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Background: Hypothermia is used in the treatment of large hemispheric infarction (LHI);
however, its role in outcomes for LHI patients remains ambiguous. This systematic review
and meta-analysis was conducted to evaluate the effect of hypothermia on the outcomes
of LHI patients.

Methods: We searched MEDLINE, Embase, Cochrane Central Register of Controlled
Trials, China Biological Medicine Database, and clinical trials registers before September
21, 2018, and then scanned the reference lists. Randomized controlled trials that
compared hypothermia with normothermia in LHI patients were included. Primary
outcomes that we reviewed were mortality and neurological outcome. Adverse events
during treatment were defined as secondary outcomes. We performed a meta-analysis
to calculate pooled risk ratios (RRs), standardized mean differences (SMDs), and 95%
confidence intervals (Cls) using fixed-effect models.

Results: Three randomized controlled trials involving 131 participants were
included. No statistically significant association was revealed between hypothermia
and mortality (RR, 1.12; 95% CI, 0.76-1.65). There was significant association
between hypothermia and good neurological outcome as assessed by modified
Rankin Scale score (MRS of 0-3) of survivors (RR, 2.09; 95% ClI, 1.14-3.82),
and with neurological outcome by mRS (SMD, —0.54; 95% ClI, —1.07 to —0.01).
However, significant associations were found between hypothermia and gastrointestinal
bleeding, gastric retention, electrolyte derangement, and shivering. No significant
differences were detected in the incidence of developing herniation in the rewarming
process, pneumonia, cardiac arrhythmia, hemorrhagic transformation, hyperglycemia,
hypotension, acute kidney injury, and venous thrombotic events in LHI patients
who underwent hypothermia compared with those who had normothermia.
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Conclusions: This meta-analysis suggested that hypothermia was not associated
with mortality in LHI patients. However, it was associated with the improvement of
neurological outcome, but with a higher risk of adverse events during treatment. Future
studies are needed to demonstrate the efficacy and safety of hypothermia for LHI.
The protocol for this systematic review was obtained from PROSPERO (registration

number: CRD42018111761).
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INTRODUCTION

Large hemispheric infarction (LHI) is commonly associated
with arterial occlusion of the proximal middle cerebral artery
(MCA) or internal carotid artery (ICA) (1). The incidence
of LHI ranges from 10 to 20 per 100,000 people annually,
which makes up ~10% of supratentorial ischemic strokes
(2). Malignant cerebral edema may follow LHI, which can
lead to intracranial hypertension and herniation. Thus, it is
also known as malignant MCA infarction (1, 3). Although
LHI patients received the strongest medical treatments, the
mortality of this life-threatening disease is nearly 80% (1, 3-7).
Decompressive hemicraniectomy (DHC), a life-saving treatment,
has been demonstrated to reduce mortality (4-9). A meta-
analysis of six randomized controlled trials (RCTs) of DHC
for LHI showed a reduction in mortality of LHI patient with
an increased proportion of severely disabled survivors (10).
Moreover, ethical issues should be taken into consideration.
Given those limitations, hypothermia may be an optional
treatment to LHI patients.

Hypothermia is an effective intervention for neuroprotection
available to acute brain injury patients (11). Currently,
hypothermia acts as a vital part of routine resuscitation
care for cardiac arrest, with substantial evidence supporting
its contribution to achieving survival benefit and favorable
neurological outcome (12, 13). Regarding ischemic stroke,
a meta-analysis examined the efficacy of hypothermia in
animal models of cerebral ischemia. The authors of the study
noted that hypothermia leads to reduction in infarct volume
and improvement in functional outcome compared with
normothermia. The target temperature to induce hypothermia
varied between 24 and 35°C, with a median of 33°C (14).
Additionally, the MCA occlusion rat model of ischemic stroke
suggested that a target temperature of 36°C achieved broadly
similar benefits to a target temperature of 33°C (15). Apart
from these preclinical evidences, some studies indicated that
hypothermia is safe and feasible for patients with acute ischemic
stroke, regardless of it achieves by endovascular cooling or
surface cooling (16, 17). Similarly, hypothermia has been found
to be safe and feasible when combined with thrombolysis
(18-20). With respect to LHI, the potential effectiveness of
hypothermia in improving a favorable clinical outcome for
survivors has been noted in many studies (21-23). Specifically,
LHI patients seem to benefit more from hypothermia combined
with DHC than from hypothermia alone (24). Unfortunately,
the adverse events accompanying hypothermia are many, such

