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Abstract

Background Feverisa common condition in intensive care unit (ICU) patients, with an incidence between 30

and 50% in non-neurological ICU patients and up to 70-90% in neurological ICU patients. We aim to perform system-
atic review and meta-analysis of current literature to assess impact of fever on neurological outcomes and mortality
of acute brain injury patients.

Methods We searched PubMed/Medline, Scopus and Embase databases following the recommendations of the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses statement, and we included both retrospective
and prospective observational studies, interventional studies, and randomized clinical trials that had data on body
temperature and fever during ICU admission. The primary endpoints were neurological outcome and mortality at any
time. Secondary outcomes included: early neurological deterioration, delayed cerebral ischemia (DCl, only for patients
with subarachnoid hemorrhage), large infarct or hemorrhage size, hemorrhagic transformation (only for patients

with ischemic stroke). This study was registered in PROSPERO (CRD42020155903).

Results 180 studies from 14692 records identified after the initial search were included in the final analysis, for a total
of 460,825 patients. Fever was associated with an increased probability of unfavorable neurological outcome (pooled
OR 2.37 [95% Cl 2.08-2.71], 1%:92%), death (pooled OR 1.31[95% Cl 1.28-1.34], 12:93%), neurological deterioration
(pooled OR 1.10 [95% Cl 1.05-1.15]), risk of DCI (pooled OR 1.96 [95% Cl 1.73-2.22]), large infarct size (pooled OR 2.94
[95% Cl 2.90-2.98]) and hemorrhagic transformation (pooled OR 1.63 [95% Cl 1.34-1.97]) and large hemorrhagic vol-
ume (pooled OR 2.38 [95% Cl 1.94-2.93]).

Conclusion Fever was associated with poor neurological outcomes and mortality in patients with acute brain injury.
Whether normothermia should be targeted in the management of all neuro critically ill patients warrants specific
research.
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Introduction

Fever is an innate response of the immune system,
led by pyrogenic cytokines, that causes an increment
in the body temperature and can have infective and
non-infective causes [1]. It is a common condition in
intensive care unit (ICU) patients, with an incidence
between 30 and 50% in non-neurological ICU patients,
and up to 70-90% in neurological-ICU patients [2—4].

It is known that fever has some potential protective
functions [5]. Despite this, fever shows detrimental
effects, especially in patients with non-infectious neu-
rologic injuries [6—8]. There are several mechanisms
proposed to explain this detrimental effect including
endothelial damage and consequent blood brain bar-
rier breakdown, which can cause cerebral edema and
increase in intracranial pressure; increase in metabolic
demand, potentially augmenting cerebral blood flow
and blood volume promoting cerebral edema; ischemic
reperfusion injury; release of excitotoxic neurotrans-
mitters, such as glutamate; neuro-inflammation and
apoptosis barrier [9-12].

Indeed, a comprehensive meta-analysis conducted
by Greer et al. [13] in 2008 showed that in acute brain
injury patients, fever was associated with poor out-
comes, such as increased ICU mortality, longer ICU
stay, and worse functional outcomes. Since then, there
has been an increased interest and published studies on
the role of temperature targeted management (TTM),
especially active normothermia, in the management
of acute non-anoxic brain injury patients [14-16]. A
recent systematic review without quantitative analysis,
which assessed the impact of fever and TTM in acute
brain injury patients excluding patients suffering from
post-anoxic encephalopathy, suggested that fever con-
trol may be beneficial in traumatic brain injury (TBI)
patients, but there is still a considerable lack of evi-
dence [17]. In the last 15 years, management of acute
brain injury patients has evolved, the prognosis of these
patients has somewhat improved [18—20]. Therefore,
an updated systematic review and meta-analysis is of
interest to summarize the current evidence regarding
the impact of fever on the neurological outcome and
mortality of patients with acute brain injury due to
stroke (all types) and TBI.

Methods

We adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guide-
lines [21]. The protocol of this study was registered
with the International Prospective Register of Systematic
Reviews (PROSPERO) and last edited on April 28th, 2020
(CRD42020155903).
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Data sources and study selection

We conducted a systematic review and meta-analyses
of both retrospective and prospective observational
studies, interventional studies and randomized clini-
cal trials. The PubMed/Medline, Scopus and Embase
databases were last searched on January 31st, 2024,
including publications of adult human studies without
date restriction. We used the PICO strategy to formu-
late our search as follows: Population adult patients
(i.e., age>18 years), admitted to the hospital due to
non-cardiac arrest acute brain injury including stroke
(ischemic, hemorrhagic), subarachnoid hemorrhage
and traumatic brain injury; Intervention: fever, as
defined by the authors of each study; Control: normo-
thermia; Outcome: primary outcomes were unfavora-
ble neurological outcome and mortality at any time
point as defined by the authors. The research strategy
with the string for each database is shown in the Sup-
plemental Electronic Material S1.

