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Background: Low body temperature is considered beneficial in ischemic stroke due to
neuroprotective mechanisms, yet some studies suggest that higher temperatures may improve clot
lysis and outcomes in stroke patients treated with tissue plasminogen activator (tPA). The effect
of increased body temperature in stroke patients treated with tPA and with normal computed
tomography angiography (CTA) on admission is unknown. We hypothesized a beneficial effect
of higher body temperature in the absence of visible clots on CTA, possibly due to enhanced
lysis of small, peripheral clots.

Methods: Patients with ischemic stroke admitted to our Stroke Unit between February 2006
and April 2013 were prospectively registered in a database (Bergen NORSTROKE Registry).
Ischemic stroke patients treated with tPA with normal CTA of the cerebral arteries were included.
Outcomes were assessed by the modified Rankin Scale (mRS) after 1 week. An excellent out-
come was defined as mRS=0, and a favorable outcome as mRS=0-1.

Results: A total of 172 patients were included, of which 48 (27.9%) had an admission
body temperature =37.0°C, and 124 (72.1%) had a body temperature <37.0°C. Body
temperature =37.0°C was independently associated with excellent outcomes (odds ratio [OR]:
2.8; 95% confidence interval [CI]: 1.24-6.46; P=0.014) and favorable outcomes (OR: 2.8;
95% CI: 1.13-4.98; P=0.015) when adjusted for confounders.

Conclusion: We found an association between higher admission body temperature and
improved outcome in tPA-treated stroke patients with normal admission CTA of the cerebral
arteries. This may suggest a beneficial effect of higher body temperature on clot lysis in the
absence of visible clots on CTA.

Keywords: acute ischemic stroke, body temperature, thrombolysis, tissue plasminogen
activator

Introduction

Body temperature is an important clinical factor in ischemic stroke. Hypothermia
is considered a robust neuroprotectant, and it has shown efficiency against different
modalities of brain injury at an experimental level.! In ischemic stroke, animal studies
have shown a reduction of stroke volume in hypothermia and increased stroke volumes
at higher temperatures.>* Similarly, observation studies in stroke patients have indicated
an association between poor prognosis and increased body temperature within the first
12-24 hours of stroke onset.>® However, the role of body temperature in acute stroke
patients treated with tissue plasminogen activator (tPA) is unclear. In vitro studies have
shown a decrease in the fibrinolytic activity of tPA when temperature is reduced.” In
addition, several clinical studies have reported a beneficial effect of increased body
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temperature in ischemic stroke patients treated with tPA,
suggesting an augmentation of clot lysis and recanalization at
higher temperatures.®!° In support of this theory, we recently
showed an association between a low body temperature upon
admission in acute ischemic stroke patients and persistent
proximal middle cerebral artery (MCA) occlusion.!

A number of acute ischemic stroke patients treated with
tPA present with normal computed tomography angiography
(CTA) of the cerebral arteries on admission. These patients
may have occluded cerebral vessels, which are too small for
visualization on CTA, or they have already achieved com-
plete recanalization at the time of admission. It is unknown
whether body temperature influences outcomes in these
patients. We aimed to explore this effect and hypothesized
that higher body temperature has a beneficial effect on short-
term outcomes in ischemic stroke patients treated with tPA
with normal admission CTA of the cerebral arteries.

Methods

All patients with acute ischemic stroke admitted to the Stroke
Unit, Department of Neurology, Haukeland University
Hospital in Bergen, Norway, between February 2006 and
April 2013 were prospectively registered in The Bergen
NORSTROKE Registry, and the data were retrospectively
analyzed. Ischemic stroke was defined in accordance with
the Baltimore—Washington Cooperative Young Stroke Study
Criteria, which were comprised of neurological deficits lasting
longer than 24 hours because of ischemic lesions or transient
ischemic attacks, where CT or magnetic resonance imaging
showed infarctions related to the clinical findings.'?