as pneumonia, hypotension, and shivering, which may limit
how often hypothermia is used (21-23, 25). Hypothermia is
shown to help reduce the intracranial pressure (ICP) values for
LHI patients significantly (23, 25, 26). However, there may be a
rebound increase in ICP during or after rewarming, which can
likely lead to fatal herniation (25-27), a serious adverse event.
Studies have suggested prolonging the rewarming phase that may
alleviate the herniation, but the evidence is insufficient (25, 26).

Studies have investigated the efficacy and safety of using
hypothermia for LHI patients. Nevertheless, its role in managing
the patients suffering from LHI remains debatable (28).
Consequently, we performed a meta-analysis of RCTs to
evaluate the effects of hypothermia on mortality, neurological
outcome, and adverse events in LHI patients compared
with normothermia.

METHODS

We followed the Cochrane Handbook for Systematic Reviews
of Interventions to conduct this systematic review and meta-
analysis (29). We reported the meta-analysis in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (30), and we conducted this
systematic review adhering to the protocol of PROSPERO in
which we registered (registration number: CRD42018111761).

Eligibility Criteria

The eligibility criteria for this systematic review were as follows.
(1) Type of studies: RCTs of hypothermia vs. normothermia.
(2) Type of participants: clinical signs of a large supratentorial
infarction, infarction involving not <2/3 of the MCA territory
confirmed by cranial computed tomography (CT) or magnetic
resonance imaging (MRI), with or without the territories of
anterior and/or posterior cerebral artery additionally affected
(5-7, 31). (3) Type of intervention: hypothermia was defined
as a treatment in which the core body temperature was
maintained at <36°C, which could be achieved in different
ways, including endovascular cooling, surface cooling, or
even using pharmacological strategies (15, 31, 32). (4)
Type of outcome measures: primary outcomes including
mortality and neurological outcome; and secondary outcomes
such as adverse events during treatment. (5) No language
restrictions, but at minimum, the study should have an abstract
in English.
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Search Strategy

The MEDLINE (OvidSP) database, Embase (OvidSP), Cochrane
Central Register of Controlled Trials (CENTRAL, OvidSP),
China Biological Medicine Database (CBM), and clinical trials
registers were searched comprehensively. The final search was
conducted on September 21, 2018. Additionally, we searched the
reference lists of selected publications, and contacted authors
for more information if necessary. Search terms that we used to
identify publications included “stroke OR brain ischemia OR
cerebrovascular disorders OR ischemia apoplexia OR cerebral
occlusion OR cerebral infarction” AND “hypothermia OR
cryotherapy OR cooling OR temperature OR normothermia”
AND “randomized controlled trial OR randomized OR
controlled clinical trial.” The search strategies we used in
MEDLINE (OvidSP) are shown in Supplementary Table 1.

Study Selection and Data Extraction

Two reviewers (JL and YHG) carried out the study selection
and data extraction independently throughout the process. In the
first sift-prescreening after pretest, two reviewers screened the
titles and abstracts independently to identify studies that could
be included in the next section. In the second sift-selection after
pretest, the two reviewers went through the full texts for studies
that met the eligibility criteria. Similar pretests were conducted
throughout the process. Next, the two reviewers extracted data
from every report using a pre-designed electronic form for data
collection. The differences were resolved by discussion, and
a third reviewer (LXW) acted as a mediator if an agreement
could not be reached. We also established contact with the
corresponding authors to get extra information if required.

The data were extracted as follows: (1) first author, publication
year, country of origin, and publication type; (2) participant
characteristics: sex, age, and baseline National Institutes of
Health Stroke Scale (NIHSS) score; (3) type of intervention: the
method of inducing hypothermia, target temperature, duration
of hypothermia, rewarming rate, whether the patient underwent
DHC or did not undergo DHC in the hypothermia group,
whether normothermia was maintained, and whether patients
underwent DHC in the control group; (4) type of outcome
measures: mortality, neurological outcome [assessed by the
modified Rankin scale (mRS), Barthel index (BI), or NIHSS],
adverse events during treatment (incidence of intracranial
hypertension or developing herniation in the rewarming
process), adverse events related to hypothermia (such as
bleeding events, infections, hyperglycemia, cardiac arrhythmia,
hypotension, and shivering), and time points of measurement.