We considered the following criteria for study inclu-
sion: (1) full-length reports published in peer-reviewed
journals in English; (2) randomized clinical trial, inter-
ventional studies, observational cohorts, case control
studies of adult human patients; (3) studies that assessed
body temperature and reported the occurrence and defi-
nition of fever (e.g. when “hyperthermia” was used, this
was considered as “fever”); (4) studies that included
outcomes measures (i.e., mortality at any time point,
unfavorable neurological outcome at any time point;
neurological deterioration during hospitalization and
stroke progression) in acute brain injury patients. Stud-
ies conducted in hypoxic ischemic encephalopathy post
cardiac arrest patients, children, healthy volunteers, or in
animal models were excluded. We also excluded studies
that compared hypothermia to normothermia without
reporting the occurrence of fever. Editorials, commen-
taries, letters to editor, opinion articles, reviews, meet-
ing abstracts and case reports were also excluded. When
multiple publications of the same research group/center
described case series with potential overlap, the more
recent or larger publication, if eligible, was considered.

Four investigators (MS, EGB, MF, MT) performed the
study selection process, including the initial search for
the identification of references, the selection of poten-
tially relevant titles for review of abstracts and, among
them, of those chosen for review of the full-length
reports. All selections were decided by consensus.

Data extraction, synthesis and outcomes

Three investigators (MS, EGB, SF) independently
extracted information from the selected articles using a
standardized data collection system. The following data
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fields were collected (whenever available): study location,
period of enrollment, patient enrollment criteria, number
of patients enrolled, definition of fever/hyperthermia and
time of assessment, rates of mortality, unfavorable neuro-
logical outcome, neurological deterioration, delayed cere-
bral ischemia (DCI) and stroke progression (hemorrhagic
and ischemic). All selected studies were included in the
qualitative synthesis and their characteristics and results
summarized in a table. We also performed a quantitative
synthesis through a meta-analysis. The primary outcome
of the meta-analysis was the occurrence of unfavorable
neurological outcome and mortality at any time point. If
more than one time point for each study was available,
we used the longest follow-up time point.

Unfavorable neurological outcome could be defined by
Glasgow Outcome Scale [22], extended Glasgow outcome
scale (GOSE) [23], modified Rankin scale [24], Barthel
Index [25] or any functional scale chosen by the authors
of the original articles that could be dichotomized into
favorable and unfavorable neurological outcome. Sec-
ondary outcomes were early neurological deterioration
defined as a drop of 2 or more points in Glasgow coma
scale (GCS) [26] in patients with TBI and subarachnoid
hemorrhage (SAH) or more than 2—4 points increase in
the National Institute of Health stroke scale (NTHSS) [27]
in patients with acute ischemic stroke (AIS) or intracer-
ebral hemorrhage (ICH) in the first 24-72h; symptomatic
vasospasm/ DCI as defined by the original studies in
SAH patients; infarct size/progression and symptomatic
hemorrhagic transformation as defined by the authors of
the original studies in AIS patients; hematoma volume/
expansion in intracranial in ICH and whenever this was
collected. Pre-defined analyses were performed in sub-
groups of studies: (a) studies that included only TBI; (b)
studies that included only AIS; (c) studies that included
only ICH; (d) studies that included only SAH.

Risk of bias assessment and quality of evidence

To assess the methodological quality of the studies, we
used the Cochrane risk of bias tool (Risk of bias 2—RoB
2) [28] for studies designed as randomized clinical trials.
We considered RCT as having a low risk of bias if all 5
domains of the tool was classified as low risk; the RCT
was judged to have “some concerns” (moderate risk of
bias) if at least one domain was classified as some con-
cerns and no domains were classified as high risk of bias;
the study was considered as having high risk of bias if it
was classified as such in at least one domain or if it was
judged to have some concerns in multiple (>2) domains.
The Newcastle—Ottawa Quality Assessment Scale (NOS)
[29] was used to assess the quality of cohort and case
control studies and secondary or post hoc analyses of
randomized clinical trials. Observational studies were
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considered to have poor quality if 0 or 1 star in selec-
tion domain or, O stars in comparability domain or, 0
or 1 stars in outcome/exposure domain; fair quality if 2
stars in selection domain and 1 or 2 stars in comparabil-
ity domain and 2 or 3 stars in outcome/exposure domain
and, good quality if 3 or 4 stars in selection domain and
1 or 2 stars in comparability domain and 2 or 3 stars in
outcome/exposure domain.

This assessment was performed by two independent
reviewers (EGB and MS) and in case of discordant analy-
sis a third investigator (FST) made the final decision. We
only included articles that had a low or moderate risk of
bias. Studies with poor quality and high risk of bias were
not included in the quantitative synthesis. We deter-
mined the level of evidence using the GRADE classifica-
tion system [30].

