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Abstract

Background: High body temperatures after ischemic stroke have been associated with larger infarct size, but the
temporal profile of this relation is unknown. We assess the relation between temporal profile of body temperature
and infarct size and functional outcome in patients with acute ischemic stroke.

Methods: In 419 patients with acute ischemic stroke we assessed the relation between body temperature on
admission and during the first 3 days with both infarct size and functional outcome. Infarct size was measured
in milliliters on CT or MRI after 3 days. Poor functional outcome was defined as a modified Rankin Scale score
≥3 at 3 months.

Results: Body temperature on admission was not associated with infarct size or poor outcome in adjusted
analyses. By contrast, each additional 1.0 °C in body temperature on day 1 was associated with 0.31 ml larger
infarct size (95% confidence interval (CI) 0.04–0.59), on day 2 with 1.13 ml larger infarct size(95% CI, 0.83–1.43),
and on day 3 with 0.80 ml larger infarct size (95% CI, 0.48–1.12), in adjusted linear regression analyses. Higher
peak body temperatures on days two and three were also associated with poor outcome (adjusted relative
risks per additional 1.0 °C in body temperature, 1.52 (95% CI, 1.17–1.99) and 1.47 (95% CI, 1.22–1.77),
respectively).

Conclusions: Higher peak body temperatures during the first days after ischemic stroke, rather than on admission, are
associated with larger infarct size and poor functional outcome. This suggests that prevention of high temperatures
may improve outcome if continued for at least 3 days.
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Background
Acute ischemic stroke is a devastating disease, leaving
more than half of patients with a poor functional outcome
[1]. High body temperatures in the early stage after ische-
mic stroke have consistently been associated with poor
functional outcome [2–13]. Preclinical studies suggest that
hyperthermia increases metabolic demands, release of
neurotransmitters, free-radical production and breakdown

of the blood–brain barrier after cerebral ischemia, hereby
increasing cell death and infarct volume [14].
The association between body temperature and infarct

size in patients with ischemic stroke is however still
controversial, mainly when it comes to the temporal
profile of this association. Two studies did not find a
relation with body temperatures on admission [4] or
after 6–12 h [15]. One study did show an association
between infarct size and body temperature on admission,
[11] and two between infarct size and body temperature
at 24 h [3, 6]. Temperature assessment in all studies was
limited to the first 24 h after stroke onset.
The temporal profile of the association between body

temperature and functional outcome or death also show
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inconsistent results. Several studies have suggested that
this is limited to body temperatures on admission or
during the first day, [3, 5, 6, 10, 11, 13] whereas others
have found that this relation persists for up to one week
[2, 7–9, 12]. These inconsistencies may be attributed to
differences in study designs and populations, [8] for
example related to the time of admission, [13] the
definition of a poor outcome outcome, [11] and selec-
tion of patient populations [3, 10].
In this study, we assessed the temporal profile of the

relation between body temperatures during the first
three days after ischemic stroke and infarct size and
functional outcome.

Methods
This is a substudy of the Dutch acute STroke study
(DUST). Patients older than 18 years were included
between May 2009 and August 2013 if they had
symptoms suspected to be caused by ischemic stroke.
Inclusion criteria were symptom duration <9 h, and
National Institutes of Health Stroke Scale (NIHSS) ≥2,
or ≥1 if intravenous thrombolysis with recombinant
tissue type plasminogen activator (IV-rtPA) was indi-
cated. Patients were not eligible if another diagnosis
on non contrast CT (NCCT) such as intracranial
hemorrhage explained the symptoms. Patients with an
unknown onset time were included if the elapsed time
between the time they were last seen without symp-
toms and imaging was <9 h [16].
We selected patients enrolled at the five of 14 DUST

study centers that had included over 100 patients.
Tympanic or rectal temperatures over the first 72 h after
stroke onset were retrospectively collected from patients’
charts by one single investigator (FEVS), who was blinded
for outcome measures. For each patient, we recorded the
mean body temperature and the peak body temperature
(highest body temperature) on days one to three after
admission. Body temperature on admission was defined as
the first recorded body temperature within six hours after
admission; day one as the first 24 h after stoke onset, day
two as 24 to 48 h, and day three as 48 to 72 h after stroke
onset. Patients were included if at least one body
temperature was recorded.
Infarct size was measured three (± two) days after