Quality Assessment

The study quality was assessed using the Cochrane Handbook
as a reference for risk of bias (29). It consisted of seven
items: random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias),
selective outcome reporting (reporting bias), and other bias.
These items were judged as either low risk, high risk, or

576 records from MEDLINE,
166 records from EMBASE,
404 records from CENTRAL,
2398 records from CBM, 153
records from clinical trials
registers

3696 of records
identified through

database
searching

3 of additional
records identified
through other
sources

¥

3382 of records after
duplicates removed

3382 of records 3307 of records

screened excluded
70 of full-text
articles excluded,
for not LHI and
type of
intervention not
meet the included
criteria (n=10),
not LHI and/or
patients not
randomized to the
treatment and
control group

75 of full-text =601

articles assessed 2 studies added

for eligibility to ongoing studies

3 of studies

included in

qualitative

synthesis

3 of studies

included in

quantitative

synthesis

(meta-analysis)

FIGURE 1 | Flow diagram of study selection for the meta-analysis. CENTRAL,
Cochrane Central Register of Controlled Trials; CBM, China Biological
Medicine Database; LHI, large hemispheric infarction.
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unclear. Two reviewers (JL and YHG) assessed the risk of bias
independently. Inconsistencies were solved by discussion, and a
third reviewer (LXW) was involved if they were not resolved.

Statistical Analysis

For dichotomous outcomes, mortality, neurological outcome
of survivors as assessed by mRS (0-3 vs. 4-5), and adverse
events during treatment, risk ratios (RRs) and 95% confidence
intervals (CIs) were calculated for the meta-analysis. For
continuous outcomes and neurological outcome assessed by
mRS, standardized mean differences (SMDs) and 95% CI were
used. The chi-squared test and I statistic were used to evaluate
heterogeneity across the studies. Heterogeneity was considered
as acceptable when the P-value was >0.1 or the value of I* was
<50%. If heterogeneity was acceptable, the fixed-effect model was
applied to the pooled effect estimate. If not, a sensitivity analysis
or subgroup analysis was conducted to explore heterogeneity.
A random effects meta-analysis was also conducted. Subgroup
analyses were performed based on whether the participants
underwent DHC, and on the different measurement times for
outcomes. Publication bias was evaluated with a visual inspection
of a funnel plot, specifically when there were more than 10
studies included in the meta-analysis (29). Meta-analyses were
performed though RevMan V.5.3 software, and a result was
considered statistically significant if the P-value was <0.05.

RESULTS

Study Selection and Characteristics

There were 3,699 records identified, including 3,696 records from
the five databases and three records obtained from searching
the reference lists. After removing duplicates, 3,382 records were
screened for their titles and abstracts. A total of 75 articles
required reading of the full texts, and 70 of them were excluded.
Two studies were added to ongoing studies (33, 34). Finally, three
studies (21, 24, 35) were included in qualitative synthesis and
meta-analysis (Figure 1).

Three RCTs published between 2006 and 2018 with 131
participants were included. Two studies were conducted in
China, while one was conducted in Germany. All of the three
studies had reported the age, gender, and baseline NIHSS of
the two groups, and two of these studies had elaborated on
patients’ underlying diseases. For baseline of the three studies, no
statistical significance was found between the hypothermia group
and the control group, apart from one study in which age and
gender were not comparable (21). All of the three studies had
described at length the phases of induction, maintenance, and
rewarming for hypothermia, and normothermia was maintained
in the control groups. Mortality was measured within the first
week after onset of LHI, and at 3 and 6 months of follow-up.
Neurological outcome was assessed by mRS, which was expressed
as mean =+ standard deviation (SD) in one study, while in the
other two studies, ranking from 0 to 3 was defined as a good
neurological outcome for survivors. Out of the two studies,
one study listed the mRS for each participant included, which
could be used for calculating mean and SD. Adverse events were

observed during treatment in three studies. Characteristics of the
three studies are shown in Table 1.

