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Abstract

Background: Fever after cardiac arrest may impact outcome. We aimed to assess the

incidence of fever in post-cardiac arrest patients, factors predicting fever and its

association with functional outcome in patients treated without targeted tempera-

ture management (TTM).

Methods: The FINNRESUSCI observational cohort study in 2010–2011 included

intensive care unit (ICU)-treated out-of-hospital cardiac arrest (OHCA) patients

from all five Finnish university hospitals and 14 of 15 central hospitals. This post

hoc analysis included those FINNRESUSCI study patients who were not

treated with TH. We defined fever as at least one temperature measurement of

≥37.8�C within 72 h of ICU admission. The primary outcome was favourable

functional outcome at 12 months, defined as cerebral performance category

(CPC) of 1 or 2. Binary logistic regression models including witnessed arrest,

bystander cardiopulmonary resuscitation (CPR), initial rhythm and delay of return

of spontaneous circulation were used to compare the functional outcomes of the

groups.

Results: There were 67,428 temperature measurements from 192 patients, of

whom 89 (46%) experienced fever. Twelve-month CPC was missing in 7 patients,

and 51 (28%) patients had favourable functional outcome at 12 months. The

patients with shockable initial rhythms had a lower incidence of fever within 72 h

of ICU admission (28% vs. 72%, p < .01), and the patients who experienced

fever had a longer median return of spontaneous circulation (ROSC) delay

(20 [IQR 10–30] vs. 14 [IQR 9–22] min, p < .01). Only initial non-shockable

rhythm (OR 2.99, 95% CI 1.51–5.94) was associated with increased risk of fever

within the first 72 h of ICU admission. Neither time in minutes nor area (minute-

s � degree celsius over threshold) over 37�C, 37.5�C, 38�C, 38.5�C, 39�C, 39.5�C or

40�C were significantly different in those with favourable functional outcome
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compared to those with unfavourable functional outcome within the first 24, 48 or

72 h from ICU admission. Fever was not associated with favourable functional out-

come at 12months (OR 0.90, 95% CI 0.44–1.84).

Conclusions: Half of OHCA patients not treated with TTM developed fever. We

found no association between fever and outcome.

K E YWORD S

cardiac arrest, fever, hyperthermia, resuscitation, targeted temperature management,
therapeuric hypothermia

Editorial Comment

How temperature in different ranges can effect recovery after cardiac arrest is still the

subject of intense study. In this secondary analysis of a out-of-hospital cardiac arrest

cohort in Finland, the outcomes for those not actively treated for temperature manage-

ment were analyzed along with other case factors. For this cohort, no association was

observed between temperature levels and early or later outcomes, favorable or

unfavorable.

1 | INTRODUCTION

Fever may occur after out-of-hospital cardiac arrest (OHCA), and

the European Resuscitation Council (ERC) recommends avoiding

temperature of >37.7�C for 72 h after return of spontaneous circu-

lation (ROSC) in comatose OHCA patients.1 Initial studies showed

that targeted temperature management (TTM) at 33�C increased

the rate of favourable neurologic outcome in OHCA patients with

an initial shockable rhythm,2,3 but a recent large randomised con-

trolled trial including 1850 patients showed that TTM at 33�C does

not improve the functional outcome compared to targeted normo-

thermia and may increase the risk of arrythmia with haemodynamic

compromise.4 No randomised trials have compared early con-

trolled normothermia to no temperature control, but observational

studies have shown an association between fever and unfavour-

able functional outcome.1,5–7 Furthermore, it is not known if fever

in these patients functions as an independent factor causing worse

functional outcome or merely reflects a more severe ischaemic

brain injury.1

Understanding risk factors of fever and its effects on func-

tional outcome in patients not treated with TTM could eventually

lead to better identification of patients at risk for fever and ulti-

mately more focused treatment. We aimed to determine the

occurrence of fever and factors associated with it in OHCA

patients not treated with TTM. The observational FINNRESUSCI

study was conducted when post-cardiac TTM targeted a tempera-

ture of 33�C and there were few other recommendations. In

Finland, many hospitals focused on treating patients with similar

characteristics as those included in the Hypothermia After Cardiac

Arrest (HACA) trial.2 This analysis gives the opportunity to study

the development of fever when there were few recommendations

on fever avoidance beyond TTM at 33�C.

2 | METHODS

2.1 | Study population and setting

This study is a post hoc analysis of FINNRESUSCI study patients who

were not treated with TTM.8 The FINNRESUSCI study was an observa-

tional prospective cohort study including OHCA patients from all Finnish

university hospital intensive care units (ICU) and 14 of 15 central hospital

ICUs during 2010–2011. The referral areas of the participating hospitals

cover approximately 98% of the Finnish adult population. The inclusion

criteria for the original study were OHCA, successful resuscitation, age

over 18 years and post-resuscitation care in a participating ICU. The study

did not have a specific protocol for TTM, but at the time, Finnish inten-

sive care guidelines recommended TTM only if the OHCA was witnessed,

the initial rhythm was shockable and the patient was unconscious at hos-

pital or ICU admission.9 However, some patients with non-shockable

initial rhythms were also treated with TTM, as the 2010 European Resus-

citation Council (ERC) guidelines suggested.10 Baseline and resuscitation

characteristics of the included patients were compared with patient popu-

lation of the original FINNRESUSCI study. The neurological outcome was

evaluated with cerebral performance category (CPC) scores at 12 months

after OHCA. The living patients were telephoned by an experienced neu-

rologist blinded to treatment in the ICU and the aetiology of the OHCA.