Statistical analysis

We performed the meta-analysis using the random
effect inverse variance method. The results were pooled
together in a Forest Plot. We computed pooled odds
ratio (OR) with 95% confidence intervals (CI) for dicho-
tomic outcomes. We extracted the respective covariate
adjusted OR and 95% CI from each study. We also calcu-
lated unadjusted OR 95% CI in studies that did not report
multivariable analysis. Beta coefficients were exponenti-
ated to obtain the OR. If the study presented the results
as risk ratio (RR), we estimated the equivalent OR fol-
lowing the recommendations and formulas available
in the Cochrane Handbook [31]. If the study presented
hazard ratios (HR), we first estimated the RR and then
the OR [32]. Standard mean differences and correlation
coefficient r were also converted to logOR and then to
OR using previously described formulas [31, 33]. Stand-
ard errors of logOR, coefficient r and SMD were con-
verted into confidence intervals [31]. If data necessary to
obtain OR was unavailable in the published manuscript
and electronic supplementary material, we contacted
the authors and requested said data. Heterogeneity was
assessed by means of the I* statistic, which reflects the
amount of between-study heterogeneity over and above
the sampling variation and is robust to the number of
studies and choice of effect measure. We assessed the
potential of publication bias through funnel plot genera-
tion. We performed a meta-regression moderated for BT
used to define fever and time of endpoint in days for both
neurological outcome and mortality. We performed all
analyses using Review Manager version 5.4 and STATA
17.0.



Gouvéa Bogossian et al. Critical Care (2024) 28:367 Page 4 of 45

Identification of studies via databases and registers

)
_E Records identified from: Records removed before
‘g’ Databases (n = 14692) screening:
= - Pubmed (n= 10497) ——» Duplicate records removed
c - Embase (n=3343) (n = 2535)
5 - Scopus (n=852)
Records screened » | Records excluded
(n=12157) (n =11865)
Reports sought for retrieval > Reports not retrieved
= (n=292) (n=2)
k=
[«}]
e
: '
n
Reports assessed for eligibility Reports excluded: 111
(n =291) > Temperature measured only
in the brain (n = 16)
Outcome data unavailable (n
=47)
Only hypothermia (n =15)
Cardiac arrest patients
— included (n= 33)
M
o
L Studies included in review
= (n =180)
(8]
=

Fig. 1 Flow diagram of the systematic review and meta-analysis
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Addis et al 2022 0.47 0.2398 1.2% 1.60 [1.00, 2.56] ”ﬁ
Alexandronov et al 2018 1.8795 0.3286 1.0% 6.55 [3.44, 12.47] -
Alonso-Alonso et al 2023 0.6575 0.0558 1.4% 1.93[1.73, 2.15] -
Bao et al 2014 0.0935 0.0321  1.4% 1.10 [1.03, 1.17]
Barrow et al 2022 0.0907 0.1666 1.3% 1.09 [0.79, 1.52] T

Bill et al 2013
Blanco et al 2006
Blanco et al 2012
Bogossian et al 2020
Bonds et al 2015

0.8671
0.0392
0.708
0.967
2.2279

0.2893 1.1%
0.4274 0.9%
0.1183 1.3%
0.2968 1.1%
0.7095 0.5%

2.38[1.35, 4.20]
1.04 [0.45, 2.40]
2.03 [1.61, 2.56]
2.63 [1.47, 4.71]
9.28 [2.31, 37.28]

Boysen et al 2001 -0.0408 0.398 0.9% 0.96 [0.44, 2.09] -1
Burkot et al 2015 1.7918 0.2913 1.1% 6.00 [3.39, 10.62] -
Campos et al 2013 1.9769 0.4297 0.9% 7.22 [3.11, 16.76] -

Castellanos et al 2005

2.1353

1.0502 0.3%

8.46 [1.08, 66.26]

Castillo et al 1998 0.571 0.1575 1.3% 1.77 [1.30, 2.41] -
Chen et al 2021 0.9555 0.3306 1.0% 2.60[1.36, 4.97] -
Chen Y et al 2022 2.5541 0.8565 0.4% 12.86 [2.40, 68.91]

Cheung et al 2003 2.1163 1.0797 0.3% 8.30[1.00, 68.89]

Cisse et al 2022 1.203 0.5293 0.7% 3.33[1.18,9.40] I
Dehkharghani et al 2017 1.1725 0.5782 0.7% 3.23[1.04, 10.03] I
den Hertog et al 2009 0.1823 0.0879 1.3% 1.20[1.01, 1.43] r
Derbisz et al 2021 -1.2379 0.7252 0.5% 0.29[0.07, 1.20] -1
Diprose et al 2020 0.3365 0.2254 1.2% 1.40[0.90, 2.18] ™
Dzierzecki et al 2022 1.075 0.2458 1.2% 2.93[1.81, 4.74] -
Eagles et al 2020 0.4511 0.2151 1.2% 1.57[1.03, 2.39] ~

EIf et al 2008 14702 03034  1.1%  4.35[2.40, 7.88] ——
Ferguson et al 2007 05933 0.1131  1.3%  1.81[1.45,2.26] -
Fernandez et al 2007 1.9286 0.5864 0.7% 6.88 [2.18, 21.71] e
Fu etal 2021 1537 008 13%  4.65[3.98,5.44] -
Fukuda et al 1999 3.69 0.1547  1.3% 40.04 [29.57, 54.23] -
Geffroy et al 2004 12726 03218  1.0%  3.57[1.90,6.71]

Georgilis et al 1999 17951 01935  1.2%  6.02 [4.12, 8.80]