Risk of Bias Within Studies and Publication

Bias

The seven items for risk of bias are shown
graphically  (Supplementary Figure1) and summarized
(Supplementary Figure2) in supplemental data. Both

performance bias and detection bias were assessed separately
based on whether the outcomes were subjective or objective. Lack
of blinding for mortality was unlikely to influence performance;
therefore, we judged this factor as low risk of bias for all studies.
For detection bias, lack of blinding for mortality and adverse
events were unlikely to influence the outcome assessment;
thus, we judged these factors as low risk of bias for all studies.
Publication bias could not be assessed by examining a funnel
plot because of the limited number of included studies.

Primary Outcomes

Mortality

All of the three studies reported mortality (n = 131). Our
analysis did not find a statistically significant association between
hypothermia and mortality when compared with subjects who
maintained normothermia (RR, 1.12; 95% CI, 0.76-1.65). There
was no heterogeneity observed across studies (P = 0.80; I* = 0%).
The results of meta-analysis are presented in Figure 2.

Neurological Outcome

Three studies reported neurological outcome as assessed by mRS.
Two of them presented it as a dichotomous variable of good
neurological outcome for survivors (n = 54 participants). As
seen in Figure 3, hypothermia was associated with a significantly
higher incidence of good neurological outcome for survivors than
for subjects who maintained normothermia (RR, 2.09; 95% CI,
1.14-3.82). No heterogeneity was found between these studies (P
= 0.89; I = 0%). The values were expressed as mean & SD of
mRS in two studies (n = 58 participants). As shown in Figure 4,
we found a significant association between hypothermia and a
lower level of mRS compared with subjects who maintained
normothermia (SMD, —0.54; 95% CI, —1.07 to —0.01). It showed
low heterogeneity between the two studies (P = 0.19; I = 41%).

Secondary Outcomes

Incidence of Intracranial Hypertension or Developing
Herniation in Rewarming Process

Only one study with 73 participants reported data in which
herniation developed in the rewarming process. Herniation
during the rewarming process following hypothermia was
not significantly higher than after normothermia (RR, 1.46;
95% CI, 0.45-4.74). No study had details for incidence of
intracranial hypertension.

Adverse Events Related to Hypothermia

All of the three studies reported the adverse events related to
hypothermia, while one study had no details for the hypothermia
group or the control group, and thus was excluded. In total,
106 participants were included in the analysis. There were
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TABLE 1 | Characteristics of the included studies and participants.

References Country  Women/n Age, years Baseline NIHSS Intervention Outcomes and time points
(mean + SD) (mean + SD)
HG CG
HG CG HG CG HG CG Induced Target Duration of Rewarming DHC Temperature DHC Mortality Neurological
hypothermia temperature hypothermia rate outcome
Elsetal. (24) Germany 6/12 4/13 49+ 1249+6 18+2 1942 10 patients via  35°C 48h 1°C/24h Underwent  Maintained Underwent Within the At 6 months of
2006 endovascular normothermia first week  follow-up
cooling; 2 after the
patients via onset
surface cooling
Suetal. (21) China 1/16 7/17 59.8+ 685+ 19.7 + 20.4 &+ Endovascular 33 or 34°C 24-72h Raised 0.5°C  Did not Maintained Did not At 6 At 6 months of
2016 8.6 8.5 2.9 3.8 cooling every 12h; undergo normothermia undergo  months of follow-up
rewarming rate follow-up
was 0.1°C/h
Liang etal.  China 7/37 11/36 612+ 60.6+ 19.6+ 19.7 £ Surface cooling 32-35°C 5-7 days Duration of Did not Maintained Did not At 3 At 3 months of
(35) 2018 6.2 5.8 2.4 2.6 more than 8h  undergo normothermia undergo  months of follow-up
from 34 to follow-up
36°C;
rewarming
phase, more
than 12h

