Guidelines

European Stroke Organisation (ESO) guidelines for the management of
temperature in patients with acute ischemic stroke

George Ntaios'*, Tomasz Dziedzic?, Patrik Michel?, Vasileios Papavasileiou’, Jesper Petersson?,
Dimitre Staykov>®, Brenda Thomas’, and Thorsten Steiner®® for the

European Stroke Organisation

Background Hyperthermia is a frequent complication in
patients with acute ischemic stroke. On the other hand, thera-
peutically induced hypothermia has shown promising poten-
tial in animal models of focal cerebral ischemia. This Guideline
Document presents the European Stroke Organisation guide-
lines for the management of temperature in patients with
acute ischemic stroke.

Methods A multidisciplinary group identified related ques-
tions and developed its recommendations based on evidence
from randomized controlled trials elaborating the Grading of
Recommendations Assessment, Development, and Evaluation
approach. This Guideline Document was reviewed within the
European Stroke Organisation and externally and was
approved by the European Stroke Organisation Guidelines
Committee and the European Stroke Organisation Executive
Committee.

Results We found low-quality evidence, and therefore, we
cannot make any recommendation for treating hyperthermia
as a means to improve functional outcome and/or survival in
patients with acute ischemic stroke and hyperthermia; moder-
ate evidence to suggest against routine prevention of hyper-
thermia with antipyretics as a means to improve functional
outcome and/or survival in patients with acute ischemic stroke
and normothermia; very low-quality evidence to suggest
against routine induction of hypothermia as a means to
improve functional outcome and/or survival in patients with
acute ischemic stroke.

Conclusions The currently available data about the manage-
ment of temperature in patients with acute ischemic stroke are
limited, and the strengths of the recommendations are there-
fore weak. We call for new randomized controlled trials as well
as recruitment of eligible patients to ongoing randomized
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controlled trials to allow for better-informed recommenda-
tions in the future.
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Introduction

Recently, the European Stroke Organisation (ESO) updated its
policy on preparation and publication of clinical guidelines.
There have been two major developments: First, it was decided
that the ESO would implement the GRADE system as a guide for
the preparation of the guidelines because of its advantages over
other systems (1,2). Second, it was decided that guidelines would
not be prepared and published as a single document but rather in
several documents each one focusing on a specific topic of interest
(called a ‘module’); this approach allows us to address each
module in greater detail and depth, and also provides more flex-
ibility to the process which in turn contributes to the aim of
delivering guidelines in a timely manner.

Hyperthermia is a frequent complication in up to 50% of
patients with acute ischemic stroke (3,4), and it was shown to be
associated with a poor outcome (5,6). On the other end, thera-
peutically induced hypothermia has shown promising potential
in patients with hypoxic encephalopathy and in animal models of
focal cerebral ischemia. This document presents the ESO guide-
lines on temperature management in patients with acute ischemic
stroke. The aim of this Guideline document is to assist physicians
treating patients with acute ischemic stroke in their clinical deci-
sions with regard to the management of temperature.

Methods

The ESO Guidelines Committee invited the lead author (G. N.) to
form and chair a working group responsible for the module of
temperature management in patients with acute ischemic stroke.
The working group consisted of G.N., T. D.,PM,,V.P,].P, D.S,,
B. T, and T. S.; the conflicts of interest of its members are pre-
sented in Appendix S1. The working group consisted of internists,
neurologists, and an information specialist; members of nursing
or other disciplines were not involved in writing of these recom-
mendations. Briefly, the steps undertaken by the working group
are summarized below:

1. Formulation of the PICO questions (the acronym PICO
stands for population, intervention, comparator, outcome), sug-
gested and concluded by consensus among the members of the
working group.
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2. Rating of the importance of the outcomes selected using a
9-degree scale (7-9 — critical; 46 — important; 1-3 — of limited
importance), concluded by consensus among the members of the
working group

3. Identification of all available related literature. Only random-
ized controlled trials (RCTs) and systematic reviews/meta-analyses
were considered for the current work. Systematic literature
searches of eight major bibliographic databases were performed to
identify relevant studies relating to the identified PICO questions.
The Cochrane Stroke Group Information Specialist (B. T.) devel-
oped the search strategies for each database using a combination of
controlled vocabulary and free text terms to describe each PICO
topic and performed the literature searches between December
2013 and February 2014 (Appendix S2). The following databases
were searched for each PICO question: the Cochrane Stroke Group
Trials Register (7), The Cochrane Library (the Cochrane Database
of Systematic Reviews), the Cochrane Central Register of Con-
trolled Trials, the Database of Reviews of Effects, and the Health
Technology Database, MEDLINE (Ovid) (from 1946), EMBASE
(from 1980), and Cumulative Index of Nursing and Allied Health
Literature (CINAHL) (Ebsco) (from 1982).