Geurts et al 2016 03148 0.0592  1.4%  1.37[1.22,1.54]

Grau et al 1999 1361 0.6014  0.7%  3.90 [1.20, 12.68]

Guo et al 2022 1.3604 0.1573 1.3% 3.90 [2.86, 5.31]

Guth et al 2013 05878 0.2799  1.1%  1.80[1.04,3.12]

He Lee et al 2022 0.4187 0.3275 1.0% 1.52[0.80, 2.89]

Hifumi et al 2020

0.71

0.3247 1.0%

2.03[1.08, 3.84]

Hindfelt et al 1976 1.5623 1.0578  0.3%  4.77 [0.60, 37.92]
Hinson et al 2018 1.5933 0.5046  0.8%  4.92 [1.83,13.23]
Honig et al 2015 3.0856 1.0508  0.3% 21.88[2.79, 171.59]
Huang J H et al 2022 2.9837 1.0568  0.3% 19.76 [2.49, 156.80]
Huang X et al 2022 0.6167 0.1388  1.3%  1.85[1.41,2.43]
Hulscher et al 2022 -0.0305 0.582  0.7%  0.97[0.31,3.03]
Iglesias-Rey et al 2018 0.4574 0.1446  1.3%  1.58[1.19,2.10]
Iglesias-Rey et al 2022 1.2878 0.1388  1.3%  3.62[2.76,4.76]
Jacome et Tatum 2018 1.0647 1.0107  0.3%  2.90[0.40, 21.02]

Jeong et al 2016
Jiang et al 2002
Jorgensen et al 2001

1.8916
0.2776
0.7885

0.3259 1.0%
0.1468 1.3%
0.3537 1.0%

6.63 [3.50, 12.56]
1.32(0.99, 1.76]
2.20 [1.10, 4.40]

Karaszewski et al 2012 1.2413 0.6928 0.6% 3.46 [0.89, 13.45]
Kim et Saver 2015 -0.2744 0.1936 1.2% 0.76 [0.52, 1.11]
Kramer et al 2017 0.8224 0.1856 1.2% 2.28[1.58,3.27]
Kvistad et al 2014 -0.8675 0.3785 1.0% 0.42[0.20, 0.88]

Lai et al 2019 0.7419 0.4988 0.8% 2.10[0.79, 5.58]
Lee et al 2022 -0.1744 0.3299 1.0% 0.84 [0.44, 1.60]
Leira et al 2006 1.9257 0.3068 1.1% 6.86 [3.76, 12.52]
Lietal 2011 1.6506 0.2044 1.2% 5.21[3.49,7.78]
Li et Jiang 2012 0.7227 0.1071 1.3% 2.06 [1.67, 2.54]
Liu et al 2022 -0.9163 1.8821 0.1% 0.40 [0.01, 16.00]
Luo et al 2022 1.5994 0.2675 1.1% 4.95 [2.93, 8.36]

Malavera et al 2021
Middleton et al 2019
Millan et al 2008
Muehlschlegel et al 2013
Muscari et al 2022

0.1906
0.7561

0.94
0.3365
0.3784

0.4612 0.8%
0.1334 1.3%
0.3909 0.9%
0.3537 1.0%
0.2468 1.2%

1.21[0.49, 2.99]
2.13[1.64, 2.77)
2.56 [1.19, 5.51]
1.40 [0.70, 2.80]
1.46 [0.90, 2.37]

Naess et al 2010 -0.5621 0.2069 1.2% 0.57[0.38, 0.86]
Oliveira et al 2001 2.1872 0.4976 0.8% 8.91[3.36, 23.63]
Park et al 2018 1.1053 0.2962 1.1% 3.02 [1.69, 5.40]
Pegoli et al 2015 0.707 0.2128 1.2% 2.03[1.34,3.08]
Phipps et al 2011 0.9933 0.267 1.1% 2.70[1.60, 4.56]
Reith et al 1996 0.7885 0.2306 1.2% 2.20[1.40, 3.46]
Rincon et al 2013 0.8544 0.1867 1.2% 2.35[1.63, 3.39]

Rosengart et al 2007
Saini et al 2009
Schirmer-Mikalsen et al 2013
Schwarz et al 2000

Seo et Oh 2009

0.5068
0.3646
0.5423
1.1119
0.4121

0.0943 1.3%
0.0601 1.4%
0.3305 1.0%
0.3437 1.0%
0.0725 1.3%

1.66 [1.38, 2.00]
1.44[1.28, 1.62]
1.72[0.90, 3.29]
3.04 [1.55, 5.96]
1.51[1.31, 1.74]

Springer et al 2009 0.9933 0.4137 0.9% 2.70[1.20, 6.07]
Stosser et al 2021 1.0886 0.2173 1.2% 2.97 [1.94, 4.55]
Suehiro et al 2016 3.4532 1.2013 0.3% 31.60 [3.00, 332.85]
Suzuki et al 1995 0.6627 0.6918 0.6% 1.94[0.50, 7.53]
Swor et al 2019 1.7579 0.4094 0.9% 5.80 [2.60, 12.94]

