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Background and Purpose—Therapeutic hypothermia improves outcomes in experimental stroke models, especially after
ischemia-reperfusion injury. We investigated the clinical and radiological effects of therapeutic hypothermia in acute
ischemic stroke patients after recanalization.
Methods—A prospective cohort study at 2 stroke centers was performed. We enrolled patients with acute ischemic stroke in
the anterior circulation with an initial National Institutes of Health Stroke Scale ≥10 who had successful recanalization
(≥thrombolysis in cerebral ischemia, 2b). Patients at center A underwent a mild hypothermia (34.5°C) protocol, which
included mechanical ventilation, and 48-hour hypothermia and 48-hour rewarming. Patients at center B were treated
according to the guidelines without hypothermia. Cerebral edema, hemorrhagic transformation, good outcome (3-month
modified Rankin Scale, ≤2), mortality, and safety profiles were compared. Potential variables at baseline and during the
therapy were analyzed to evaluate for independent predictors of good outcome.
Results—The hypothermia group (n=39) had less cerebral edema (P=0.001), hemorrhagic transformation (P=0.016), and
better outcome (P=0.017) compared with the normothermia group (n=36). Mortality, hemicraniectomy rate, and medical
complications were not statistically different. After adjustment for potential confounders, therapeutic hypothermia (odds
ratio, 3.0; 95% confidence interval, 1.0–8.9; P=0.047) and distal occlusion (odds ratio, 7.3; 95% confidence interval;
1.3–40.3; P=0.022) were the independent predictors for good outcome. Absence of cerebral edema (odds ratio, 5.4;
95% confidence interval, 1.6–18.2; P=0.006) and no medical complications (odds ratio, 9.3; 95% confidence interval,
2.2–39.9; P=0.003) were also independent predictors for good outcome during the therapy.
Conclusions—In patients with ischemic stroke, after successful recanalization, therapeutic hypothermia may reduce risk of
cerebral edema and hemorrhagic transformation, and lead to improved clinical outcomes.   (Stroke. 2014;45:134-140.)
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T

herapeutic hypothermia (TH) is potently neuroprotective
in experimental stroke models and clinically proven to
improve outcomes in patients after cardiac arrest and neonatal
encephalopathy because of hypoxia-ischemia.1–3 Preclinical
studies show that TH is far more beneficial and consistent in
temporary middle cerebral artery (MCA) occlusion than in
permanent MCA occlusion models.4,5 Similarly in humans,
TH after cardiac arrest improves outcomes most likely by
preventing ischemia-reperfusion injury. Animal studies and
clinical trials suggest TH might be more effective in patients
with severe stroke with successful recanalization by providing
neuronal protection.1,2
The recanalization rates of intravenous recombinant tissuetype plasminogen activator for proximal arterial occlusion are
low.6 Moreover, previous in vitro analyses reported that the
activity of tissue-type plasminogen activator was considerably
reduced during therapeutic cooling experiments.7,8 Combination
trials of intravenous thrombolysis and hypothermia are ongoing.

Despite preliminary trials of TH in patients with acute ischemic stroke, no large randomized trials of TH in acute ischemic stroke exist.9 Previous stroke trials have reported that TH
is associated with increased risk of pneumonia or infectious
complications.9,10 However, in patients undergoing TH for cardiac arrest, TH has not been associated with an increased risk
of pneumonia.3 Moreover, a recent study reported that despite
the association of TH with an increased risk of pneumonia,
longer duration of intensive care unit stay, and prolonged
mechanical ventilation dependency, these factors did not
affect neurological outcome and intensive care unit survival.11
We investigated the effects of mild hypothermia (34.5°C) in
intubated patients with adequate sedation during a period of
48 hours of cooling and 48 hours of rewarming. All patients
had large hemispheric acute ischemic strokes (anterior circulation involvement with initial National Institutes of Health
Stroke Scale [NIHSS], ≥10), and their occlusive lesions were
successfully recanalized with endovascular confirmation.
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Clinical and radiological factors were compared between
TH patients and conventionally treated controls. Our primary
hypothesis was that TH would be associated with improved
radiological and clinical outcomes.

