age (years) 58 (47–65) 62 (49–72) 1.02 (0.99–1.05) 0.13

Rhythm = VF/VT 68 (89%) 74 (69%) 0.33 (0.11–0.92) 0.04*

Downtime (mins) 15 (9–23) 28 (16–41) 1.06 (1.03–1.09) <0.001*

Witnessed arrest 65 (86%) 83 (76%) 0.45 (0.15–1.26) 0.13

CPC = Glasgow-Pittsburgh Cerebral Performance Category. VF = ventricular fibrillation. VT = ventricular tachycardia. * = p < 0.05.
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our study population. We find it reassuring that in the absence of any

other major changes in post-resuscitation care that our outcomes

have remained comparable between the two study periods and take

this to demonstrate consistent practice within our centre.

Despite the reduction in the use of active temperature manage-

ment from 70% to 30% between the two periods in our study, the pro-

portion of patients with fever in each group remained the same. This

may suggest that any beneficial effect of temperature management

to 36 �C is also seen with effective fever prevention. That said, we

did not observe any association between fever and outcome in this

study, even after sensitivity analysis which excluded patients who

died within 72 h of admission (and therefore had less time to experi-

ence fever).

Whilst in the earlier TTM group there was a clear protocol for tem-

perature control within the first 72 h of Intensive Care admission the

fever prevention strategy is less prescriptive. Although temperature

control is commenced at a threshold of 37.8 �C, the decision to dis-

continue the therapy within the first 72 h is at clinician discretion and

influenced by timing of clinical assessments and decision-making

practices, often confined to a twice daily ward round. Furthermore,

current guidelines advocate avoidance of fever for at least 72 h

and do not stipulate a precise end point.10 However, more recent evi-

dence from a sub study of the BOX trial – published after the most

recent European guidelines – suggests no difference in neurological

outcome whether fever prevention is continued to 36 or 72 h post

cardiac arrest, albeit after an initial 24 h of targeted temperature

management at 36 �C.17

Targeted temperature management has traditionally been used

with deep sedation as part of a ‘neuroprotective’ strategy and in part

to allow neuromuscular blockade for shivering control.18 The TTM2

trial maintained a similar depth and duration of sedation for both

intervention arms3; one potential benefit of a switch to fever preven-

tion outside a controlled clinical trial could be a reduction in the dura-

tion of sedation and therefore sedation-associated vasopressor

requirement. Whilst we found that the duration of sedative use

between TTM and fever prevention groups did not meet statistical

difference for any of propofol, fentanyl or midazolam, in this retro-

spective study the total cumulative doses of sedative agents are

unknown and it is possible that these may have differed.

Our finding that noradrenaline use was reduced in the fever pre-

vention group may be explained by a shorter duration of propofol
sedation (though this did not reach statistical significance), but other

explanations include a difference in the post-cardiac arrest syndrome

between the two groups19 and greater vasodilation in patients receiv-

ing targeted temperature management. Data on mean arterial pres-

sure were not collected in this study, but there was no change in

clinical procedures regarding blood pressure targets during the time

periods included in this study. Further, it is conceivable that differ-

ences in the actual temperature management delivered with accom-

panying differences in sedation dosing may have contributed to a

difference in vasopressor use between these two groups.

In summary, these data suggest that in a real-world setting, a

move to a fever prevention strategy was not associated with a signif-

icant change in neurological outcomes or length of ICU stay. Similar

results have been observed from a single centre before-after study in

Finland,20 and a large Australian OHCA cohort, in which patients

ineligible for the TTM2 trial demonstrated similar or better neurolog-

ical outcomes when treated with fever prevention compared to ther-

apeutic hypothermia.21 More broadly, a recent systematic review of

fever therapy in febrile adults found insufficient evidence to confirm

or refute any benefit in quality of life.22 These results do not, how-

ever, exclude the potential benefit of hypothermia in subgroups such

as patients with non-shockable rhythms and those with cardiogenic

shock.8,23

Limitations

The study had several limitations. As with any before-after analysis,

any effect of other changes in practice during the studied time period

may have confounded the results. Although we controlled for known

predictive factors of neurological outcome in the multivariable analy-

sis, there may have been other differences in the patient populations

which affected the results. Fever may have acted as a competing risk

in this study, given the number of patients who died prior to 72 h (and

therefore had less time to experience fever); however, the sensitivity

analysis excluding these patients demonstrated virtually identical

results.

We also were unable to collect data on the exact set point of tem-

perature management applied, or the doses of sedation and vaso-

pressor administered. Temperature data were absent in 35/183

patients (19%); owing to the hybrid nature of documentation in our

unit (paper and electronic notes), there were also missing data relat-

ing to sedation and vasopressor use. 10% of patients did not receive
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TTM when indicated due to a protocol violation reflecting the chal-

lenges of rigorous protocol institution outside of a clinical trial.

Conclusion

In a single-centre before-after comparison, a switch from targeted

temperature management at 36 �C to fever prevention in patients

admitted to intensive care after OHCA had no effect on neurological

outcomes. A reduction in vasopressor requirement and possible

reduction in sedation duration was seen in the fever prevention

group. The impact of device-based fever prevention on neurological

outcomes in OHCA is being formally assessed in the STEPCARE

trial (NCT05564754).
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