Szczudlik et al 2002
Szczudlik et al 2003
Tanaka et al 2019
Tiainem et al 2013
Todd et al 2009
Tseng et al 2023
Ueno et al 2018

1.1817
0.0862
-0.2744
0.8416
0.3716
1.7716
1.0225

0.5684 0.7%
0.5944 0.7%
0.4104 0.9%
0.2157 1.2%
0.1095 1.3%
0.8151 0.5%
0.5166 0.8%

3.26 [1.07, 9.93]
1.09 [0.34, 3.49]
0.76 [0.34, 1.70]
2.32[1.52,3.54]
1.45 [1.17, 1.80]
5.88 [1.19, 29.05]
2.78[1.01, 7.65]

Vallée et al 2022 -0.3567 0.3117 1.1% 0.70[0.38, 1.29] -

Vapalhti et al 1971 3.2133 0.872 0.4% 24.86 [4.50, 137.33] I
Volbers et al 2018 1.0886 0.2583 1.1% 2.97[1.79, 4.93] -
Wartenberg et al 2006 0.6931 0.305 1.1% 2.00[1.10, 3.64] —

Weimar et al 2002 1.2149 0.1565 1.3% 3.37[2.48,4.58] -

Weimer et al 2017 4.3215 1.1332 0.3% 75.30[8.17, 694.04]

Wettervik et al 2021 0.1823 0.6744 0.6% 1.20[0.32, 4.50] i

Wettervik et al 2023 -0.1744 0.3537 1.0% 0.84[0.42, 1.68] -
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Test for overall effect: Z = 12.72 (P < 0.00001)
Fig. 2 Fixed effects meta-analysis assessing the impact of fever/hyperthermia on neurological outcome at any time point compared
to normothermia. Fever was associated with increased chance of unfavorable neurological outcome (pooled OR 1.72 (95% CI 1.67-1.78). Panel A
Forest plot. Panel B Funnel plot
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Fig. 3 Fixed effects meta-analysis assessing the impact of fever/hyperthermia on mortality at any time point compared to normothermia in acute
brain injury patients. Fever was associated with increased chance of death (pooled OR 1.72 (95% Cl 1.67-1.78). Panel A Forest plot. Panel B Funnel
plot
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Results

Study selection

A total of 180 studies from 14,692 records identified
after the initial search were included in the final analy-
sis (Fig. 1), resulting in 460,846 studied patients. Nine
studies did not report or provide data for the calculation
of the prevalence of fever; the remaining 171 included
259,231 patients, of which 80,984 experienced fever (e.g.
prevalence of 18%).

Study characteristics

The characteristics of the selected studies are summa-
rized in Table 1. We identified 1 RCTs, 22 observational
prospective studies, and 157 retrospective studies. The
risk of bias for the RCT was some concern, as shown in
Supplementary Table S1. For cohort, case—control stud-
ies and post hoc or secondary analysis of RCT, the risk
of bias was moderate in 142 studies and low in 15 studies
(Supplementary Table S2). The level of evidence assessed
by the GRADE scale was moderate in the RCT (Supple-
mental Table S1). The observational studies were graded
in their majority as low quality of evidence (155/179,
87%), 2 (1%) were very low quality of evidence, and 22
(12%) had moderate quality of evidence (Supplemental
Table S2).

Neurological outcome at any time point

We identified 109 studies that reported neurological out-
come according to the presence of fever, of which 104
were included in the meta-analysis with fever as a dichot-
omous variable. Four studies [34—37] were not included
because they were from the same group with overlap
of patients, while one study reported no association
between admission body temperature and outcome but
did not provide with sufficient data to be included in the
meta-analysis [38]. Fever was independently associated
with poor neurological outcome with a pooled OR of
2.37 (95% CI 2.08-2.71), as shown in Fig. 2A. The funnel
plots to assess the risk of publication bias are presented
in Fig. 2B, which shows an asymmetry toward the publi-
cation of positive studies. Heterogeneity was high among
the included studies.

The burden of fever was reported in 15 studies. How-
ever, one study that reported an association between
longer duration of fever and poor outcome did not pro-
vide enough data to allow meta-analysis calculations [39].
The pooled OR of the remaining 14 studies was 1.44 (95%
CI 1.26-1.65), indicating that for each increase in 1 point
in the fever burden there was an expected increase of
44% in the probability of poor outcome, as shown in the
Supplemental Fig. S1.

In TBI patients, the presence of fever was indepen-
dently associated with unfavorable neurological outcome
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(pooled OR 2.03; 95% CI 1.57-2.63), as it was in SAH
patients (pooled OR 2.3; 95% CI 1.85-2.99), in AIS
patients (pooled OR 2.75, 95% CI 2.08-3.64), in ICH
patients (pooled OR 2.81; 95% CI 2.01-3.94) and in a
mixed population of stroke patients (pooled OR 2.45;
95% CI 1.80-3.30), as shown in the Supplementary Fig-
ure S2.