Patients with presumed pneumonia or urinary tract infection were
actively treated with appropriate antibiotics. Other bowel and bladder
care was performed according to the usual standard clinical practice.

Subjects and Methods

On initial noncontrast CT, the Alberta Stroke Program Early CT
Score (ASPECTS) was evaluated.14 Angiographically, the status of
the recanalization was graded as thrombolysis in cerebral ischemia
≥2b: grade 0, no perfusion; grade 1, minimal perfusion; grade 2a,
partial filling of less than one-half the occluded arterial distribution;
grade 2b, partial filling of one-half or greater of the occluded arterial
distribution; and grade 3, full perfusion.
A 48-hour CT scan was obtained. Hemorrhagic transformation
(HT) was classified into 4 subtypes: hemorrhagic infarction type 1:
small petechiae along the margins of the infarct; hemorrhagic infarct
type 2: confluent petechiae within the infarcted area but without a
space-occupying effect; parenchymal hematoma type 1: hematoma in
<30% of the infarcted area with some space-occupying effect; and a
parenchymal hematoma type 2: hematoma in >30% or the infarcted
area with a substantial space-occupying effect.15 Brain edema was
classified as grade 1: effacement of the cortical sulci; grade 2: ventricular asymmetry; and grade 3: midline shift.16 The comprehensive
imaging analyses from 2 institutes was performed by consensus of
neurologists blinded to laboratory and clinical outcomes. CT scans
were performed on admission and 24 to 36 hours (48 hours) after
cerebral angiography confirming relevant vessel recanalization.
Additional CT scans were obtained if necessary. MR scans including
DWI for stroke burden were also undertaken on admission and 5 days
after symptom. Infarction volume was calculated by multiplying the
area of the lesions on initial DWI and section thickness. DWI lesions
were categorized as cortical, subcortical, and combined patterns.

Patient Selection
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Between March 2010 and June 2012, patients consecutively admitted to 2 tertiary care hospitals were enrolled. Both stroke centers
used a common critical pathway for thrombolysis. On presentation,
computed tomographic (CT) scans were obtained and early ischemic
signs were interpreted according to the documented protocol. Within
3 hours from onset, intravenous tissue-type plasminogen activator was
administrated. Patients with suspicion for large vessel occlusion given
CT angiography or clinical syndrome and without contraindications
for endovascular treatment were brought to the angiographic suite.
Intra-arterial treatment was considered as long as the onset-to-decision
interval was <5 hours, regardless of intravenous tissue-type plasminogen
activator infusion. Conscious sedation during intra-arterial procedure
was chosen to reduce delay to next treatments. MR scans for strokes
were obtained while preparing for angiography. Admission characteristics including demographic data, vascular risk factors, stroke pathogenesis, laboratory and neurological scales were collected.
Inclusion criteria for this study were (1) ischemic stroke involving the anterior circulation (NIHSS, ≥10); (2) acute infarction with
diffusion-weighted imaging (DWI) confirmation; and (3) endovascular recanalization (thrombolysis in cerebral ischemia, ≥2b) within
6 hours after symptom onset, or spontaneous recanalization.
Care in both tertiary referral stroke centers fulfilled the Brain
Attack Coalition’s standardized criteria,12 and their stroke units
have also obtained certification from the Korean Stroke Association.
Center A, Ajou University Medical Center, serves a southern area
of the Kyonggi province with a population of 4 000 000. Center B,
Chungnam National University Medical Center, serves a central area
in the southern Chumgchung province and Daegeon metropolis with
a population of 3 500 000. This study was approved by the institutional review board at both institutes.