4. Selection of eligible studies. For each PICO question, two
authors independently screened the titles and abstracts of the
publications identified by the corresponding electronic search
and assessed the full text of potentially relevant studies.

5. Extraction of data from study reports was performed inde-
pendently by two authors for each PICO question. In case that
data were not reported in an eligible study, its corresponding
author was contacted with the request to provide the necessary
data. In case of no response, the co-authors of the study were also
contacted. In case of no response by the co-authors, several
reminders were sent to all authors. If again no answer was
received, data were considered as missing and were not included
in the analysis.

6. Analysis of extracted data using the Review Manager 5.
Analysis was performed on a random-effects basis, and results are
summarized as risk ratios (RR) and 95% confidence intervals
(CIs). Heterogeneity across studies was evaluated with the I test.
Publication bias was assessed with the help of the funnel plots.

7. Import of analyzed data into the GRADEPRo software (8).

8. Grading of the quality of available evidence for each
outcome, concluded by consensus among the members of the
working group using the following criteria: the type of studies
included, limitations in study design and methodology (i.e. risk of
bias), inconsistency (or else: heterogeneity) of results, indirectness
of evidence, imprecision, reporting bias, the magnitude of the
treatment effect, evidence of a dose-response relation, and the
effect of all plausible confounding. Quality of evidence was
graded in four grades as high, moderate, low, and very low (Box 1)
(1,2,9,10).

9. Grading of the quality of evidence across several outcomes.
When several outcomes were assessed for a clinical question, the
grade for the overall quality of evidence was based on the grade
for the most critical. In general, critical outcomes determine the
grading of quality of evidence across different outcomes
(1,2,9,10).
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Box 1 Grades of quality of evidence

Grade Definition Symbol

High Further research is very unlikely to change our ©9&®
confidence in the estimate of effect.

Moderate Further research is likely to have an important ©&9®

impact on our confidence in the estimate of
effect and may change the estimate.

Low Further research is very likely to have an D
important impact on our confidence in the
estimate of effect and is likely to change the
estimate.

Very low We are very uncertain about the estimate. 5]

Box 2 Definitions and symbols of categories of strength of
recommendation

Strength of

recommendation  Criteria Symbol

Strong for an The desirable effects of an intervention TT

intervention clearly outweigh its undesirable
effects.
Weak for an The desirable effects of an intervention T?
intervention probably outweigh the undesirable
effects.
Weak against an  The undesirable effects of an 2
intervention intervention probably outweigh the
desirable effects
Strong against an  The undesirable effects of an L
intervention intervention clearly outweigh its
desirable effects.

10. Determination of the direction and the strength of the rec-
ommendation, concluded by consensus among the members of
the working group. For each PICO question, according to the
GRADE methodology, the direction of recommendation was
either ‘for’ or ‘against, and the strength of recommendation was
defined as either strong or weak, taking into consideration the
balance between desirable and undesirable effects and the quality
of the evidence (Box 2) (1,2,9,10).

11. Wording of recommendations was concluded by consensus
among the members of the working group. For strong recom-
mendations, we adapted the terminology ‘we recommend ...,
whereas for weak recommendations, we adapted the term ‘we
suggest .. ..

For each PICO question, we add an ‘additional information’
box just after each recommendation box to provide further infor-
mation which may be of interest to the reader (11).

This has been discussed during a plenary session during the
ESO-Karolinska Stroke Update Conference. This document was
approved by consensus by the members of the working group for
the preparation of the ESO Guidelines about temperature man-
agement in acute ischemic stroke (Appendix S1a); it was reviewed
by two external reviewers (Appendix S1d), who do not carry any
responsibility for its integrity. It was submitted to and approved
for publication by the ESO Guidelines Committee (Appendix
S1b) and the ESO Executive Committee (Appendix Slc).
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Results

The working group formulated three PICO questions, each one
examining two outcomes: functional outcome and mortality. For
all PICO questions, both outcomes were rated as of critical
importance (9/9).