Mortality at any time point

Specific data on mortality was reported in 87 stud-
ies, of which 84 were included in the meta-analysis.
One study [40] was not included because it was from
the same group with overlap of patients. One study
reported an association between a longer duration of
fever and mortality but did not provide enough data to
allow meta-analysis calculations [39]. One study reported
no association between elevated body temperature and
mortality, but did not provide numeric data to be meta-
analyzed [41]. Fever was independently associated with
an increased risk of mortality with a pooled OR of 2.50
(95% CI 2.15-2.92), as shown in Fig. 3A. The funnel plot
(Fig. 3B) analysis showed an asymmetry towards the
publication of positive studies. Heterogeneity was high
among the included studies.

The presence of fever was independently associated
with mortality in TBI patients (pooled OR 1.88; 95%
CI 1.23-2.89), in SAH patients (pooled OR 4.58; 95%
CI 1.61-13.01), in AIS patients (pooled OR 2.71; 95%
CI 2.20-3.35), in ICH patients (pooled OR 2.81; 95%
CI 2.01-3.94), in a mixed population of stroke patients
(pooled OR 2.20; 95% CI 1.52-3.75) and in a mixed popu-
lation of neurocritical care patients (pooled OR 2.35; 95%
CI1.21-4.57), as shown in the Supplementary Figure S3.

Secondary outcomes

Fever was associated with an increased probability of
early neurological deterioration (pooled OR 2.96; 95%
CI 1.59-2.94) in acute brain injury patients, as shown in
the Supplemental Figure S4. In SAH patients, fever was
also associated with an increased risk of symptomatic
vasospasm/DCI (pooled OR 2.57; 95% CI 1.83-3.61);
in AIS patients, fever was associated with large infarct
size (pooled OR 2.50; 95% CI 1.75-3.57) and with hem-
orrhagic transformation (pooled OR 1.75; 95% CI
1.21-2.54); in ICH patients, fever was associated with
hematoma expansion (pooled OR 2.45; 95% CI 1.83—
3.29), as presented in Supplemental Figure S5.

Meta regression

The shorter the follow-up time the more significant
was the association between fever and neurological
outcome (log OR —0.0011175, 95% CI —0.0021813 to
—0.0000537—Supplemental Figure S6A) was observed.
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The higher the BT threshold used to define fever the
more significant association between fever and neuro-
logical outcome (log OR 0.565981, 95% CI 0.2562389 to
0.8757231—Supplemental Figure S6B) was observed.
The moderator effect remained when both variables
were included in the model (follow-up time: log OR
—0.0011487, 95% CI —0.0021817 to —0.0001156;
BT threshold: log OR 0.5674159, 95% CI 0.2625423—
0.8722895). However, heterogeneity remained high
(I’=93%).

Neither follow-up time (log OR —0.000279, 95%
CI -0.0010043 to 0.0004463—Supplemental Figure
S7A) nor the BT threshold (log OR 0.2400004, 95% CI
—0.197733 to 0.6777338—Supplemental Figure S7B)
moderated the effect between fever and mortality.
The inclusion of both moderators in the model did not
impact the association between fever and mortality (fol-
low-up time: log OR —0.0002072, 95% CI —0.0009532
to 0.0005387; BT threshold: log OR 0.215909, 95% CI
—0.2333637 to 0.6651816).

Discussion
This systematic review and meta-analysis investigated the
impact of fever on the neurological outcome and mortal-
ity in acute brain injury patients. We found that fever was
independently associated with unfavorable neurologi-
cal outcome and mortality in neurocritical care patients,
including those with TBI, SAH and stroke. Moreover,
fever was also associated with an increased risk of neu-
rological deterioration, stroke progression, hemorrhagic
transformation and occurrence of DCL

In 2008, Greer et al. [13] published an extensive meta-
analysis of 44 studies including 14,431 patients, showing
a significant association between fever and poor out-
comes (e.g. unfavorable neurological outcome, mortal-
ity, ICU and hospital length of stay) in acute brain injury
patients. Sixteen years later, we performed this system-
atic review and meta-analysis of 180 studies including
460,846 patients, a considerably larger sample size which
further reinforced the importance of fever as a poten-
tial contributor to secondary brain injury. Importantly,
there were only few patients suffering from subarach-
noid hemorrhage in the original meta-analysis; in the
present study, we provided a significant amount of data
also on the association of fever and outcome in this sub-
group of patients. We also explored the impact of fever
on the occurrence of complications that occurred dur-
ing the hospital course, such as delayed cerebral ischemia
in subarachnoid hemorrhage, neurological deteriora-
tion in acute brain injury patients, stroke progression
in ischemic and hemorrhagic stroke, including increase
in infarct size and hemorrhage volume. All these events
could contribute to further worsen the outcome of brain
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injured patients and had not been previously explored by
Greer et al. [13].

In our study, the pooled prevalence of fever was 18%
which is lower than reported in some studies [2-4].
Older studies tended to have higher prevalence of fever
compared to more recent ones. This may be explained
due to the advances in temperature control methods,
including physical methods with controlled tempera-
ture-feedback [42] and improvements in hospital infec-
tion control [43]. Additionally, studies that measured BT
on admission presented with lower prevalences of fever
compared to those who measured on day 8 or during
ICU stay. In fact, the length of stay influences the preva-
lence of fever, as shown in a study conducted in a neuro-
ICU that reported a prevalence of fever of 15% in patients
who stayed in the ICU less than 24 h, but in 93% of those
who remained longer than 14 days [44].