Cooling Protocol
In center A, patients were cooled with either an endovascular cooling catheter (Alsius) placed in the inferior vena cava via a femoral
venous sheath or a surface cooling device (Arctic Sun). All cooled
patients were mechanically ventilated to provide airway protection;
midazolam was used for sedation and vecuronium for neuromuscular blockade. Cooling induction began as soon as the catheter was
placed; cooling rate was set at maximum until 35°C then was set at
34.5°C to avoid overcooling or severe complications during induction. Induction time was defined as the total time in minutes from
initial cooling to target temperature. Temperature was recorded every
hour from thermometers at the tip of endovascular sheath and at the
tip of the esophageal catheter. Core body temperatures were plotted with an esophagus temperature probe. Hypothermia therapy was
maintained for 48 hours, and rewarming was performed >48 hours
under sedation. The rate of rewarming was determined as 0.5°C of
temperature elevation per every 12 hours. Antipyretic and antishivering agents besides paralytics were not used during hypothermia.

Patient Management
All patients were treated with a standard quality of stroke care based
on international guidelines.13 In case of refractory cerebral edema
despite maximally conservative treatments such as head elevation
and osmotherapy, surgical hemicraniectomy was performed. In all
patients, a bedside swallowing assessment was performed as soon
as possible after admission to the hospital. Nutrition was supplied
via Levin tube in patients with swallowing difficulty. To prevent aspiration pneumonia, nurses frequently auscultated lungs and evaluated patients for any signs of respiratory compromise and dysphagia.

Imaging Analysis

Medical Complications
All patients had 24-hour ECG monitoring and daily cardiac enzymes
monitoring. Blood pressure and body temperature were monitored
at least every hour during intensive care unit and stroke unit administration. Gastrointestinal bleeding was monitored by observing
nasogastric tube suctioning. According to commonly used criteria,
diagnosis of early-onset pneumonia was made if there was presence
of a clinically compatible finding at auscultation and new pulmonary
infiltrate on chest radiograph (persistent for 48 hours) associated with
an increased serum white cell count.11 Serum concentrations of sodium, potassium, and magnesium were investigated every day during intensive care unit or stroke unit stay. Prothrombin time, partial
thromboplastin time, d-dimer, and fibrin degradation product were
identified for detection of coagulation abnormality. Hyperglycemia
was treated with continuous insulin therapy aimed at blood glucose
levels between 100 and 200 mg/dL.
All medical complications were recorded if they occurred during
the therapeutic period. They were classified into cardiac dysrhythmia,
electrolytes, and chemistry abnormalities, coagulopathy (bleeding of
any severity or disseminated intravascular coagulation), hypotension
requiring vasopressor therapy, deep vein thrombosis, and infectious
complications. Cardiac dysrhythmias included both asymptomatic
and serious; serious dysrhythmia was defined as those causing hemodynamic instability, requiring antiarrhythmic therapy or leading to an
interruption of TH. Deep vein thrombosis was screened via a clinical suspicion by experienced nursing staffs, and ultrasonography was
performed if the index of suspicion was high. The medical complications were comprehensively analyzed in every patient by a consensus
through during daily rounds with intensivists and neurologists. All
patients received standard stroke care in a comprehensive stroke unit
until patients became stable neurologically.

Outcome Assessment
Neurological deficit was assessed by serial NIHSS scores by certificated stroke nurses or stroke neurologists at least every 4 hours.
Neurological scales were checked daily until discharge and every 3
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month thereafter. The clinical outcome was primarily dichotomized
into good (0–2 points) and poor (3–6 points) groups using a modified Rankin Scale (mRS) score at 90 days after stroke onset. We used
other criteria for good outcome: an mRS of 0 to 1 points versus 2 to 6
points. Ninety-day mortality was observed.