HG, hypothermia group; CG, control group; SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale score; DHC, decompressive craniectomy; RCT, randomized controlled trial.
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Hypothermia Cotrol Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
1.1.1 During hospitalization; undergo decompressive craniectomy
Els 2006 1 12 2 13 7.4% 0.54 [0.06, 5.24]
Subtotal (95% CI) 12 13 7.4%  0.54[0.06, 5.24] e -
Total events 1 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.53 (P = 0.60)
1.1.2 At the end of follow up; not undergo decompressive craniectomy
Liang 2018 20 37 17 36 66.4% 1.14[0.73, 1.81]
Su 2016 8 16 7 17 26.2% 1.21[0.57, 2.57]
Subtotal (95% CI) 53 53 92.6% 1.16 [0.79, 1.72]
Total events 28 24
Heterogeneity: Chi? = 0.02, df =1 (P = 0.90); I = 0%
Test for overall effect: Z = 0.77 (P = 0.44)
Total (95% CI) 65 66 100.0% 1.12[0.76, 1.65]
Total events 29 26 ‘ . ‘ .
Heterogeneity: Chi2 = 0.45, df = 2 (P = 0.80); I = 0% . ! : y 4
Test fo?overzll effect: Z=0.57 (P(= 0.57) ) b1 o . / 10 100
) . Favours [Hypothermia] Favours [Control]
Test for subaroup differences: Chi2 = 0.42. df =1 (P = 0.51). 12 = 0%
FIGURE 2 | Meta-analysis of association between hypothermia and the mortality of large hemispheric infarction (LHI).
Hypothermia Cotrol Risk Ratio Risk Ratio
Even Even | Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 Three months(good outcome: mRS 0 to 3)
Liang 2018 9 17 5 19 57.0%  2.01[0.84, 4.83] T
Subtotal (95% ClI) 17 19 57.0% 2.01[0.84, 4.83] -
Total events 9 5
Heterogeneity: Not applicable
Test for overall effect: Z=1.56 (P = 0.12)
1.3.2 Six months(good outcome: mRS 0 to 3)
Su 2016 7 8 4 10 43.0% 2.19[0.98, 4.88] -
Subtotal (95% CI) 8 10 43.0% 2.19 [0.98, 4.88] -
Total events 7 4
Heterogeneity: Not applicable
Test for overall effect: Z=1.91 (P = 0.06)
Total (95% CI) 25 29 100.0% 2.09 [1.14, 3.82] D
Total events 16 9 . _ . .
Heterogeneity: Chi? = 0.02, df =1 (P = 0.89); I2 = 0% i i ! 1
Test fof'J overZII effect: Z=2.39 (P(= 0.02) ) R o d 10 : 100
- . Favours [Control] Favours [Hypothermia]
Test for subaroup differences: Chi? = 0.02. df =1 (P = 0.89). 12 = 0%
FIGURE 3 | Meta-analysis of association between hypothermia and a good neurological outcome for survivors.

significantly higher risks of gastrointestinal bleeding (RR, 3.24;
95% CI, 1.62-6.49), gastric retention (RR, 2.43; 95% CI, 1.47-
3.99), and electrolyte derangement (RR, 1.59; 95% CI, 1.12-2.28),
following hypothermia compared with following normothermia.
There were no significant differences found in the association
between hypothermia and incidences of pneumonia (RR, 1.40;
95% CI, 0.87-2.25), cardiac arrhythmia (RR, 1.20; 95% CI, 0.75-
1.91), hemorrhagic transformation (RR, 0.67; 95% CI, 0.20-
2.23), hyperglycemia (RR, 1.36; 95% CI, 0.68-2.69), hypotension
(RR, 1.87; 95% CI, 0.76-4.60), and acute kidney injury (RR,
5.00; 95% CI, 0.90-27.71) compared with normothermia.

Significant associations were found between hypothermia and
shivering (RR, 5.84; 95% CI, 1.88-18.12) in one study with
73 participants. Only one study with 33 participants looked at
venous thrombotic events, and no significant associations were
found (RR, 2.13; 95% CI, 0.45-10.05). These findings are shown
in Supplementary Figure 3.