CPC was assessed based on a structured interview. Patients with missing

CPC scores at 12 months were included in the fever incidence calcula-

tions but excluded from further outcome analysis.

2.2 | Temperature data and outcomes

The temperature data were examined for coherence, and clearly

faulty temperature measurements were excluded from the analysis.
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No specific temperature measurement frequency or fever management

protocol was applied. Core temperatures were measured with rectal

or bladder probes. We defined fever as the occurrence of tempera-

tures exceeding 37.7�C up to 72 h after ICU admission.1,4,11 The a

priori-decided resuscitation factors of witnessed cardiac arrest

(yes/no), initial rhythm (shockable/non-shockable), ROSC delay and

bystander cardiopulmonary resuscitation (CPR) were compared

between the patients with and without fever.

The primary outcome was favourable functional outcome, which

we defined as a CPC of 1 or 2 at 12 months. The association of the

duration, timing, and magnitude of fever with functional outcome was

studied with time and area, defined as time spent over the threshold

multiplied by the difference between the threshold and measured

values. We studied temperature thresholds in increments of 0.5�C

from 37�C to 40�C. Analyses were performed separately for the first

24, 48 and 72 h from ICU admission to adjust for the timing of the

fever. In addition, the incidence of sepsis, pneumonia and clinically

reported infections was compared between the groups with and with-

out fever. Additionally, we compared the characteristics of favourable

and unfavourable functional outcome groups.

We further investigated the effect of the mean temperature of

the first 48 h using binary logistic regression by modelling the temper-

ature with restricted cubic splines, a statistical method for transform-

ing the variable to allow nonlinear relationships towards the outcome

while ensuring smooth and stable estimates. We show the effect of

the mean temperature in the unadjusted model and when adjusted

with acute physiology and chronic health evaluation (APACHE) with-

out temperature, sequential organ failure assessment (SOFA) and

non-shockable rhythm.

2.3 | Statistical analyses

We assessed continuous variables for normality with the Shapiro–

Wilk test. As all the data were non-normally distributed, we compared

them using the Mann–Whitney U test. Data is presented as medians

with interquartile ranges (IQR) and we included the mean and maxi-

mum values in the threshold analysis. Categorical data was compared

with the chi-square test and we present them as numbers and per-

centages. We developed multivariable binary logistic regression

models to study whether the a priori-decided resuscitation factors

were associated with fever. These variables were selected based on

previous evidence. A second binary logistic regression analysis was

conducted to determine the association of fever with functional out-

come at 12 months; this model included the same factors as in the a

priori-defined mortality model (i.e. witnessed arrest, initial rhythm,

ROSC delay and bystander CPR).

We visualised temperatures using scatterplots with locally

weighted scatterplot smoothed (loess) curves separately for the

patients with favourable and unfavourable functional outcomes. We

considered a p value <.05 as significant. The statistical analyses were

conducted with IBM SPSS Statistics for Windows, Version 28.0 (IBM

Corporation, Armonk, NY, USA) and R: A language and environment

for statistical computing, Version 4.2.2 and 4.3.1. (R Foundation for

Statistical Computing, Vienna, Austria).

3 | RESULTS

3.1 | Study population

A total of 504 patients were included in the original FINNRESUSCI

study (Figure S1). Of these patients, 192 were not treated with TTM

and were included in this study. The differences between patients

included in this study and the original FINNRESUSCI study are

described in Table S1. A total of 67,428 temperature measurements

at the ICU from the first 72 h of admission were included in the study

(i.e. a median of 17 [IQR 5–488] measurements per patient). Of the

192 patients, data on long-term outcomes were missing for seven

patients; therefore, 185 patients were included in the functional out-

come assessments. Of these patients, 51 had favourable functional

outcome and 134 had unfavourable functional outcome at 12 months.

The initial rhythms of the patients not selected for TTM treatment

and the analysis of the general characteristics of the whole patient

population have been published previously.8

3.2 | Fever incidence

Of the 192 patients included, 89 (46%) experienced fever of over

37.7�C within 72 h of ICU admission. High temperatures of

over 38.5�C, 39�C, 39.5�C and 40�C were experienced by 23 (12%),

11 (6%), 5 (3%) and 2 (1%) patients, respectively. A total of 57 patients

had initially shockable rhythms, and most did not experience fever

(41 [72%] vs. 16 [28%], p < .01). The patients who experienced

fever had a younger median age (63 [IQR 51–75] vs. 69 [IQR 59–78]

years, p = .01) and less hypertension (25 [28%] vs. 42 [41%],

p = .046) and chronic renal failure (2 [2%] vs. 9 [9%], p = .048) in their

medical histories. In addition, the patients who experienced fever

had a longer median ROSC delay (20 [IQR 10–30 min] vs. 14 [IQR

9–22 min], p = .02) and were less commonly awake at ICU arrival

(12 [13%] vs. 29 [28%], p = .01). The length of ICU stay was longer for

the febrile patients (41 [IQR 24–64] vs. 25 [IQR 15–70] h). Of

the 192 patients included, 124 (65%) were in the ICU at 24 h, 66 (34%)

at 48 h and 42 (22%) at 72 h following admission. Of the discharged

patients 50 (74%) had died at 24 h, 66 (52%) at 48 h and 79 (53%) at

72 h following ICU admission. The patients' demographic characteristics,

resuscitation factors and ICU treatments are compared in Table 1.