Fever is an important cause of secondary brain injury,
causing direct cytotoxic damage and indirectly promot-
ing neuronal dysfunction [45] by increasing systemic and
neuroinflammation mechanisms of secondary injury,
which leads to leucocyte recruitment and activation
of the coagulation cascade, excitotoxicity, free radical
production, and blood-brain barrier dysfunction with
increasing permeability and cerebral edema [46-50].
Fever also increases cerebral blood flow [51] and meta-
bolic demand which may lead to an imbalance between
oxygen delivery and consumption and ICP elevation in an
already injured brain [9, 52, 53]. Interestingly, this nega-
tive impact of fever seems to be less relevant in patients
with primary CNS infection [6], where it may provide
some neuroprotective actions [54] and temperature con-
trol may be less restrictive. Moreover, body temperature
is a commonly used clinical marker to assess response to
antimicrobial treatment in CNS infection [55].

Fever may have different etiologies in ABI patients
including infection, drug related fever, thromboembolism
and neurogenic fever. Acute brain injury can trigger sys-
temic immune-suppression, leaving patients vulnerable
to hospital acquired infections [56]. These patients are
often comatose or sedated under mechanical ventilation,
requiring central venous catheters for hemodynamic
monitoring and administration of pharmacological thera-
pies, commonly develop dysphagia requiring nasogas-
tric tubes for feeding, and external ventricular drains for
cerebral spinal fluid diversion and ICP monitoring, all of
which considerably increases the risk of infection [57],
in particular following stroke and TBI [58—60]. Moreo-
ver, neurogenic fever is common in neuro-critically ill
patients accounting for 28-50% of fever etiology [44,
61-63]. Importantly neurogenic fever is usually resistent
to pharmacological therapy and require more advanced
methods ot temperature management [64]. Identifying



Gouvéa Bogossian et al. Critical Care (2024) 28:367

and treating the cause of fever is imperative because of
the consequences of failing to identify a treatable con-
dition such as infection and sepsis; conversely, failing
to identify a non infectious etiology of fever can least to
antibiotic overuse, adverse events related to antibiotic
use and selection of multi drug resistant organisms [65].

In this study we also performed meta-regression analy-
sis, which has yielded interesting results. We found that
the higher the threshold used to define fever, the greater
the probability of a poor outcome. This finding may guide
the design of future interventional studies and assist
clinicians in making decisions about when and how to
intervene. Unfortunately, there is no commonly agreed
threshold to start fever control measures and, practices
vary greatly among specialized centers [66]. Based on the
results of the meta-regression for neurological outcome,
a general target of body temperature above 38 °C seems
reasonable to initiate therapies. However, ideal body
temperature targets may differ depending on the clini-
cal severity, etiology of brain injury and the brain physi-
ology [10] and should be individualized. Patients with
severe brain injury may benefit from maintaining strict
normothermia (e.g. core BT of 37 °C) [67] through the
use of advanced temperature management devices with
closed loop feedback, while patients with mild to mod-
erate brain injury may tolerate higher BT without sig-
nificant detrimental to brain function [10]. In this setting
multimodal neuromonitoring may help titrate body tem-
perature according to brain physiology by assessing the
variation of brain hemodynamics, ICP, brain tissue oxy-
genation, electroencephalogram in response to different
BT thresholds, thus tailoring temperature management
to patient’s specific clinical status. Additionally, low body
temperature and spontaneous hypothermia is also asso-
ciated with poor outcome in acute brain injury patients
[68-71]. This apparent U-shaped effect of spontaneous
BT on outcome may suggest TTM as a potential strat-
egy for prevention of secondary brain injury; however,
whether normothermia should be actively targeted in
the management of all brain-injured critically ill patients
remains unknown.

When considering TTM, brain temperature is the ideal
target for neuroprotection; indeed, brain temperature is
usually higher than BT and is influenced by brain meta-
bolic activity [72]. However, brain temperature is not
easily available in all centers, while body temperature is
routinely measured and shows an important associa-
tion with poor outcomes, as suggested in this study. In
this meta-analysis, the definition of fever included both
peripheral and core BT. Of note, core BT is preferred
over peripheral BT since it is closer to the actual brain
temperature [73-75]. Additionally, BT should be meas-
ured continuously to allow adequate management and

Page 37 of 45

prevention of secondary brain injury [76], which was not
the case in most of the studies included in this review.