CTA was performed on admission in patients who
were candidates for intravenous (IV) thrombolysis, unless
contraindications to iodinated contrast agents were pres-
ent (including renal insufficiency and a history of contrast
agent allergy). The degree of partial or complete occlusion
was assessed in the major cerebral arteries (including the
MCA, anterior cerebral artery, posterior cerebral artery,
basilar artery, and the intracranial part of the vertebral
arteries). Total occlusion was defined as 100% occlusion,
partial occlusion as 20%—-50% or 50%—-99% occlusion, and
no occlusion as 0%—20% occlusion. The presence of an inter-
nal carotid artery (ICA) occlusion was evaluated with duplex
ultrasound examination within 24 hours after admission.

Patients were included if they presented with no occlusion
of the major intracranial arterial vessels on admission and
without ICA occlusion on duplex ultrasound. All included
patients had ischemic stroke and were treated with tPA.
tPA was administered to eligible patients according to the

Safe Implementation of Thrombolysis in Stroke (SITS)
protocol.”® In addition, tPA was administered to patients with
relative contraindications to tPA (such as age >80 years)
based on a case by case evaluation.'

Body temperature was obtained on admission and mea-
sured by either an infrared tympanic device (LighTouch-
LTX; Exergen Corporation, Watertown, MA, USA) or by
using a temporal artery thermometer (Exergen Temporal
Scanner; Exergen Corporation). The precision of both
methods has been validated in several trials.">"'7 Prior to
temperature measurement, no temperature intervention
(paracetamol or IV administration of fluids) was provided.
The National Institute of Health Stroke Scale (NIHSS)
was used to assess stroke severity on admission and dis-
charge. Short-term outcomes were defined by the modified
Rankin Scale (mRS) score on day 7 or at discharge, if the
patient was discharged earlier. An excellent outcome was
defined as an mRS score of 0, and a favorable outcome as
an mRS score of 0 or 1. The study was approved by the
local research ethics committee, and informed consent
was obtained from all patients as part of a prospective
study protocol.

Neuroimaging

Nonenhanced computed tomography (CT) and CTA
sequences were performed according to a standard depart-
mental stroke protocol with an 8- or 16-section multidetec-
tor CT scanner (LightSpeed®; GE Healthcare Bio-Sciences
Corp, Piscataway, NJ, USA). Representative sample param-
eters were as follows: 120 kVp; 300 mA; 2-second scan time;
and 5 mm section thickness. Nonenhanced CT was imme-
diately followed by CTA. Scan delay time was determined
using SmartPrep (GE Healthcare) and 80 mL of a nonionic
contrast agent (Ilomeron®; Bracco Imaging S.p.A., Milano,
Italy) was administered at an injection rate of 2.0 mL/second
through an 18-gauge intravenous catheter using a power
injector (Medrad Stellant®; Medrad, Pittsburgh, PA, USA).
The following parameters were used: 100 kVp; 300 mA;
1.25 mm section thickness; 0.6 mm reconstruction interval;
and 1.35:1 pitch. Nonenhanced CT scans and CTA scans
were reviewed by a stroke neurologist and stroke neurolo-
gist research fellow experienced in neuroimaging review
(HN and CK, 15 and 4 years of neuroimaging experience,
respectively).

Statistics
Included patients were dichotomized into two groups: those
with an admission body temperature =37.0°C and those
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with an admission body temperature <37.0°C. Univariate
analyses were performed between these two groups, where
Student’s #-test, Pearson’s chi-square test, Fisher’s exact
test, and the Wilcoxon rank sum test were used when
appropriate. Logistic regression analyses were performed
with excellent outcomes and favorable outcomes serving as
the dependent variables. A post hoc analysis was performed
with the NIHSS score at discharge as the dependent vari-
able in a linear regression model. Potential confounders
from the univariate analyses, such as time from symptom
onset to hospital admission, prior medical history, stroke
etiology, and admission parameters, were removed from
the analyses by backward stepwise selection. Analyses
were performed using STATA 11.0 (StataCorp LP, College
Station, TX, USA).

Results

A total of 272 ischemic stroke patients were treated with tPA,
of which 185 (68.0%) had CTA without partial or complete
occlusion of the cerebral arteries on admission. Of this popu-
lation, there were 13 (7.0%) patients with ICA occlusion. This
led to the inclusion of 172 patients with normal CTA of the
cerebral arteries and without ICA occlusion.