The only factor that was significantly associated with fever was non-

shockable rhythm, both in univariable analysis (OR 3.02, 95% CI 1.54–5.89,

p = .01) and in multivariable analysis (OR 2.45, 95% CI 1.15–5.21, p = .02)

(Table 2). The results did not change in a sensitivity analysis of the patients

who were alive at 72 h after admission.; these results are presented in

Table S2. In a second sensitivity analysis of patients who were still in the

ICU at 24 h after admission none of the tested factors were significantly

associated with fever.; these results are presented in Table S3.
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The incidence of sepsis (4 [4%] vs. 6 [6%], p = .68), pneumonia

(27 [30%] vs. 22 [21%], p = .16) or any reported infection (27 [30%]

vs. 28 [27%], p = .63) did not differ between the patients who experienced

fever and those who did not. However, the patients with fever had higher

median c-reactive protein (CRP) concentration in plasma within the first

72 h of ICU admission (86 [IQR 43–134] vs. 49 [IQR 17–95], p = .001)

and higher median white blood cell (WBC) count (14.5 [IQR 11.4–17.4]

vs. 11.4 [IQR 9.1–16.4]) within the first 72 h of ICU admission.

3.3 | Temperature threshold analysis

The median times spent over all the studied thresholds were com-

parable across both functional outcome groups. This result

remained when considering separately the first 24, 48 and 72 h

after ICU admission. The results of the time over thresholds

analysis are presented in Table 3. Including the magnitude in

addition to the length in minutes, the minutes � degrees over

TABLE 1 Demographic characteristics and resuscitation factors.

Variable All patients (n = 192)

Fever

experienced (n = 89)

No fever

experienced (n = 103) p

Patient characteristics

Age (years), median (IQR) 67 (54–77) 63 (51–75) 69 (59–78) .01

Male, n (%) 131 (68) 67 (75) 64 (62) .31

Hypertension, n (%) 67 (35) 25 (28) 42 (41) .046

Coronary artery disease, n (%) 58 (30) 26 (29) 32 (31) .69

Diabetes, n (%) 38 (20) 15 (17) 23 (22) .30

Heart failure, n (%) 31 (16) 18 (20) 13 (13) .18

Chronic renal failure, n (%) 11 (6) 2 (2) 9 (9) .048

SAPS II, 24 h median (IQR) 59 (47–71) 60 (52–66) 59 (41–76) .91

APACHE II, median (IQR) 30 (24–36) 31 (25–34) 29 (21–38) .52

SOFA, median (IQR) 9 (7–11) 9 (7–10) 9 (6–12) .76

Resuscitation

Bystander CPR, n (%) 77 (40) 34 (38) 43 (42) .89

Witnessed arrest, n (%) 168 (88) 78 (88) 90 (87) .85

Shockable rhythm, n (%) 57 (30) 16 (18) 41 (40) <.01

Non-shockable rhythm, n (%) 135 (70) 73 (82) 62 (60) <.01

ROSC delay (min), median (IQR)a 15 (10–25) 20 (10–30) 14 (9–22) .02

Awake at ICU arrival, n (%) 41 (21) 12 (13) 29 (28) .01

Treatment during ICU stay

Sedation length (h), median (IQR) 16 (9–24) 18 (11–33) 14 (7–21) .10

Coronary angiography, n (%) 20 (10) 9 (10) 11 (11) .85

PCI, n (%) 8 (4) 2 (2) 6 (6) .20

Renal replacement therapy, n (%) 6 (3) 3 (3) 3 (3) .88

Infection

Pneumonia, n (%) 49 (26) 27 (30) 22 (26) .16

Sepsis, n (%) 10 (5) 4 (4) 6 (6) .68

Any infection, n (%) 55 (29) 27 (30) 28 (27) .63

Outcome

ICU LOS (h), median (IQR) 35 (18–66) 41 (24–64) 25 (15–70) .01

ICU mortality, n (%) 57 (30) 24 (27) 33 (32) .44

Hospital mortality, n (%) 106 (55) 54 (61) 52 (50) .16

1-year mortality, n (%)b 129 (70) 66 (65) 63 (75) .09

1-year CPC 1–2, n (%)b 51 (28) 20 (23) 31 (32) .19

1-year CPC 3–5, n (%)b 134 (72) 67 (77) 67 (68) .19

Abbreviations: APACHE, acute physiology and chronic health evaluation II score; CPR, cardiopulmonary resuscitation; ICU, intensive care unit; IQR,

interquartile range; PCI, percutaneous coronary intervention; ROSC, return of spontaneous circulation; SOFA, sequential organ failure assessment.
aData missing for one patient.
bData missing for 7 patients.
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thresholds results were also comparable in both functional out-

come groups (Table S4). No identifiable level of fever was clearly

associated with functional outcome in either of the threshold

analyses.

3.4 | Outcomes

We found no statistically significant difference in the incidence/

occurrence of fever between the functional outcome groups;

TABLE 2 Logistic regression model predicting the odds of fever within 72 h of ICU admission.