There was low heterogeneity detected between studies for
adverse events related to hypothermia, with the exception of
substantial heterogeneity for hyperglycemia (P = 0.06; I
72%). A random effects model was applied for hyperglycemia
(RR, 1.89; 95% CI, 0.28-12.57); however, it did not change the
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Hypothermia Cotrol Std. Mean Difference Std. Mean Difference
r r Mean D Total Mean D Total Weigh 1V, Fix % Cl 1V, Fixed. 95% CI
1.4.1 Undergo decompressive craniectomy
Els 2006 2 1 12 3 1 13 40.1% -0.97 [-1.80, -0.13] -
Subtotal (95% Cl) 12 13 401%  -0.97 [1.80, -0.13] -
Heterogeneity: Not applicable
Test for overall effect: Z = 2.26 (P = 0.02)
1.4.2 Not undergo decompressive craniectomy
Su 2016 431 185 16 471 126 17 59.9% -0.25[-0.93, 0.44] I
Subtotal (95% CI) 16 17 59.9% -0.25[-0.93, 0.44]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.71 (P = 0.48)
Total (95% CI) 28 30 100.0%  -0.54[-1.07, -0.01] L 4
Heterogeneity: Chiz = 1.70, df = 1 (P = 0.19); 12 = 41% 4 2 5 2 i
Test for overal effe(;t: Zi=41.98 (P‘= 0.05) Favours [Hypothermia] Favours [Control]
Test for subaroup differences: Chiz = 1.70. df =1 (P = 0.19). 12 = 41.0%
FIGURE 4 | Meta-analysis of association between hypothermia and a low level of mRS for large hemispheric infarction (LHI).

result much (P = 0.07; I* = 70%) (Supplementary Figure 4). As
described in Cochrane Handbook, it is questionable to investigate
heterogeneity when the involved studies are few. We chose not to
perform meta-analysis for hyperglycemia, as the effect estimate
was pooled from only two studies. The final results are shown
in Table 2.

Subgroup Analyses

For mortality, subgroup analyses were performed according
to whether the participants underwent DHC or did not
undergo it, and at different measurement time points during
hospitalization or at the end of follow up. Neither participants
with DHC nor without DHC showed a statistically significant
association with mortality (RR: 0.54, 95% CI, 0.06-5.24; RR:
1.16, 95% CI, 0.79-1.72, respectively). No significant associations
were found between hypothermia and mortality compared
with normothermia, neither during hospitalization nor at
the end of follow-up (RR: 0.54, 95% CI, 0.06-5.24; RR:
1.16, 95% CI, 0.79-1.72, respectively). Both subgroup analyses
are shown in Figure2. For neurological outcome as well,
subgroup analyses were conducted according to whether the
participants underwent DHC or did not undergo it, and at
measurement time of 3 or 6 months of follow-up. For patients
who underwent DHC, a statistically significant association
between hypothermia and neurological outcome was observed
compared with normothermia (RR, —0.97; 95% CI, —1.80 to
—0.13). Comparing hypothermia with normothermia, the time
at which outcomes were measured did not significantly affect the
results (Figures 3, 4).

DISCUSSION

This systematic review included three RCTs to evaluate the effects
of hypothermia on mortality, neurological outcome, and adverse
events. LHI is associated with high mortality and disability
rate. The major reasons for it could be the brain swelling that
occurs within 1-5 days after the onset of LHI, intracranial
hypertension, or even herniation (1, 2). As confirmed in a prior

meta-analysis, fever after stroke insult is highly related to an
increase in mortality and poor neurological outcome (36). In
this way, acute stroke patients might benefit from hypothermia.
Hypothermia may have multiple mechanisms of action on
ischemic stroke; for instance, it could preserve the neuronal
integrity and improve their chance of survival, decrease brain
metabolism, reduce the production of free radicals and depress
the reactions of inflammation, attenuate apoptosis, stabilize the
blood-brain barrier, and decrease the cytotoxic edema (2, 28,
37). There may be other pathways involved as well. These
benefits contribute to mitigating brain swelling, reducing ICP,
and providing neuroprotection.

Our findings showed that hypothermia was not significantly
associated with a reduction in mortality of LHI patients.
Similarly, we found that neither a previous meta-analysis with six
RCTs involving 252 patients who suffered from acute ischemic
stroke (38) nor another meta-analysis including eight trials
with 423 patients of acute stroke (39) detected a significant
reduction in mortality following hypothermia. The correlative
factors accounting for mortality in LHI patients were complex
and diverse, and that includes limited sample size, which might
have resulted in this finding. The potential correlation between
hypothermia and mortality needs to be further investigated.