Table 1. General Demographics and Recanalization Modes in
Patients With or Without Hypothermia
Hypothermia
(n=39)

No Hypothermia
(n=36)

P Value

 Age

64.5±17.0

68.1±13.3

0.314

 Men

23 (59)

18 (50)

0.435

General demographics

Statistical Analysis

Downloaded from http://stroke.ahajournals.org/ by guest on October 23, 2016

Continuous variables are shown as mean±SD or median (interquartile
range), whereas categorical variables are presented as absolute and
relative frequency. Differences were compared between groups using
a Pearson χ2 test or Fisher exact test for categorical variables, and
a Student t test or Mann–Whitney U test for continuous variables.
To predict the potential variables for good outcome (mRS<3) or
poor outcome (mRS≥3), these variables were specified into 2 types:
baseline variables (ie, general demographics, risk factors, involved
vessels, volume and patterns on DWI, recanalized modalities, and recanalization status) and variables during therapy (ie, classifications
of HT, cerebral edema, hemicraniectomy, and ≥1 medical complication). To identify independent variables to predict good outcome,
2 types of variables were, respectively, entered into a univariate logistic regression model, potential factors that were not significant
(P>0.1) in the univariate analyses were sequentially deleted from the
full logistic regression models using a stepwise method. All statistical analyses were performed using commercially available software
(SPSS for windows, version 12.0; SPSS Inc, Chicago, IL). P<0.05
was considered statistically significant.

Results

 Initial NIHSS (median)
 Onset-to-CT time
(median, min)

17 (15–18)
131 (77–185)

15.5 (12–17)

0.076

108 (43–173)

0.415

 Initial ASPECTS (median)

6 (5–9)

7 (6–9)

0.453

 DWI volume (mean, mL)

80.1±115.3

66.5±138.8

0.643

26 (66.7)

23 (63.9)

0.801

6 (15.4)

6 (16.7)

0.880

10 (25.6)

8 (22.2)

0.396

Risk factors
 Hypertension
 Diabetes mellitus
 Current smoker
 Hyperlipidemia

6 (15.4)

7 (19.4)

0.643

 Cardiac problem

29 (74.4)

22 (61.1)

0.219

Involved vessels

0.279

 ICA

14 (35.9)

9 (25.0)

 MCA M1

19 (48.7)

24 (66.7)

 MCA M2

6 (15.4)

3 (8.3)

General Demographics

Involved side

We identified 75 patients (41 men; 66.2±15.4 years of age)
who met the inclusion criteria. Thirty-nine patients were in
the TH group, and 36 patients were nonhypothermia group.
Baseline characteristics (initial NIHSS or ASPECTS, DWI
volume or patterns), stroke risk factors, initial laboratory findings did not differ between TH and nonhypothermia groups
(Table 1). There were no differences of onset-to-CT time
(P=0.415) and vessel involvements (P=0.279).

 Right

21 (53.8)

17 (47.2)

 Left

18 (46.2)

19 (52.8)

12 (79.5)

26 (72.2)

 Subcortical

8 (20.5)

10 (27.8)

 Combined

19 (48.7)

13 (36.1)

2 (5.1)

2 (5.6)

Radiological and Clinical Outcomes
TH was associated with less HT (no HT: 39% versus 14%;
P=0.016) had less cerebral edema (no cerebral edema, 54%
versus 17%; P=0.001). The TH group had a higher proportion of good outcome (Figure 1; mRS≤2 at 3 months, 45%
versus 23%; P=0.017 and mRS≤1 at 3 months, 31% versus
8%; P=0.015). Mortality (15% versus 14%; P=0.855) and
hemicraniectomy rate (10% versus 14%; P=0.629) were not
different (Table 2).

Medical Complications
On average, induction time was 378±355 minutes, maintenance temperature 34.4±0.99°C, and 95% of patients were
cooled using an endovascular catheter.
Overall medical complications did not differ between TH
and nonhypothermia groups (28% versus 47%; P=0.089).
Interestingly, pneumonia occurred 8% in TH and 31% in
nonhypothermia (P=0.004). However, no differences in other
complications were observed (Table 3).