Independent variable

ORa in univariable analysis

in all patients (95% CI) p

AIC of reduced

model

ORa in multivariable analysis

in all patients (95% CI) p

AIC of

reduced model

Witnessed arrest 1.02 (0.43–2.42) .68 11.2 1.24 (0.50–3.06) .65 202.9

Non-shockable rhythm 3.02 (1.54–5.89) .01 22.9 2.45 (1.15–5.21) .02 208.2

ROSC delay (min) 1.00 (0.99–1.01) .73 114.0 1.00 (0.98–1.01) .90 202.7

Bystander CPR 0.86 (0.48–1.54) .62 12.2 0.93 (0.51–1.70) .81 202.7

Awake at ICU arrival 0.40 (0.19–0.84) .02 17.8 0.60 (0.25–1.41) .24 204.1

Abbreviations: CA, cardiac arrest; CI, Confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio; ROSC, return of spontaneous circulation.
aA higher OR represents a higher probability for fever within 72 h of ICU admission.

TABLE 3 Threshold comparison results.

Threshold n All patients (n = 192)**
CPC 1–2 at
12 months (n = 51)

CPC 3–5 at
12 months (n = 134) p

Minutes spent over threshold,

median (IQR)/mean (max.)

within 24 h of ICU arrival

CPC1-2/CPC3-5

37�C 36/80 263 (0–776)/419 (1438) 262 (0–748)/428 (1425) 256 (0–779)/414 (1437) .72

37.5�C 23/59 0 (0–278)/254 (1349) 0 (0–258)/203 (1349) 0 (0–547)/276 (1310) .23

38�C 12/33 */119 (1204) */91 (1202) 0 (0–39)/134 (1204) .35

38.5�C 6/17 */47 (1099) */21 (901) */60 (1099) .47

39�C 2/9 */17 (740) */3 (106) */23 (740) .42

39.5�C 0/5 */6 (740) */0 (0) */9 (740) .16

40�C 0/2 */2 (350) */0 (0) */4 (350) .38

Minutes spent over threshold, median (IQR)/mean (max.) within 48 h of ICU arrival

37�C 42/91 571 (0–1353)/783 (2850) 720 (25–1645)/945 (2850) 501 (0–1260)/723 (2646) .10

37.5�C 29/73 111 (0–712)/464 (2774) 78 (0–720)/506 (2774) 206 (0–737)/454 (2625) .95

38�C 16/43 0 (0–215)/228 (2565) 0 (0–327)/246 (1845) 0 (0–200)/231 (2565) .93

38.5�C 11/23 */91 (1710) */60 (900) */107 (1710) .81

39�C 5/12 */25 (975) */11 (285) */32 (975) .65

39.5�C 0/7 */11 (750) */0 (0) */16 (750) .10

40�C 0/3 */3 (350) */0 (0) */5 (350) .28

Minutes spent over threshold, median (IQR)/mean (max) within 72 h of ICU arrival

37�C 42/91 624 (0–1610)/950 (4200) 920 (25–1963)/1112 (4200) 551 (0–1511)/892 (4080) .20

37.5�C 29/73 250 (0–851)/554 (4065) 78 (0–720)/600 (3662) 272 (0–893)/547 (4065) .76

38�C 16/43 0 (0–235)/277 (3810) 0 (0–356)/292 (2590) 0 (0–239)/283 (3810) .69

38.5�C 11/23 */107 (2310) */64 (901) */129 (2310) .89

39�C 5/12 */29 (975) */12 (285) */37 (975) .82

39.5�C 0/7 */11 (750) */0 (0) */16 (750) .10

40�C 0/3 */3 (0–350) */0 (0) */5 (350) .28

Note: * = 0 (0–0); **CPC missing from 7 patients.

Abbreviations: CPC, cerebral performance category; ICU, intensive care unit; IQR, interquartile range.
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20 patients (39%) experienced fever in the favourable outcome group

and 67 patients (50%) in the unfavourable functional outcome

group (p = .19). However, the length of ICU stay was longer for the

febrile patients (41 [IQR 24–64] vs. 25 [IQR 15–70] h), p = .01. Although

statistically not significant, non-febrile patients had more commonly

favourable functional outcomes (31 [32%] vs. 20 [23%], p = .19).