symptom onset. The default follow-up imaging modality
was non contrast CT (NCCT) after 3 days or at the time
of clinical deterioration or earlier discharge. Follow-up
MRI was used if this had been performed for clinical
reasons instead of NCCT. Infarct volume was obtained
by manually delineating the hypodense infarcted area(s)
on axial NCCT slices and hyper-intense area(s) on axial
DWI slices on MRI. The surface of these area(s) was
subsequently multiplied by the slice thickness to obtain
the infarct volume [16]. Patients with no visible infarct

on follow-up scan were included in the analyses with an
infarct volume of 0 ml. Functional outcome was mea-
sured with the modified Rankin Scale (mRS) at 90 days
by a trained research nurse or neurologist. Poor out-
come was defined as mRS ≥3.
The primary outcome measure was infarct volume (ml)

at 3 days. The relation between each additional 1.0 °C in
body temperature and infarct size was calculated by
means of linear regression, and the relation between body
temperatures and functional outcome with Poisson
regression analysis with a robust error. The relation was
expressed as regression coefficient (B) or relative risk (RR)
with corresponding 95% confidence interval (CI), re-
spectively. We adjusted for age, sex, previous stroke,
hypertension, diabetes mellitus, current smoking, treat-
ment with intravenous alteplase, intra-arterial treatment,
and National Institutes of Health Stroke Scale (NIHSS)
score on admission, with backward stepwise regression
with 0.10 alpha levels of removal. Potential confounders
were selected on basis of known associations with the out-
come. We considered a p-value ≤0.05 significant.

Results
Of 1393 patients included in DUST, 696 were included
in the five selected centers. We included 419 of these pa-
tients for the present study, after excluding 173 patients
without follow-up imaging, 66 without a recorded body
temperature available and 38 with an other diagnosis
than ischemic stroke (Fig. 1).
The mean age of the patients was 66 years (SD 13);

256 (61%) were male. Additional patient characteristics
are presented in Table 1. Follow-up imaging was per-
formed with CT (95%) or MRI (5%). Patients without
follow-up imaging were older (70 vs 66 years, p = 0.001),
were more often men, and had a higher median NIHSS
score on admission (7 vs 6, p = 0.02; Table 1).
At follow-up, median infarct volume was 1.5 ml

(range, 0–500 ml) in the total study population of 419
patients. There were 131 (31%) patients without a visible
infarct on follow up imaging, i.e. an infarct volume of
0 ml. The mean body temperatures during the first 3
days are presented in Fig. 2.
A total number of 406 patients had at least one body

temperature recorded at day one, 376 patients at day
two, and 308 patients at day three. The mean peak body
temperature on day one was 37.3 °C (SD 0.8), on day
two 37.3 °C (SD 0.6), and on day three 37.1 °C (SD 0.5;
Fig. 1). Mean and peak body temperatures were higher
at days one, two and three than on admission (p < 0.001
for all days).
Higher peak body temperatures on days one, two and

three after stroke onset were associated with larger
infarct size. In adjusted linear regression analyses, each
additional 1.0 °C in body temperature on day 1 was
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associated with 0.31 ml larger infarct size (95% CI, 0.04–
0.59), on day 2 with 1.13 ml larger infarct size (95% CI,
0.83–1.43), and on day 3 with 0.80 ml larger infarct size
(95% CI, 0.48–1.12) (Fig. 3, Table 2). Peak body tempera-
tures on days two and three were also associated with a
poor outcome (Fig. 4, Table 2). With every additional
1.0 °C in peak body temperature on days two and three,
the risk of a poor outcome was 52% (95% CI, 17–99%)
and 47% (95% CI, 22–77%) larger, respectively. Body
temperature on admission was neither related to infarct
size nor to functional outcome. Mean body tempera-
tures at days one, two and three were, after adjustment,
neither associated with infarct size nor with poor func-
tional outcome.

Subgroup analyses
In a post-hoc subgroup analysis of 288 patients with
a visible infarct on follow-up imaging, median infarct
volume was 9.6 ml (range, 0.2–500). Results were
essentially the same (Table 3). In a post-hoc subgroup
analysis of 398 patients with CT as follow-up imaging
modality, results were essentially the same (data not
shown).

Discussion
This study shows that in patients with acute ischemic
stroke, higher peak body temperatures on days one, two
and three after stroke onset are associated with larger in-
farct size. Peak body temperatures on days two and three
were also associated with poor functional outcome after
3 months. Body temperature at admission was neither
related to infarct size nor to functional outcome.
This is the first study that assesses the temporal profile

of the association between body temperature and infarct
size in the first days after stroke.