Body temperature on admission was =37.0°C in 48
(27.9%) of these patients, whereas 124 patients (72.1%) had
a body temperature <37.0°C. The mean body temperature
was 37.3°C (95% confidence interval [CI]: 37.2°C-37.4°C)
in patients with an admission temperature =37.0°C and
36.3°C (95% CI: 36.3°C—36.4°C) in patients with an admis-
sion temperature <37.0°C.

Demography, clinical characteristics, and outcome rates
are shown in Table 1. The mean age was 70.3 years in patients
with body temperatures =37.0°C and 70.5 years in patients
with body temperatures <37.0°C (P=0.460). Prior medical
history and stroke etiology were similar in both groups.
Median NIHSS score on admission was 6 (interquartile
range: 4-10) in patients with a body temperature =37.0°C,
and 6 (interquartile range: 4—11) in patients with a body tem-
perature <37.0°C (P=0.673). Blood test values at admission
were also similar in both groups, except for serum glucose,
which was lower in patients with a body temperature =37°C
(6.1 mmol/L versus 7.1 mmol/L, P=0.008). A total of 16
patients (33.3%) with a body temperature =37.0°C and
18 patients (14.5%) with a body temperature <37.0°C had
excellent short-term outcomes (P=0.005). Favorable short-
term outcomes were achieved in 26 patients (54.2%) with a
body temperature =37.0°C and in 41 patients (33.1%) with
a body temperature <37.0°C (P=0.011).

Table | Univariate analyses of demography, clinical characteristics,
and outcome rates among ischemic stroke patients with normal
CT angiography of their cerebral arteries after treatment with tPA
and with admission body temperatures =37.0°C versus <37.0°C

Body Body P
temperature temperature
=37.0°C <37.0°C
(n=48) (n=124)
Age, years, mean (SD) 70.3 (14.1) 70.5 (16.3) 0.460
Sex (male) (%) 33 (68.8) 79 (63.7) 0.534
Time from symptom onset ~ 99.2 (44.6) 92.5 (44.7) 0.206
to hospital admission
in minutes, mean (SD)
Medical history (%)
Ischemic stroke 4(8.3) 16 (12.9) 0.402
TIA 6 (12.5) 8 (6.5) 0.193
Myocardial infarction 6 (12.5) 17 (13.7) 0.834
Diabetes mellitus 6 (12.5) 22 (18.0) 0.381
Hypertension 23 (47.9) 49 (39.8) 0.336
Atrial fibrillation 11 (22.9) 40 (32.3) 0.229
Etiology by TOAST (%)
Large artery 7 (14.6) 13 (10.5) 0.452
Cardioembolism 17 (35.4) 50 (40.3) 0.554
Small vessel disease 3 (6.3) 8 (6.5) 0.961
Other determined etiology 0 4 (3.3) 0.206
Undetermined etiology 21 (43.8) 48 (39.0) 0.571
Admission parameters
NIHSS score, median (IQR) 6 (4-10) 6 (4-11) 0.673
Systolic blood pressure, 161.9 (28.0) 162.9 (25.2) 0.422
mm Hg, mean (SD)
Diastolic blood pressure, 90.7 (19.2) 90.4 (16.3) 0.463
mm Hg, mean (SD)
Hemoglobin, g/dL, 14.4 (1.4) 14.4 (1.4) 0.376
mean (SD)
Leucocytes, 107/L, 8.7 (2.9) 8.2 (2.4) 0.134
mean (SD)
Glucose, mmol/L, 6.1 (1.5) 7.1 2.4) 0.008
mean (SD)
CRP, mg/L, mean (SD) 7.1 (14.6) 6.8 (18.3) 0.462
D-dimer, mg/L, mean (SD) 1.6 (2.4) 1.3 (1.7) 0.215
Outcome (%)
Excellent outcome 16 (33.3) 18 (14.5) 0.005
(mRS=0)
Favorable outcome 26 (54.2) 41 (33.1) 0.011
(mRS=0-1)

Abbreviations: CT, computed tomography; tPA, tissue plasminogen activator; n,
number; SD, standard deviation; TIA, transient ischemic attack; TOAST, Trial of Org
10172 in Acute Stroke Treatment classification; NIHSS, National Institutes of Health
Stroke Scale; IQR, interquartile range; CRP, C-reactive protein; mRS, modified
Rankin Scale | week after stroke onset or on discharge, if discharged earlier.