In our review, neurological outcome was assessed by the
mRS, which is widely used to measure neurological outcome for
stroke patients in RCTs. The pooled estimate showed that there
was statistically significant association between hypothermia and
good neurological outcome for survivors. Additionally, there
was significant association of hypothermia with improvement in
neurological outcome. These positive effects are likely due to the
neuroprotection of hypothermia. Our findings were consistent
with several clinical studies conducted on LHI patients (21-
24, 40). Some of these were case series reports or case control
study that provided insufficient evidence for hypothermia (22,
23, 40). The other RCTs only found a trend of hypothermia
leading to good neurological outcome, with conclusions drawn
cautiously (21, 24). The sample sizes of these individual studies
were so small that no effects were detected, but it was likely
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TABLE 2 | The results of meta-analysis for adverse events during treatment.

Group/subgroup No. of studies Adverse events/n Test for heterogeneity Test for all effect Analysis model Meta-analysis

HG CG ? P z P Risk ratio  95% CI
Developed herniation in the rewarming 1 6/37 4/36 = - 0.63 0.53 Fixed effect 1.46 (0.45, 4.74)
process
Pneumonia 2 25/53 18/53 39% 0.20 1.37 0.17 Fixed effect 1.40 (0.87, 2.25)
Cardiac arrhythmia 2 22/53 18/53 33% 0.22 0.77 0.44 Fixed effect 1.20 (0.75,1.91)
Hemorrhagic transformation 2 4/53 6/53 0% 0.82 0.66 0.51 Fixed effect 0.67 (0.20, 2.23)
Gastrointestinal bleeding 2 26/53 8/53 0% 0.65 3.32  0.0009 Fixed effect 3.24 (1.62, 6.49)
Gastric retention 2 31/53 13/53 0% 0.79 3.49  0.0005 Fixed effect 2.43 (1.47, 3.99)
Hyperglycemia 2 15/53 11/53 72% 0.06 0.87 0.38 Fixed effect 1.36 (0.68, 2.69)
Hypotension 2 11/53 6/53 0% 0.77 1.36 0.17 Fixed effect 1.87 (0.76, 4.60)
Electrolyte derangement 2 35/53 22/53 0% 0.45 2.56 0.01 Fixed effect 1.59 (1.12,2.28)
Shivering 1 18/37 3/36 - - 3.05 0.002 Fixed effect 5.84 (1.88, 18.12)
Acute kidney injury 2 7/53 1/53 0% 0.96 1.84 0.07 Fixed effect 5.00 (0.90, 27.71)
Venous thrombotic events 1 4/16 2/17 - - 0.95 0.34 Fixed effect 213 (0.45, 10.05)

HG, hypothermia group, CG, control group.
*Only one study was included and heterogeneity test was not done.

that we would enhance the estimation of treatment effect
when we combined these studies. However, in a prior meta-
analysis for acute ischemic stroke, no significant association was
revealed between hypothermia and neurologic outcome (38). The
different definitions of neurological outcome and the inclusion
of mild or moderate stroke patients might explain this difference
between the results in the different studies.

We found that hypothermia was a double-edged sword; it
had some benefits in the neurological outcome of LHI patients,
but there was an increase in adverse events during treatment as
well. The most serious adverse event we noted was the incidence
of intracranial hypertension or herniation developing in the
rewarming process, which likely results in death of the patient.
A rebound increase in ICP during or after rewarming had been
observed in several studies (25-27). Prolonging the rewarming
phase might be conducive to controlling this unfavorable
situation (25, 26). However, the rewarming duration (<12 or
>12h) had no significant effect on mortality or neurological
outcome for acute ischemic stroke in a preceding meta-analysis
(38). In our meta-analysis, we found that LHI patients did
not likely risk a higher incidence of developing herniation
in the rewarming process, but the evidence was insufficient
as only one study examined this. There were no studies
that reported intracranial hypertension following hypothermia
in these patients. Further research is needed to clarify this
issue. However, we found that hypothermia was significantly
associated with a higher risk of gastrointestinal bleeding,
gastric retention, electrolyte derangement, and shivering. No
significant differences were detected between hypothermia
and normothermia in relation to subsequent pneumonia,
cardiac arrhythmia, hemorrhagic transformation, hyperglycemia,
hypotension, acute kidney injury, and venous thrombotic events.
A meta-analysis by Wan et al. (38) found a significant difference
between hypothermia and standard treatment in the incidence of
pneumonia for acute ischemic stroke. However, the conditions of