In the binary logistic regression model, fever was not significantly

associated with functional favourable outcome at 12 months (OR

0.65, 95% CI 0.34–1.24, p = .19). In the univariate analysis, initial

shockable rhythm (OR 3.82, 95% CI 2.05–7.12, p < .01) and shorter

ROSC delay in minutes (OR 0.97, 95% CI 0.95–1.00, p = .04) were

significantly associated with favourable functional outcome. In a mul-

tivariable binary logistic regression model that included fever, initial

rhythm, witnessed OHCA, ROSC delay and bystander CPR, only initial

shockable rhythm was associated with favourable functional outcome

at 12 months (OR 5.64, 95% CI 2.65–12.01, p < .01), while fever

remained statistically non-significant (OR 0.90, 95% CI 0.44–1.84,

p = .77). A sensitivity analysis was conducted with all 7 patients miss-

ing with data for functional outcome dead and alive, but results

remained unchanged. The regression model results are presented in

Table 4 and log odds for mean and maximum temperature predicting

favourable functional outcome are modelled in Figure 2. Furthermore,

maximum temperature within 72 h of ICU admission was not associ-

ated with favourable functional outcome in a binary logistic regression

model (OR 1.11, 95% CI 0.89–1.39, p = .36). We conducted a sensi-

tivity analysis of the patients who were still in the ICU after 24 h of

admission, and the results remained unchanged. In another sensitivity

analysis that excluded all patients awake at the ICU arrival, the initially

shockable rhythm was not associated with favourable functional out-

come (OR 1.81, 95% CI 0.66–4.94, p = .25) while other results

remained unchanged. The results of the above-mentioned analysis are

presented in Table S5. When awake patients were excluded from the

functional outcome analysis, the initial shockable rhythm was no lon-

ger significantly associated with favourable functional outcome (OR

1.81, 95% CI 0.66–4.94, p = .25), but other results remained

unchanged (Table S6). Patients with unfavourable functional out-

comes had lower SAPS II, APACHE II, and SOFA scores, delayed

ROSC, and more initially non-shockable rhythms. In the group with

favourable outcomes, angiography or PCI was performed more com-

monly, but there were no significant differences in infections or medi-

cal history between the two groups (Table S7).

All the measured temperatures of the included patients are pre-

sented in scatterplots with loess smoothed trend lines in Figure 1.

Median and IQR of temperatures for first 72 h from ICU admission

are presented separately for favourable and unfavourable functional

outcome groups in Figures S1 and S2. As the statistical analysis also

showed, the temperature trends remained comparable in both the

favourable and unfavourable functional outcome groups.

The effect of mean and max temperatures on outcome was

tested using binary logistic regression by modelling the tempera-

ture using restricted cubic splines to allow for a non-linear effect.

We conducted separate models adjusting for APACHE score, initial

rhythm and SOFA score, and the results are shown in Figure 2A,B.

The association of mean and max temperatures with outcome

tended to form U-shaped curves in all the models. While compar-

ing the models with the temperature to models without it using

likelihood ratio tests, adding temperature to the models improved

them in all cases (p < .05) apart from mean temperature and

APACHE score. However, when patients who died at the ICU were

excluded, the U-shape vanished, and the inclusion of temperature

did not significantly improve the model. The results are presented

in Figure S4.

4 | DISCUSSION

In this post hoc analysis of the FINNRESUSCI study,8 we studied the

incidence of fever, factors associated with the risk of developing fever

and the association of fever with functional outcome in a selected

population of ICU-treated OHCA patients who were not treated with

TTM. Half of the patients developed fever (≥37.8�C) during the first

72 h of ICU admission. In most cases fever was mild, and tempera-

tures above 39�C were uncommon. Fever was more commonly found

in younger patients, in those with no history of hypertension or

chronic renal failure and in those with an initially non-shockable

rhythm. No association between fever and functional outcome at

12 months was found even though the point estimated suggested

harm from fever. No specific threshold for fever was found to be sig-

nificantly associated with functional outcome at 24, 48 or 72 h from

ICU admission.

Fever is common in critically ill patients, with incidence varying in

different populations. In ICU patients, the incidence ranges from 26%

TABLE 4 Logistic regression model

predicting the favourable functional
outcome at 12 months.

Independent variable
ORa in univariate
analysis (95% CI) p

ORa in multivariate
analysis (95% CI) p

Fever >37.7�C 0.65 (0.34–1.24) .19 0.90 (0.44–1.84) .77

Witnessed arrest 0.91 (0.36–2.35) .85 0.56 (0.20–1.60) .28

Bystander CPR 1.12 (0.61–2.03) .72 0.73 (0.35–1.51) .73

Shockable rhythm 3.82 (2.05–7.12) <.01 5.64 (2.65–12.01) <.01

ROSC delay (min) 0.97 (0.95–1.00) .04 0.99 (0.98–1.01) .65

Abbreviations: CI, Confidence interval; CPR, cardiopulmonary resuscitation; OR, odds ratio; ROSC, return

of spontaneous circulation.
aA higher odds ratio (OR) represents a higher probability for favourable functional outcome at 12 months.
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F IGURE 1 Loess smoothed temperature
scatterplot for (A) favourable functional outcome
patients and (B) unfavourable functional outcome
patients.

F IGURE 2 Log odds values for mean (A) and maximum (B) temperature predicting unfavourable functional outcome (CPC 3–5) at 12 months,
univariate model and adjusted for the APACHE score, initial rhythm, and the SOFA score.
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to 70%.12 In a large study with over 100,000 patients, Saxena et al.

reported peak temperature incidences of 38.0�C–38.4�C in 15%,

38.5�C–38.9�C in 7%, 39.0�C–39.4�C in 3%, 39.5�C–39.9�C in 1%

and ≥40.0�C in <1% of patients with traumatic brain injury or

stroke.13 Our findings on the incidence of fever after cardiac arrest in

patients not treated with TTM appear comparable. These data indi-

cate that mild fever is common but high fever much less so.6,7,12,14–19

However, we acknowledge that the cardiac arrest population may dif-

fer from the general ICU population.

Previously, two theories for fever after OHCA have been put for-

ward. One possible cause is that fever is related to a concomitant bac-

terial infection. Gaussorgues et al.20 and Gueugniaud et al.21 found

that two or more blood cultures positive for infection within 12 h

after resuscitation increased the likelihood of fever. Moreover, fever

after OHCA could be a physiologic result of ischaemic injury and due

to systemic inflammatory response.7,16,22,23 This theory also seems

plausible, as studies have shown elevated inflammatory markers after

OHCA without clinically identified infections.7,18

Whether fever impacts outcome is a complex question and likely

relates to both the underlying illness and the reason for the fever.