Logistic regression analyses with excellent outcomes
and favorable outcomes are illustrated in Tables 2 and 3,
respectively. Body temperature =37.0°C was independently
associated with excellent outcomes (odds ratio [OR]: 2.8;
95% CI: 1.24-6.46; P=0.014) and favorable outcomes (OR:
2.4; 95% CI: 1.13-4.98; P=0.015) when adjusted for age,
sex, and NIHSS score on admission. Serum glucose was
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Table 2 Logistic regression analysis with excellent outcomes
(mRS=0) as the dependent variable among ischemic stroke
patients with normal CT angiography of their cerebral arteries
when treated with tPA

OR 95% ClI P
Age 1.0 0.97-1.02 0.673
Sex 1.3 0.53-2.99 0.608
NIHSS score on admission 0.9 0.79-0.96 0.007
Body temperature =37.0°C 2.8 1.24-6.46 0.014

Abbreviations: mRS, modified Rankin Scale at day 7 or at discharge if discharged
earlier; CT, computed tomography; tPA, tissue plasminogen activator; OR, odds
ratio; Cl, confidence interval; NIHSS, National Institutes of Health Stroke Scale.

not associated with excellent outcomes (OR: 1.0; 95% CI:
0.80-1.18; P=0.798) or favorable outcomes (OR: 0.94; 95%
CI: 0.81-1.11; P=0.502), and it did not affect the impact of
body temperature on outcomes when implemented into the
logistic regression models as an independent variable (not
shown). It was, therefore, removed from the final logistic
regression models.

A post-hoc analysis was performed with the NIHSS
score at discharge serving as the dependent variable in a
linear regression model. Increased body temperature on
admission was independently associated with lower NIHSS
scores at discharge when adjusted for confounders and when
patients with minor stroke symptoms on admission (NIHSS
score =1) were excluded. (P=0.029). There was no such
association when patients with an admission NIHSS score =1
were included (P=0.104).

Discussion

Our study showed that higher body temperature on admis-
sion was associated with improved short-term outcomes in
ischemic stroke patients treated with tPA and with normal
angiographic findings of their cerebral arteries on admis-
sion. A recent study showed an association between higher
body temperature upon admission and recanalization of the
MCA prior to admission.!" Our findings suggest a beneficial

Table 3 Logistic regression analysis with favorable outcomes
(mRS=0-1) as the dependent variable among ischemic stroke
patients with normal CT angiography of their cerebral arteries
when treated with tPA

OR 95% CI P
Age 1.0 0.96-1.00 0.083
Sex 0.9 0.43-1.83 0.736
NIHSS score on admission 0.9 0.82-0.94 <0.001
Body temperature =37.0°C 24 1.13-4.98 0.015

Abbreviations: mRS, modified Rankin Scale score at day 7 or at discharge, if
discharged earlier; CT, computed tomography; tPA, tissue plasminogen activator;
OR, odds ratio; Cl, confidence interval; NIHSS, National Institutes of Health Stroke
Scale.

effect of higher body temperature also in the absence of
larger clots on admission CTA. This may be explained by
an improved thrombolytic effect of tPA in smaller clots,
which are not visible on angiographic imaging, resulting
in a higher rate of recanalization and improved outcomes
in patients with higher body temperatures. Normal CTA on
admission in ischemic stroke patients may also indicate that
a thrombus has already recanalized prior to the thrombolytic
treatment. It is possible that an increased body temperature
could have contributed to an earlier recanalization prior to
admission than was achieved in patients with lower tem-
peratures, thus resulting in improved outcomes in patients
with higher temperatures. These theories remain specula-
tive, as admission CTA was normal on admission in all
patients and imaging of recanalization prior to admission
is difficult to obtain.