PICO1: In hyperthermic patient with acute ischemic stroke, does
treatment of hyperthermia compared with no treatment of hyper-
thermia improve functional outcome and/or survival?

The literature search was based on the strategy shown in
Appendix S2a; it was performed on 11 December 2013 and
yielded 3105 items. Two authors (G. N. and V. P.) screened the
titles and abstracts of these publications, retrieved 154 publica-
tions in full text, and identified two small RCTs of a total of 42
patients (Appendix S3a) (12,13). The intervention tested was par-
acetamol in both trials (12,13). For the present analysis, hyper-
thermia was arbitrarily defined as >38°C.

Favorable functional outcome was assessed with the modified
Rankin Scale (mRS) at one- to three-months in both trials, and
was defined as a score of <3 in the study by Hertog et al. (12) and
a score of <2 in the study by Dippel et al. (13). In the analysis of all
42 patients, there was no statistically significant difference in
favorable functional outcome between patients receiving treat-
ment for hyperthermia and controls [risk ratio (RR): 1:30, 95%
CI: 0-78-2-15] with no sign of heterogeneity among the RCTs
(I%:0%; Fig. S1). The quality of evidence was downgraded to low
due to serious imprecision of the effect estimates (Table 1). The
funnel plot of the included RCTs is presented in Fig. S2.

Mortality was also assessed at one- to three-months in both
trials (12,13). There was no statistically significant difference in
mortality between patients receiving treatment for hyperthermia
and controls (RR: 0-88, 95% CI: 0-21-3-71), with no sign of het-
erogeneity (I”: 0%; Fig. S1). The quality of evidence was down-
graded to low due to serious imprecision (Table 1). The funnel
plot of the included RCTs is presented in Fig. S2.

Recommendation

In patients with acute ischemic stroke and hyperthermia, we cannot
make any recommendation for treating hyperthermia as a means to
improve functional outcome and/or survival.

Quality of evidence: Low/©&®

Strength of recommendation: Weak

Additional information: Recently, the QASC trial showed that
rigorous implementation of common stroke treatment protocols
including fever management, dysphagia, and hyperglycemia man-
agement improved patient outcomes (14). Although it was not
possible to identify directly which of the three components of this
intervention exerted the beneficial effect which was actually the
reason for excluding this cluster-randomized RCT from our
meta-analysis (15), a multiple logistic regression analysis sug-
gested that the main determinants were hyperglycemia and fever
management (16).

Administration of antipyretics to reduce temperature in a
hyperthermic patient and clinical examination and investigation

Guidelines |

to identify the cause of fever are standard of care worldwide in
routine clinical practice. In this context, treatment of hyperther-
mia in a hyperthermic stroke patient is a rational choice to reduce
temperature and relieve the symptom of discomfort associated
with hyperthermia; however, as analyzed above, existing data are
very limited to show any effect (either beneficial or detrimental)
in stroke patients on hard clinical outcomes like functional
outcome or mortality. Further randomized trials are needed.

PICO2: In normothermic patients with acute ischemic stroke, does
prevention of hyperthermia with antipyretics compared with no
prevention of hyperthermia improve functional outcome and/or
survival?

The literature search was based on the strategy shown in
Appendix S2b; it was performed on 8 January 2014 and yielded
814 items. Two authors (T. D. and P. M.) screened the titles and
abstracts of these publications and retrieved 13 publications in
full, of which four were RCTs of a total of 1354 patients (Appen-
dix S3b) (12,13,17,18). The antipyretics tested were paracetamol
and/or ibuprofen. Normothermia was defined as <38°C in three
studies (12,13,18) and <38-5°C in one study (17).

Favorable functional outcome was assessed in three trials and
defined as an mRS score at one- to three-months of <3 in the
study by Hertog et al. (12) and <2 in the two studies by Dippel
et al. (13,18). In the analysis of 1323 patients, there was no statis-
tically significant difference in favorable functional outcome
between patients receiving preventive measures for hyperthermia
and controls (RR: 1-02, 95% CI: 0-94-1:10) with no sign of het-
erogeneity (I%0%) (Fig. S3). The quality of evidence was graded
as high (Table 2). The funnel plot of the included RCTs is pre-
sented in Fig. S4.