Young et al. found that in ICU patients, fever in patients without

infections was associated with increased in-hospital mortality, and

fever in patients with infections was associated with decreased in-

hospital mortality.24 The association between fever and outcomes

vary in different populations.13,25 In a study by Langhelle and col-

leagues a median temperature of 37.8�C was found in a study of over

400 patients and temperatures above this were associated with mor-

tality.26 Some previous studies before the TTM era did not find asso-

ciation between fever and functional outcome.27–29 In the current

study, the strongest predictor of fever was a non-shockable initial

rhythm. This supports the possibility that fever may be the result of

ischaemic injury, as an initially non-shockable rhythm is a factor for

unfavourable functional outcome.30

Previous studies have shown associations between fever and

unfavourable functional outcome for patients treated in the

ICU.7,19,31–33 In 2002, Zeiner and colleagues, in a study including

151 patients not treated with TH, found that a maximum temperature

>37�C increased the risk of unfavourable functional outcome. In their

study, a lower minimum temperature within 4 h and a higher maxi-

mum temperature within 48 h of ROSC were associated with unfa-

vourable functional oucome.7 We were unable to replicate these

findings but acknowledge that the sample size and non-invasive treat-

ment methods for fever (i.e. paracetamol and/or uncovering of the

patient's body) may have impacted our results, and as seen in

Figures S2 and S3, there was a slight trend towards lower tempera-

tures in unfavourable functional outcome patients for first hours from

ICU admission.

Whether treating fever improves outcome is unknown. Fever as a

protective mechanism in sepsis has been indicated, and it appears that

spontaneous normothermia or mild hypothermia may be an ominous

sign.31,32,34,35 A recent meta-analysis by Holgersson and colleagues

concluded that fever therapy does not seem to affect mortality, and

does not have serious adverse events.36 The effects of commonly

used antipyretics, such as nonsteroidal anti-inflammatories (NSAID)

and paracetamol, on fever and functional outcome seem to be modest

or non-existent, whereas NSAIDs are associated with increased bleed-

ing risks and renal toxicity, and paracetamol in high doses can cause

liver toxicity.25,37,38 Furthermore, a recent study by Hassager and col-

leagues showed that prolonged device-based prevention of fever for

72 h did not improve the functional outcome compared to 36-h treat-

ment.39 However, a large trial by Lascarrou and colleagues concluded

that TTM was associated with favourable functional outcomes com-

pared with targeted normothermia.40 Nevertheless, recent studies do

not show a clear consensus of the effects of TTM on functional out-

come.1–4,7,40

Our findings should be interpreted keeping in mind some

strengths and limitations. Our study sample included a substantial

amount of temperature data collected from multiple centres from a

real-life setting. We had extensive data on factors at resuscitation,

and long-term outcome was determined prospectively by a person

unaware of the ICU treatment. We do, however, recognise some lim-

itations. First, the sample size was limited, and some patients may

have died or been discharged from the ICU before fever could

have occurred. Second, we did not have data on what means were

used to non-invasively treat fever, such as antipyretics, and, if so,

what types were given.10 Third, the means and frequencies of tem-

perature measurements varied between treatment centres, and we

do not have temperature data after transfers to non-ICU wards.

Fourth, this dataset is more than a decade old, and it is possible that

ICU treatment practices have changed. Fifth, Given the low likeli-

hood of high fever, our sample size may be too small to identify

associationsselc between high fever and patient outcome. Sixth, it is

likely that our patient sample included patients perceived to have

either too good or too poor prognoses, which was why TTM target-

ing 33�C was not used. There was no nationally used specific proto-

col bundle for post-arrest care at the time, but commonly treatment

was based on available literature. Seventh, no statistical correction

for multiple testing was used due to the exploratory nature of the

study. Finally, this cohort of patients is selected as the guidelines at

the time of the original study mainly recommended TTM for uncon-

scious patients with an initial shockable rhythm. In addition, the

aetiology of cardiac arrest may differ from general OHCA patients

and thus this population may not be representative of cardiac arrest

patients treated in the ICU.

5 | CONCLUSIONS

Half of OHCA patients not treated with TTM developed fever. In

most cases, fever was mild, and very high fever was uncommon. Fever

was more common in patients with a non-shockable initial rhythm.

Although fever timing, duration and magnitude were not associated

with patient outcome, the point estimate suggested an association

between fever and unfavourable outcome.

8 HOLM ET AL.



AUTHOR CONTRIBUTIONS

AH, MR and MSK designed this post-hoc study. MR, JK, JV, MT, TV

planned and conducted the original FINNRESUSCI study. AH, MSK

and ML prepared a statistical analysis plan that was approved by all

authors. AH and ML conducted the statistical analysis. AH and MSK

prepared a first draft of the paper. All authors critically reviewed the

draft and approved the final version.

FUNDING INFORMATION

This study was funded by grants from the Academy of Finland (Grant

number 341277), Sigrid Juselius Stiftelse 2022–2024, Medicinska

Understödsföreningen Liv och Hälsa 2021–2022, Finska Läkaresälls-

kapet 2022 and Svenska Kulturfonden.