the patients in our study were more severe than those in the study
by Wan et al., which might account for this inconsistency. The
patients in our study were usually more likely to be dysphagic and
unconscious, which gave rise to pneumonia (41). Generally, the
common adverse events related to hypothermia were not fatal,
including pneumonia, bradycardia, hypotension, shivering, and
coagulopathy (21-23, 25). Although these adverse events could
be managed, the safety of hypothermia remained to be evaluated
for LHI. EuroHYP-1 (European multicenter, randomized, phase
III clinical trial) was conducted to assess whether hypothermia
could improve functional outcome at 3 months for awake acute
ischemic stroke patients. The enrollment was halted after 98
patients instead of the original 6-year target of 1,500 patients
in 36 trial sites. Furthermore, just one-third of patients who
were randomized to receive hypothermia had achieved the
cooling target. The most important reason for not reaching
the predefined target was shivering (42). Hypothermia may be
more operable in LHI patients than in awake acute ischemic
stroke patients, as most LHI patients are not conscious. Because
of these difficulties, such studies are challenging to perform.
There was low heterogeneity detected between studies for all
outcomes related to hypothermia, except for hyperglycemia. The
varied definition of hyperglycemia, with different levels of blood
glucose, may be the source of this heterogeneity.

Subgroup analyses were conducted based on patients
who underwent DHC or did not undergo it and at different
measurement times. For patients who underwent DHC,
statistical significance was detected between hypothermia and
normothermia in terms of neurological outcome. A study
has shown that LHI patients might achieve more advantages
from combining hypothermia with DHC compared with DHC
alone (24). DHC has been widely used for LHI patients to
decrease ICP directly. When comparing hypothermia with DHC,
similar maximal ICP values were found in the two groups,
and no statistical significance was reached in the increased
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incidence of ICP beyond 20 mmHg (27). The combination of
hypothermia and DHC has been promising. Two RCTs about this
approach are under way, including Decompressive Craniectomy
Combined with Mild Hypothermia in Patients with Large
Hemispheric Infarction (ChiCTR-TRC-12002698) (33) and
Decompressive Surgery Plus Hypothermia for Space-Occupying
Stroke (DEPTH-SOS, DRKS00000623) (34). As reported, it
took 5-6 months after stroke onset for spontaneous recovery
of neurological outcome to reach a plateau, particularly in
more severe stroke cases (43). However, there was no statistical
significance for different measurement time in our review, which
might be due to the small sample size.

We note several strengths in our study. First, our review
was conducted strictly in accordance with the Cochrane
Handbook; our analytic plan was pre-specified in protocol with
a rigorous and scientific methodology. Second, our literature
search was comprehensive, with neither language restrictions nor
publication status limitations. After searching comprehensively,
only three RCTs were included in our review. We found that
the small sample size was an inherent limitation in this type
of clinical trial due to the complexity and variability of LHI
patients, clinical studies were too difficult to carry out. Third,
the three RCTs were assessed to have a low risk of bias in
general, which increased the reliability of the results. Fourth,
we conducted subgroup analyses on participants who underwent
DHC or did not undergo it, which might act as an alert to the
possible advantages of combining hypothermia and DHC for the
management of LHI. Finally, we found that hypothermia might
contribute to improving neurological outcome after pooling
effect estimates, a result which was not obvious in individual
studies. To conclude, this is the first systematic review and meta-
analysis performed to investigate the effect of hypothermia on
patients with LHI.

Several limitations in our study merit careful consideration.
The main shortcomings are the very few studies and the
small sample size of patients included in our meta-analysis.
Unfortunately, the strength and quality of evidence might be
restricted by this paucity, which ought to be taken cautiously
in clinical practice. However, a small number of studies does
not mean the results are meaningless. Many systematic reviews
from the Cochrane Library include less than three studies, or
even none, but they are still considered clinically important (44—
47). Although the number of studies was small, we hope to
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