Fig. 1 Flow of patients through this study

Table 1 Patient characteristics

Included
patients
(n = 419)

Patients without
follow-up imaging
(n = 173)

p-value

Age (years) 66 (13) 70 (15) 0.001

Men 256 (61) 84 (49) 0.01

Body temperature
on admission (°C)

36.7 (0.6) 36.7 (0.8) 0.94

NIHSS on admission 6 (10) 7 (10) 0.02

Hypertension 206 (49) 102 (59) 0.25

Diabetes mellitus 65 (16) 23 (13) 0.49

Current smoking 122 (29) 38 (22) 0.39

Previous stroke 88 (21) 43 (25) 0.38

TOAST 0.66

Large-artery
atherosclerosis

130 (31) 51 (30)

Cardioembolism 79 (19) 33 (19)

Small vessel
disease

49 (12) 16 (9)

Other 24 (6) 4 (9)

Unknown 137 (32) 58 (33)

Posterior circulation
stroke

14 (3) 2 (3) 0.67

Treatment with
intravenous alteplase

249 (59) 112 (65) 0.29

Intra-arterial
treatment

26 (6) 11 (6) 0.94

Poor outcome
(mRS ≥3)

144 (34) 71 (41) 0.11

Data are n (%), median (range), median (interquartile range (IQR)) or mean
(standard deviation (SD)) where appropriate. NIHSS, National Institutes of
Health Stroke Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment
classification; mRS, modified Rankin Scale
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High body temperature after stroke may be the result of
infections, which are frequent and have also been associ-
ated with poor functional outcome. However, no source of
infection could be found in almost half of the hyperther-
mic patients in a previous study [8]. Fever could also be
the result of an inflammatory response of the body to the
infarcted tissue. Additionally, in the first days after stroke
temperature-dependent processes which lead to increased
extracellular edema, infarct swelling, and restricted
capillary flow in the ischemic tissue, can increase ische-
mic damage [8]. Although increased body temperature
is often thought to be a reflection of extensive cerebral
damage, we found an association between increased
body temperature and poor functional outcome that
was independent of baseline stroke severity.

If the relation between higher body temperatures and
larger infarct volumes and poor functional outcome is at
least partially causal, our findings suggest that a reduc-
tion in body temperature up to 3 days after stroke may
reduce infarct size and improve functional outcome. In a
post-hoc subgroup analysis of the randomized Paraceta-
mol (Acetaminophen) In Stroke (PAIS) trial, treatment
with paracetamol for 3 days was associated with an
improvement in functional outcome at 3 months in
patients with a baseline body temperature of 37.0 °C or
above, [17] supporting the causal relationship between
body temperature and functional outcome.
Our study has limitations. First, we had to exclude 173

patients because of lack of follow-up scans, and of the
remaining patients we excluded 10% without any

Fig. 2 Course of body temperatures in the first 3 days after stroke onset

Fig. 3 Relation between infarct size and peak body temperature
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recorded temperature. Up to 27% of included patients
did not have temperature measurements on one of the 3
days. We used tympanic and rectal temperatures inter-
changeably, whereas values may differ between those
methods. In addition, patients in our study may have
been treated with antipyretics, which could have affected
temperature measurements and would underestimate
the number of patients with high body temperatures.
However, by assessing the peak body temperatures
rather than mean temperatures, we aimed to assess body
temperatures before administration of antipyretics. This
may also explain our finding that mean body tempera-
tures were not related to infarct size or functional out-
comes. Of the included patients, one third had no visible
infarct on follow-up CT. One could argue that these
patients did not suffer from cerebral ischemia. However,
in subgroup analysis including patients with a visible
infarct results were essentially the same. We included
patients without a visible infarct on follow-up imaging in

this substudy to ensure the association we assess applies
to all patients with the clinical diagnosis of stroke,
including the small strokes and patients that recover
completely. Infarct size was measured on either CT or
MRI. As the default follow-up modality was CT, it is
possible that some smaller infarcts were not detected.
However, in subgroup analysis including only patients
with CT as follow-up modality, results were essentially
the same.
With a median NIHSS of 6 on admission, included

patients had relatively milder strokes than excluded patients
(median NIHSS of 7). Our data may differ in a selection of
patients with severe stroke. The time between stroke onset
and first measurement of temperature was not predefined
in the DUST study protocol. Therefore, the variation
between time from stroke onset to first recorded body
temperature might have affected our results. We did not
have data on the occurrence of infections in our population
and could therefore not analyze their relationship with