CONFLICT OF INTEREST STATEMENT

Markus Skrifvars reports speaker fees in 2021 and 2022 from BARD

Medical. All other authors report no conflicts of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on rea-

sonable request from the corresponding author. The data are not pub-

licly available due to privacy or ethical restrictions.

ORCID

Aki Holm https://orcid.org/0009-0007-4743-2838

Johanna Hästbacka https://orcid.org/0000-0002-3613-7231

Markus B. Skrifvars https://orcid.org/0000-0002-0341-0262

REFERENCES

1. Nolan J, Sandroni C, Böttiger BW, et al. European resuscitation

council and European Society of Intensive Care Medicine Guidelines

2021: post-resuscitation care. Resuscitation. 2021;161:161220-

161269.

2. Hypothermia after Cardiac Arrest Study Group. Mild therapeutic

hypothermia to improve the neurologic outcome after cardiac arrest.

N Engl J Med. 2002;346:549-556.

3. Bernard SA, Gray TW, Buist MD, et al. Treatment of comatose survi-

vors of out-of-hospital cardiac arrest with induced hypothermia. N

Engl J Med. 2002;21(346):557-563.

4. Dankiewicz J, Cronberg T, Lilja G, et al. Hypothermia versus Normo-

thermia after out-of-hospital cardiac arrest. N Engl J Med. 2021;

17(384):2283-2294.

5. Greer DM, Funk SE, Reaven NL, Ouzounelli M, Uman GC. Impact of

fever on outcome in patients with stroke and neurologic injury: a

comprehensive meta-analysis. Stroke. 2008;39:3029-3035.

6. Takasu A, Saitoh D, Kaneko N, Sakamoto T, Okada Y. Hyperthermia: is it

an ominous sign after cardiac arrest? Resuscitation. 2001;49:273-277.

7. Zeiner A, Holzer M, Sterz F, et al. Hyperthermia after cardiac arrest is

associated with an unfavorable neurologic outcome. Arch Intern Med.

2001;10(161):2007-2012.

8. Vaahersalo J, Hiltunen P, Tiainen M, et al. Therapeutic hypothermia

after out-of-hospital cardiac arrest in Finnish intensive care units: the

FINNRESUSCI study. Intensive Care Med. 2013;39:826-837.

9. Perttilä J, Hovilehto S, Ala-Kokko T, Pettilä V, Ruokonen E. Elvytetyn

viilennyshoito. Tehohoito-opas: Kustannus Oy Duodecim. Duodecim;

2010.

10. Nolan JP, Soar J, Zideman DA, et al. European resuscitation council

guidelines for resuscitation 2010. Resuscitation. 2010;81:1219-1276.

11. Obermeyer Z, Samra JK, Mullainathan S. Individual differences in nor-

mal body temperature: longitudinal big data analysis of patient

records. BMJ. 2017;13(359):j5468.

12. Niven DJ, Léger C, Stelfox HT, Laupland KB. Fever in the critically ill:

a review of epidemiology, immunology, and management. J Intensive

Care Med. 2012;27:290-297.

13. Saxena M, Young P, Pilcher D, et al. Early temperature and mortality

in critically ill patients with acute neurological diseases: trauma and

stroke differ from infection. Intensive Care Med. 2015;41:823-832.

14. Takino M, Okada Y. Hyperthermia following cardiopulmonary resusci-

tation. Intensive Care Med. 1991;17:419-420.

15. Gebhardt K, Guyette FX, Doshi AA, Callaway CW, Rittenberger JC.

Post cardiac arrest service. Prevalence and effect of fever on out-

come following resuscitation from cardiac arrest. Resuscitation. 2013;

84:1062-1067.

16. Winters SA, Wolf KH, Kettinger SA, Seif EK, Jones JS, Bacon-

Baguley T. Assessment of risk factors for post-rewarming "rebound
hyperthermia" in cardiac arrest patients undergoing therapeutic hypo-

thermia. Resuscitation. 2013;84:1245-1249.

17. Leary M, Grossestreuer AV, Iannacone S, et al. Pyrexia and neurologic

outcomes after therapeutic hypothermia for cardiac arrest. Resuscita-

tion. 2013;84:1056-1061.

18. Holm A, Kirkegaard H, Taccone FS, et al. Factors associated with

rebound hyperthermia after targeted temperature management in

out-of-hospital cardiac arrest patients: an explorative substudy of the

time-differentiated therapeutic hypothermia in out-of-hospital car-

diac arrest survivors trial. Crit Care Explor. 2021;3:e0458.

19. Laupland KB, Shahpori R, Kirkpatrick AW, Ross T, Gregson DB,

Stelfox HT. Occurrence and outcome of fever in critically ill adults.

Crit Care Med. 2008;36:1531-1535.

20. Gaussorgues P, Gueugniaud PY, Vedrinne JM, Salord F, Mercatello A,

Robert D. Bacteremia following cardiac arrest and cardiopulmonary

resuscitation. Intensive Care Med. 1988;14:575-577.

21. Gueugniaud PY, Gaussorgues P. Mechanisms of hyperthermia follow-

ing CPR: a place for infection? Intensive Care Med. 1992;18:445.

22. Cocchi MN, Boone MD, Giberson B, et al. Fever after rewarming:

incidence of pyrexia in post-cardiac arrest patients who have under-

gone mild therapeutic hypothermia. J Intensive Care Med. 2014;29:

365-369.