Another important aspect when performing tempera-
ture control is choosing the adequate method to rapidly
decrease body temperature within targets. Non-pharma-
cological interventions to control fever (e.g. surface cool-
ing using of cold water or air and/or intravascular devices,
both with automated temperature feedback control) [77,
78] are more effective than basic passive strategies (e.g.
cold packs, cold air). This has been shown in a recently
published randomized clinical trial [67[ including stroke
patients, reporting that automated surface cooling
devices with closed loop feedback targeting strict normo-
thermia successfully reduced the burden of fever com-
pared to standard of care, which consisted of the a tiered
approach initiated by the detection of fever (BT >38 °C)
and including the use of use of antipyretic agents, basic
external cooling strategies (ice packs, tepid baths, fans),
cooling blankets or advanced cooling strategies. Of
note, the reduction in fever burden did not improve out-
comes at 6 months; however, the study was underpow-
ered to detect such changes. Regarding TBI patients,
the European Society of Intensive Care Medicine [15]
recommends to target an initial core BT of below 38 °C;
however, in patients with intracranial hypertension, this
target could be lower (e.g. 36.0-37.5 °C) and, in the event
of refractory intracranial hypertension, physicians could
consider mild hypothermia (e.g. 35.0-36.0 °C). Despite
lack of high grade level evidence temperature manage-
ment is an available and effective strategy in our toolbox
to control intracranial hypertension crisis and reverse
brain tissue hypoxia [79, 80] although the impact on out-
come remains to be elucidated.

Another important finding of the meta-regression
analysis is that the association between fever and out-
come was more consistent in short to middle term fol-
low up time, specially between 90 and 180 days. In this
meta-analysis fever was often assessed at admission or in
the first week of ICU stay in the acute and subacute phase
of brain injury, when the brain is especially vulnerable to
secondary injury and the more significant is the impact
on outcome. Importantly, neurological recovery is often a
long-term process with considerable improvement in the
setting of adequate rehabilitation and post ICU care [15,
81-83] which may explain our results.

Finally, we did not include patients with hypoxic
ischemic injury due to cardiac arrest. The physiopa-
thology of brain injury in these patients involves global
ischemia (primary) and reperfusion injuries (second-
ary) which trigger neuroinflammation with possible
advent of fever [84]. In fact, in this group of patients,
fever is a marker of severity of ischemic—reperfusion
injury and an important factor associated with poor
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outcome [85]. TTM targeting both hypothermia and
strict normothermia have been extensively studied [86]
and, currently, the International Liaison Committee on
Resuscitation (ILCOR) recommends active prevention
of fever for>72 h by targeting a temperature <37.5 °C
[87] in survivors of cardiac arrest. Interestingly,
with the advent of reperfusion techniques including
thrombolysis and endovascular thrombectomy, acute
ischemic stroke patients often experience reperfusion
injury which causes oxidative stress, leukocyte infiltra-
tion, mitochondrial dysfunction, platelet activation and
aggregation, complement activation, and blood—brain-
barrier (BBB) disruption leading to brain edema or
hemorrhagic transformation potentially causing signifi-
cant neuron death and poor neurological outcome [88].
Moreover, SAH patients may also experience transient
brain circulatory arrest and hypoperfusion due to the
rapid increase in ICP following extravasation of blood
into the subarachnoid space, followed by reperfusion
and becoming susceptible to ischemic reperfusion
injury which is one of the mechanisms of early brain
injury [89]. Ischemic reperfusion injury causes neuro-
inflammation which contributes to the high prevalence
of fever in stroke patients.

This study has some limitations. To include a maxi-
mum number of studies possible we chose as primary
endpoints neurological outcome and mortality at any
time point which led to high heterogeneity of the time
of assessment varying from 7 days up to 5 years fol-
low up. Similarly, we included studies with any defini-
tion of fever, that varied from>36.95 °C to>40 °C. The
meta-regression demonstrated that both follow-up time
and BT threshold used to define fever were moderators
of the effect of fever on neurological outcome, but het-
erogeneity remained high. In fact, other factors regard-
ing temperature assessment and management differed
considerably among studies and were not included in
the meta-regression explaining the persistently high het-
erogeneity in this meta-analysis. For example, studies
had highly variable frequency of temperature measure-
ments (intermittent, continuous) which could have influ-
enced the recording of the duration and the number of
episodes of fever. Studies used different sites of BT and
core BT measurements (e.g. tympanic, axillary, bladder,
esophageal, rectal, forehead), which could lead to a dif-
ference in measurement of at least 1 °C. The assessment
and definition of fever burden also diverged among stud-
ies and included number of days with fever, time in hours
spent above a certain threshold, fever intensity and fever
duration. Moreover, fever management strategies were
frequently not reported and those that were described
varied greatly. Additionally, several studies included a
mixed population of acute brain injury with different
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pathophysiology. However, to minimize this bias we
performed subgroup analysis for each pathology. Also,
despite only including studies with low or moderate risk
of bias, the quality of evidence of the studies assessed by
GRADE was usually low to moderate, which can limit the
clinical impact of this meta-analysis. There was overall
bias of publication towards articles that showed the posi-
tive association between fever and outcomes. We also did
not compare different causes of fever such as infectious
and non-infectious fever.

Conclusions

Fever was associated with an increased risk of unfa-
vorable neurological outcome and reduced survival in
acute brain injured patients. Fever management should
be regarded as an important aspect of high-quality care
for these patients; further research is essential to deter-
mine the most appropriate temperature target manage-
ment strategies in the different populations of acute brain
injury.
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