Table 2 The relation between body temperature and infarct size

Infarct size at day 3 (±2) Functional outcome at 90 days

After adjustmenta After adjustmenta

B 95%CI P RR 95%CI P

Body temperature on admission n = 333 −0.15 −0.49–0.18 0.38 0.99 0.77–1.26 0.90

Peak body temperature on day 1 n = 404 0.31 0.04–0.59 0.02 1.20 0.99–1.46 0.06

Mean body temperature on day 1 n = 404 0.09 −0.41–0.60 0.71 1.38 0.84–2.28 0.21

Peak body temperature on day 2 n = 375 1.13 0.83–1.43 <0.001 1.52 1.17–1.99 0.002

Mean body temperature on day 2 n = 375 −0.27 −0.78–0.26 0.33 0.74 0.33–1.64 0.46

Peak body temperature on day 3 n = 306 0.80 0.48–1.12 <0.001 1.47 1.22–1.77 <0.001

Mean body temperature on day 3 n = 306 0.40 −0.18–0.97 0.17 1.64 0.83–3.25 0.16

B, regression coefficient in ml per additional 1.0 °C in body temperature; CI, confidence interval
aAdjusted for age, sex, previous stroke, hypertension, diabetes mellitus, current smoking, treatment with intravenous alteplase, intra-arterial treatment and National
Institutes of Health Stroke Scale score on admission

Fig. 4 Relation between poor functional outcome and peak body temperature
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hyperthermia. We present results per 1.0 °C, which results
in wide confidence intervals.
As a result of small patient numbers in extreme body

temperature categories, this study is insufficient to
detect associations at body temperatures lower than
35.5 °C or higher than 38.5 °C.

Conclusions
In conclusion, we found that higher body tempera-
tures in the first days after ischemic stroke, rather
than on admission, are associated with larger infarct
size and poor functional outcome. Our findings sug-
gest that prevention of high temperatures in clinical
trials may improve outcome if continued for at least
three days.
Guidelines recommend the use of antipyretics for

febrile patients with stroke, but do not provide a time
window [18]. In the randomised Paracetamol (Acet-
aminophen) In Stroke (PAIS) trial, treatment of patients
with a baseline body temperature of 37 °C or above
with high-dose paracetamol, started within 12 h of
stroke onset and continued for 3 days, resulted in a
temperature reduction of just 0.3 °C at 24 h, but also in
an improved outcome at 3 months [17]. A large phase
III trial on the effect of induced hypothermia after
stroke is ongoing, cooling patients 12 to 24 h after their
stroke [19]. Future clinical trials should further assess
the effect of preventing fever or inducing hypothermia
up to at least 3 days after stroke.
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Table 3 Relation between body temperature and infarct size in patients with an infarct of >0 ml

Infarct size at day 3 (±2) Functional outcome at 90 days

After adjustmenta After adjustmenta

B 95%CI P RR 95%CI P

Body temperature on admission n = 202 0.04 −0.32–0.40 0.83 1.10 0.83–1.48 0.53

Peak body temperature on day 1 n = 273 0.26 −0.04–0.57 0.09 1.19 0.95–1.48 0.13

Mean body temperature on day 1 n = 273 0.28 −0.43–0.99 0.44 1.23 0.50–3.03 0.65

Peak body temperature on day 2 n = 244 0.87 0.53–1.22 <0.001 1.43 1.07–1.91 0.02

Mean body temperature on day 2 n = 244 0.06 −0.59–0.72 0.85 0.64 0.27–1.05 0.31

Peak body temperature on day 3 n = 175 0.62 0.27–0.97 0.001 1.45 1.14–1.84 0.002

Mean body temperature on day 3 n = 175 0.90 0.22–1.60 0.01 1.49 0.73–3.10 0.28

B, regression coefficient in ml per additional 1.0 °C in body temperature; CI, confidence interval
aAdjusted for age, sex, previous stroke, hypertension, diabetes mellitus, current smoking, treatment with intravenous alteplase, intra-arterial treatment and National
Institutes of Health Stroke Scale score on admission

Geurts et al. BMC Neurology  (2016) 16:233 Page 6 of 7



References
1. Luengo-Fernandez R, Paul NL, Gray AM, Pendlebury ST, Bull LM, Welch SJ, et

al. Population-based study of disability and institutionalization after transient
ischemic attack and stroke: 10-year results of the Oxford Vascular Study.
Stroke. 2013;44:2854–61.