23. Kohsaka S, Menon V, Lowe AM, et al. Systemic inflammatory

response syndrome after acute myocardial infarction complicated by

cardiogenic shock. Arch Intern Med. 2005;165:1643-1650.

24. Young PJ, Saxena M, Beasley R, et al. Early peak temperature and

mortality in critically ill patients with or without infection. Intensive

Care Med. 2012;38:437-444.

25. Evans EM, Doctor RJ, Gage BF, Hotchkiss RS, Fuller BM, Drewry AM.

The association of fever and antipyretic medication with outcomes in

mechanically ventilated patients: a cohort study. Shock. 2019;52:

152-159.

26. Langhelle A, Tyvold SS, Lexow K, Hapnes SA, Sunde K, Steen PA. In-

hospital factors associated with improved outcome after out-

of-hospital cardiac arrest. A comparison between four regions in

Norway. Resuscitation. 2003;56:247-263.

27. Nielsen N, Hovdenes J, Nilsson F, et al. Outcome, timing and adverse

events in therapeutic hypothermia after out-of-hospital cardiac

arrest. Acta Anaesthesiol Scand. 2009;53:926-934.

28. van der Wal G, Brinkman S, Bisschops LL, et al. Influence of mild ther-

apeutic hypothermia after cardiac arrest on hospital mortality. Crit

Care Med. 2011;39(84–8):8-88.
29. Nielsen N, Wetterslev J, Al-Subaie N, et al. Targettemperature man-

agement after out-of-hospital cardiac arrest—a randomized, parallel-

group, assessor-blinded clinical trial-rationale and design. Am Heart J.

2012;163:541-548.

30. Jacobs I, Nadkarni V, Bahr J, et al. Cardiac arrest and cardiopulmonary

resuscitation outcome reports: update and simplification of the

HOLM ET AL. 9

https://orcid.org/0009-0007-4743-2838
https://orcid.org/0009-0007-4743-2838
https://orcid.org/0000-0002-3613-7231
https://orcid.org/0000-0002-3613-7231
https://orcid.org/0000-0002-0341-0262
https://orcid.org/0000-0002-0341-0262


Utstein templates for resuscitation registries: a statement for health-

care professionals from a task force of the international liaison com-

mittee on resuscitation (American Heart Association, European

resuscitation council, Australian resuscitation council, New Zealand

resuscitation council, Heart and Stroke Foundation of Canada, InterA-

merican Heart Foundation), Resuscitation Councils of Southern

Africa. Resuscitation. 2004;63:233-249.

31. Circiumaru B, Baldock G, Cohen J. A prospective study of fever in the

intensive care unit. Intensive Care Med. 1999;25:668-673.

32. Peres Bota D, Lopes Ferreira F, Mélot C, Vincent JL. Body tempera-

ture alterations in the critically ill. Intensive Care Med. 2004;30:

811-816.

33. Rincon F, Patel U, Schorr C, et al. Brain injury as a risk factor for fever

upon admission to the intensive care unit and association with in-

hospital case fatality: a matched cohort study. J Intensive Care Med.

2015;30:107-114.

34. Arons MM, Wheeler AP, Bernard GR, et al. Effects of ibuprofen on

the physiology and survival of hypothermic sepsis. Ibuprofen in Sepsis

Study Group Crit Care Med. 1999;27:699-707.

35. Clemmer TP, Fisher CJ Jr, Bone RC, Slotman GJ, Metz CA,

Thomas FO. Hypothermia in the sepsis syndrome and clinical out-

come. The methylprednisolone severe sepsis study group. Crit Care

Med. 1992;20:1395-1401.

36. Holgersson J, Ceric A, Sethi N, Nielsen N, Jakobsen JC. Fever therapy

in febrile adults: systematic review with meta-analyses and trial

sequential analyses. BMJ. 2022;12(378):e069620.

37. Saxena MK, Taylor C, Billot L, et al. The effect of paracetamol on core

body temperature in acute traumatic brain injury: a randomized, con-

trolled clinical trial. PloS One. 2015;10:e0144740.

38. Boyle M, Hundy S, Torda TA. Paracetamol administration is associ-

ated with hypotension in the critically ill. Aust Crit Care. 1997;10:

120-122.

39. Hassager C, Schmidt H, Møller JE, et al. Duration of device-based

fever prevention after cardiac arrest. N Engl J Med. 2022;388:888-

897. doi:10.1056/NEJMoa2212528

40. Lascarrou J-B, Merdji H, Le Gouge A, et al. Targeted temperature

Management for Cardiac Arrest with nonshockable rhythm. N Engl J

Med. 2019;381:2327-2337.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Holm A, Reinikainen M, Kurola J, et al.

Factors associated with fever after cardiac arrest: A post-hoc

analysis of the FINNRESUSCI study. Acta Anaesthesiol Scand.

2024;1‐10. doi:10.1111/aas.14387

10 HOLM ET AL.

info:doi/10.1056/NEJMoa2212528
info:doi/10.1111/aas.14387

	Factors associated with fever after cardiac arrest: A post-hoc analysis of the FINNRESUSCI study
	1  INTRODUCTION
	2  METHODS
	2.1  Study population and setting
	2.2  Temperature data and outcomes
	2.3  Statistical analyses

	3  RESULTS
	3.1  Study population
	3.2  Fever incidence
	3.3  Temperature threshold analysis
	3.4  Outcomes

	4  DISCUSSION
	5  CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