Four RCTs assessed mortality at one- to three-months after
stroke (12,13,17,18). The analysis of 1354 patients showed no
statistically significant difference in mortality between patients
receiving preventive measures for hyperthermia and controls
(RR: 0-96, 95% CI: 0-74-1-23) with no sign of heterogeneity (I*:
0%) (Fig. S3). The quality of evidence was downgraded to mod-
erate due to serious imprecision (Table 2). The funnel plot of the
included RCTs is presented in Fig. S4.

Recommendation

In patients with acute ischemic stroke and normothermia, we do not
recommend routine prevention of hyperthermia with antipyretics as a
means to improve functional outcome and/or survival.

Quality of evidence: Moderate/®®®

Strength of recommendation: Weak/,?

Additional information: This recommendation refers only
to targeted temperature management approaches like
administration of antipyretics and not to routine best-care prac-
tices like assessment of dysphagia and prevention of aspiration
pneumonia, prevention of urinary tract infections, and other
infections and prevention of pressure ulcers, all of which may
induce hyperthermia. Also, a benefit cannot be excluded in spe-
cific patient populations (e.g. those with a body temperature in
the first 12 hours of stroke onset of 37-0°C or higher (19)); there-
fore, new clinical trials are recommended.
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PICO3: In patients with acute ischemic stroke, does induction of
hypothermia compared with no induction of hypothermia improve
functional outcome and/or survival?

The literature search was based on the strategy shown in
Appendix S2¢; it was performed on 11 February 2014 and yielded
4790 items. Two authors (J. P. and D. S.) screened the titles and
abstracts of these publications and retrieved 55 publications in
full, of which six RCTs were identified, including a total of 252
patients (Appendix S3c) (20-24).

Favorable functional outcome was assessed with the mRS at
one- to three-months in five studies, and defined as <1 in the
studies by Bi etal. (21) and Hemmen et al. (23) and <2 in the
studies by Piironen et al. (20), Ovesen et al. (24) and De Georgia
et al. (22). The analysis included 227 patients and showed no
statistically significant difference in favorable functional outcome
between patients treated with induction of hypothermia and con-
trols (RR: 0-92, 95% CI: 0-63—1-33), with no sign of heterogeneity
(P:0%) (Fig.S5). The quality of evidence was graded as low
because of serious risk of bias and serious imprecision (Table 3).
The funnel plot of the included RCTs is presented in Fig. S6.

Mortality was assessed at one- to three-months in all six trials
(20-25). The analysis included 252 patients, and there was no
statistically significant difference in mortality between patients
receiving hypothermia and controls (RR: 120, 95% CI: 0-65—
2:22), with no sign of heterogeneity (I*: 0%) (Fig. S5). The quality
of evidence was graded as very low because of the serious risk of
bias and very serious imprecision (Table 3). The funnel plot of the
included RCTs is presented in Fig. S6.

Recommendation

In patients with acute ischemic stroke, we do not recommend induc-
tion of hypothermia as a means to improve functional outcome and/or
survival.

Quality of evidence: Very low/®

Strength of recommendation: Weak/l?

Additional information: Currently available data are limited to
guide a strong clinical recommendation, but the ongoing
EuroHYP-1 (26) and ICTuS 2/3 (27) are expected to provide
further insight. We strongly encourage recruitment of eligible
patients to these RCTs.

Quality of
evidence/strength
Recommendation of recommendation
1. In patients with acute ischemic stroke and D17
hyperthermia, we cannot make any
recommendation for treating hyperthermia as a
means to improve functional outcome and/or
survival.
2. In patients with acute ischemic stroke and oeaN?

normothermia, we do not recommend routine
prevention of hyperthermia with antipyretics as

a means to improve functional outcome and/or
survival.

3. In patients with acute ischemic stroke, we do en?

not recommend induction of hypothermia as a

means to improve functional outcome and/or

survival.