2. Audebert HJ, Rott MM, Eck T, Haberl RL. Systemic inflammatory response
depends on initial stroke severity but is attenuated by successful
thrombolysis. Stroke. 2004;35:2128–33.

3. Millan M, Grau L, Castellanos M, Rodriguez-Yanez M, Arenillas JF, Nombela F,
et al. Body temperature and response to thrombolytic therapy in acute
ischaemic stroke. Eur J Neurol. 2008;15:1384–9.

4. Leira R, Rodriguez-Yanez M, Castellanos M, Blanco M, Nombela F, Sobrino T,
et al. Hyperthermia is a surrogate marker of inflammation-mediated cause
of brain damage in acute ischaemic stroke. J Intern Med. 2006;260:343–9.

5. Boysen G, Christensen H. Stroke severity determines body temperature in
acute stroke. Stroke. 2001;32:413–7.

6. Castillo J, Davalos A, Marrugat J, Noya M. Timing for fever-related brain
damage in acute ischemic stroke. Stroke. 1998;29:2455–60.

7. den Hertog HM, van der Worp HB, van Gemert HM, Algra A, Kappelle LJ,
van Gijn J, et al. An early rise in body temperature is related to unfavorable
outcome after stroke: data from the PAIS study. J Neurol. 2011;258:302–7.

8. Karaszewski B, Thomas RG, Dennis MS, Wardlaw JM. Temporal profile of
body temperature in acute ischemic stroke: relation to stroke severity and
outcome. BMC Neurol. 2012;12:123-2377-12-123.

9. Idicula TT, Waje-Andreassen U, Brogger J, Naess H, Lundstadsveen MT,
Thomassen L. The effect of physiologic derangement in patients with stroke
treated with thrombolysis. J Stroke Cerebrovasc Dis. 2008;17:141–6.

10. Ernon L, Schrooten M, Thijs V. Body temperature and outcome after stroke
thrombolysis. Acta Neurol Scand. 2006;114:23–8.

11. Reith J, Jorgensen HS, Pedersen PM, Nakayama H, Raaschou HO, Jeppesen
LL, et al. Body temperature in acute stroke: relation to stroke severity, infarct
size, mortality, and outcome. Lancet. 1996;347:422–5.

12. Saini M, Saqqur M, Kamruzzaman A, Lees KR, Shuaib A, VISTA Investigators.
Effect of hyperthermia on prognosis after acute ischemic stroke. Stroke.
2009;40:3051–9.

13. Wang Y, Lim LL, Levi C, Heller RF, Fisher J. Influence of admission body
temperature on stroke mortality. Stroke. 2000;31:404–9.

14. Ginsberg MD, Busto R. Combating hyperthermia in acute stroke: a
significant clinical concern. Stroke. 1998;29:529–34.

15. Jorgensen HS, Reith J, Pedersen PM, Nakayama H, Olsen TS. Body
temperature and outcome in stroke patients. Lancet. 1996;348:193.

16. van Seeters T, Biessels GJ, Kappelle LJ, van der Schaaf IC, Dankbaar JW,
Horsch AD, et al. Dutch acute stroke study (DUST) investigators. CT
angiography and CT perfusion improve prediction of infarct volume in
patients with anterior circulation stroke. Neuroradiology. 2016;58:327–37.

17. den Hertog HM, van der Worp HB, van Gemert HM, Algra A, Kappelle LJ,
van Gijn J, et al. The Paracetamol (Acetaminophen) In Stroke (PAIS) trial: a
multicentre, randomised, placebo-controlled, phase III trial. Lancet Neurol.
2009;8:434–40.

18. Jauch EC, Saver JL, Adams Jr HP, Bruno A, Connors JJ, Demaerschalk BM, et
al. Guidelines for the early management of patients with acute ischemic
stroke: a guideline for healthcare professionals from the American Heart
Association/American Stroke Association. Stroke. 2013;44:870–947.

19. van der Worp HB, Macleod MR, Bath PM, Demotes J, Durand-Zaleski I,
Gebhardt B, et al. EuroHYP-1: European multicenter, randomized, phase III
clinical trial of therapeutic hypothermia plus best medical treatment vs. best
medical treatment alone for acute ischemic stroke. Int J Stroke. 2014;9:642–5.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Geurts et al. BMC Neurology  (2016) 16:233 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Subgroup analyses

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