There are other potential explanations for our findings.
Patients presenting with lower body temperatures could
have had worse outcomes due to more severe neurological
deficits that appeared initially, thus leading to less muscle
activity and lower body temperature on admission. However,
neurological deficits, as measured by the NIHSS score, were
similar in both groups upon admission, which makes this
explanation unlikely.

Serum glucose was higher in patients with lower admission
temperatures. Higher levels of glucose have been associated
with worse prognosis in prior stroke studies.'®!” Consequently,
patients with lower temperatures could have achieved worse
short-term outcomes due to elevated glucose levels on
admission. Nonetheless, higher body temperature was still
associated with improved outcomes when serum glucose
levels were adjusted for in the multivariate analyses.

Our results contradict the findings of prior clin-
ical trials.>%2%2! These studies found an association
between increased body temperatures measured beyond
6 hours after stroke onset and worse prognosis. In this study,
we were primarily interested in the effect of higher body
temperatures on clot lysis, and in outcomes in the very early
phase following the onset of stroke symptoms. We, therefore,
used body temperature measured on admission. This may
explain some of the discrepancies between our findings and
the findings of these studies.

Our findings are in agreement with the results of other
clinical studies. A recent study, which included 647 ischemic
stroke patients treated with tPA, found an association between
high baseline body temperature and favorable outcomes
after 3 months.® This finding suggested an increased rate
of clot lysis in patients with increased body temperatures.
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We recently reported an association of higher body tem-
perature and major neurological improvement in severe
ischemic stroke patients treated with tPA,* suggesting a
beneficial effect of higher body temperature on clot lysis
and recanalization. In addition, a previous study including
111 patients treated with tPA found a beneficial effect of high
admission body temperature on short-term outcomes.'’ The
authors speculated that the effect of high body temperature
on clot lysis could be more important than the potential
neuroprotective effect of low body temperature in stroke
patients treated with tPA.

It is customary to treat elevated body temperatures with
pharmacological or physical strategies in the acute phase of
ischemic stroke, even though there are no randomized trials
favoring such strategies. A randomized, placebo-controlled
study including 1,400 patients with ischemic stroke showed
no overall effect of paracetamol on outcomes, although a
post hoc analysis found a beneficial effect of paracetamol
in patients with increased temperatures.” In addition,
a systematic review of randomized trials could not find
evidence to support the use of pharmacological or physi-
cal strategies to reduce body temperature in patients with
acute ischemic stroke.?* Our study and previous findings
may explain these disappointing results obtained when
treating stroke patients in the acute phase with different
cooling strategies.”!! Although temperature lowering rep-
resents a potent neuroprotective therapy, this effect may
be negated due to prolonged clot lysis in stroke patients
treated with tPA.

Our study has some limitations. We theorized a ben-
eficial effect of higher body temperature on clot lysis and
recanalization. Although our results showed an association
between higher body temperature and improved outcomes,
our theory is difficult to assess due to lack of direct imaging
of recanalization. This would, however, have been difficult
to obtain, as CTA was normal in all patients on admission.
Second, ICA occlusion was assessed by ultrasound within
24 hours after admission and not on admission CTA. It is
theoretically possible that a patient with ischemic stroke
due to ICA occlusion presented with normal CTA of the
cerebral vessels, where the ICA occlusion recanalized after
thrombolytic treatment and, therefore, was not evident on
ultrasound examination the next day. Since the rate of suc-
cessful recanalization in ICA occlusions is relatively low,
this could only have affected a small minority of patients.?
Third, only short-term clinical outcomes were obtained, and
not outcomes after 3 months. Early outcomes may, however,
also be highly relevant when studying acute stroke, as it is

more directed to the stroke as such, whereas patient outcomes
after 3 months encompass other factors such as rehabilitation,
caregiver support, recurrent strokes, and so on.?

Conclusion

In conclusion, our study showed an association between
higher body temperature upon admission and improved
short-term outcomes in ischemic stroke patients treated with
tPA, and who presented with normal CTA of the cerebral
arteries on admission. This may suggest a beneficial effect
of higher body temperature on clot lysis in the absence of
visible clots on CTA.
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