7 G. Ntaios et al.

Discussion

The currently available data about temperature management in
acute ischemic stroke are limited, and the strengths of the recom-
mendations are therefore weak. Based on the existing data, we
cannot make any recommendation for treating hyperthermia as a
means to improve functional outcome and/or survival in patients
with acute ischemic stroke and hyperthermia; we do not recom-
mend routine prevention of hyperthermia with antipyretics as a
means to improve functional outcome and/or survival in patients
with acute ischemic stroke and normothermia, and we do not
recommend routine induction of hypothermia as a means to
improve functional outcome and/or survival in patients with
acute ischemic stroke. The limitations of the available data call for
recruitment of patients into ongoing and future RCTs.
Hyperthermia is a frequent complication in up to 50% of
patients with acute ischemic stroke (3,4) and has been shown to
be associated with poor outcome (5,6). This effect may be medi-
ated by increased production of excitotoxins and oxygen radicals,
destabilization of cellular membranes, and abnormal electrical
depolarizations (28-32). Hyperthermia also increases oxygen
demand and may aggravate cardiac or pulmonary insufficiency,
and it may also induce mental changes in patients with brain
disease. It is a common practice worldwide — not only in patients
with acute ischemic stroke — to treat hyperthermia with antipyret-
ics, mainly with paracetamol (4). The recent AHA/ASA guidelines
for the early management of patients with acute ischemic stroke
recommend that antipyretic medication should be administered
to lower temperature in patients with stroke and hyperthermia.
This recommendation is graded as class I/level C and is based on
consensus opinion of experts and case studies or standard of care
(33). We cannot make any recommendation for treating patients
with acute ischemic stroke and hyperthermia as a means of
improving functional outcome and/or survival, but this does not
preclude giving antipyretics to relieve the symptom of discomfort
associated with hyperthermia. Since there is absence of evidence,
we could, according to GRADE terminology, also have opted for a
recommendation against treating hyperthermia in patients with
acute ischemic stroke. However, since there is some evidence on
possible benefits and very little evidence against treatment, we
chose the more neutral term above. The recommendations of the
ESO and the AHA/ASA may seem contradictory; however, it
needs to be pointed out that the outcomes are different between
the two recommendations (functional outcome and/or survival
in the ESO guidelines, reduction of temperature in the AHA/ASA
guidelines). Obviously, the administration of antipyretic medica-
tion in a hyperthermic patient with acute ischemic stroke seems a
rational choice given that it reduces the patient’s temperature and
relieves the feeling of discomfort. The strength of the ESO rec-
ommendation is weak, which implies that little evidence is needed
to change the recommendation. In the absence of a clear recom-
mendation for critical outcomes, a strong recommendation for
less critical outcomes (such as patient comfort) may change the
overall recommendation. However, for this review, we have
chosen only to consider critical outcomes like functional outcome
and survival, and in the ‘additional information box} we have
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explained that administration of an antipyretic medication can
still be a reasonable approach. For the next version of this recom-
mendation, the working group may decide to include other less
important outcomes.

The same precautions must be taken when considering our
suggestion against prevention of hyperthermia in normothermic
patients as this refers only to routine prevention with antipyretics
and not to best care practices like assessment of dysphagia and
prevention of aspiration pneumonia, prevention of urinary tract
infections, and prevention of pressure ulcers, all of which may
induce hyperthermia. There is also indirect evidence that induc-
tion of hypothermia is effective in patients with hypoxic encepha-
lopathy after cardiac arrest (34,35), after perinatal asphyxia (36),
and after focal cerebral ischemia in animal models (37,38), but we
found no direct evidence that induction of hypothermia is effec-
tive in patients with acute ischemic stroke; well-designed and
adequately powered RCTs like the ongoing EuroHYP-1 (26) and
ICTuS 2/3 (27) are needed to provide further insight.

The main strengths of this work are the systematic review
across several databases to identify potential eligible studies and
the implementation of the GRADE system, which is adopted by
many healthcare organization worldwide because of its advan-
tages like the clear separation between quality of evidence and
strength of recommendations, the explicit evaluation of the
importance of outcomes, the explicit criteria for downgrading
and upgrading the ratings of the quality of evidence, and the
transparent process of moving from evidence to recommenda-
tions (1,2,9,10). Finally, we added an ‘additional information’
box after each recommendation box to provide further informa-
tion which may be of value for the reader. We chose to include
only RCTs in order to avoid the inherent limitations of
observational studies like selection bias and unmeasured con-
founding. Also, we chose to study only hard outcomes like func-
tional outcome and mortality. Given the limited evidence
available, for the next version of this document, the working
group may decide to include also observational studies, patients’
preferences and values, as well as other less important outcomes.
Finally, for the next version of this document, the working
group may expand to include members from other disciplines
like nursing.

In conclusion, the currently available data about temperature
management in acute ischemic stroke are limited, and therefore,
the strength of recommendations is weak. We call for new RCTs as
well as recruitment of eligible patients in ongoing RCTs to allow
for better-informed recommendations in the future.
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