Multiple Regression Analysis for Good Outcome
To evaluate prognostic associations with hypothermia and
other variables, we analyzed 2 types of variables (Table 4):

0.926

DWI patterns
 Cortical

0.530

Recanalized modalities
 None
 IV tPA
 IA-mech or both

0.890
6 (15.3)

7 (19.4)

31 (79.5)

27 (75.0)

Data are: n (%), mean±SD, median (interquartile range). ASPECTS indicates
Alberta Stroke Program Early CT Score; CT, computed tomography; DWI,
diffusion-weighted imaging; IA, intra-arterial; ICA, internal carotid artery; IV,
intravenous; MCA, middle cerebral artery; NIHSS, National Institute of Health
Stroke Scale; and tPA, tissue-type plasminogen activator.

factors at baseline and factors during the therapy. When baseline factors were entered into the final multivariate model 1
with stepwise-backward conditional mode, TH (odds ratio,
3.01; 95% confidence interval, 1.02–8.90; P=0.047) and
involvement of MCA M2 (odds ratio, 7.32; 95% confidence
interval, 1.33–40.31; P=0.022) were independent predictors
for good outcome. Age and involvement of MCA M1 were
deleted from the final model 1.
When examining factors during therapy that impact on
clinical outcome, absence of cerebral edema (odds ratio, 5.41;
95% confidence interval, 1.61–18.17; P=0.006) and absence
of adverse events (odds ratio, 9.31; 95% confidence interval,
2.17–39.9; P=0.003) as independent predictors for good outcome, mild cerebral edema and hemicraniectomy were not
independently associated with outcome.
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Figure 1. Distribution of 3-month
modified Rankin Scale (mRS; from
0=no symptoms from stroke to
6=death) between patients who
underwent recanalization with
hypothermia and without hypothermia, indicating significant
differences (mRS, 0–1 vs 2–6 with
P=0.015; mRS, 0–2 vs 3–6 with
P=0.017).

Downloaded from http://stroke.ahajournals.org/ by guest on October 23, 2016

Discussion
In patients with stroke, use of TH after recanalization significantly reduced cerebral edema, HT, and was associated with
better clinical outcomes. After adjustment for potential confounders, TH and presence of distal, rather than proximal,
occlusion were independent predictors of good outcome. In
addition, we found the absence of cerebral edema and absence
of medical complications during the therapy to be independent outcome predictors.
Our hypothermia protocol differs from other TH trials in 4
specific ways. (1) We specifically targeted ischemia-reperfusion
injury by selecting patients with angiographically proven,
recanalized ischemic stroke; (2) we chose a target temperature
Table 2. Radiological and Clinical Outcomes in Patients With
or Without Hypothermia (n=75)
Hypothermia
(n=39)

No Hypothermia
(n=36)

HT

0.051

 None

15 (38.5)

5 (13.9)

 HT1

8 (20.5)

9 (25.0)

 HT2

1 (2.6)

7 (19.4)

 PH1

8 (20.5)

8 (22.2)

 PH2

7 (17.9)

7 (19.4)

Cerebral edema
 None

P Value
0.016 (vs all HT)

6 (16.7)

Table 3. Overall Medical Complications in Patients With or
Without Hypothermia (n=75)
Hypothermia
(n=39)

No Hypothermia
(n=36)

 Time from recanalization to
induction, min

75±21

…

 Induction time, min

378±355

…

 Maintenance temp, °C

34.4±0.99

…

 Endovascular method (ALSIUS)

37 (94.9)

…

2 (5.1)

…

 Surface method (Arctic SUN)
 ≥1 MC

0.001 (vs all CE)

P Value

Hypothermia

MCs

0.004
21 (53.8)

of 34.5°C1,2; (3) we had a relatively long duration (48 hours) of
hypothermia and controlled rewarming (additional 48 hours) to
mitigate cerebral edema and HT17,18; (4) we intubated and deeply
sedated all of our patients to prevent pneumonia and shivering.9
Preclinical and clinical studies suggest that hypothermia
is most beneficial in protecting against ischemia-reperfusion
injury.1,2,4,19,20 Our data further support this finding because we
only selected those with successful recanalization.

…
11 (28.2)

17 (47.2)

0.089

 Bradycardia

3 (7.7)

1 (2.8)

…

 Elevated CK

2 (5.1)

2 (5.6)

…

 Cardiac events (T-inversion,
non-STEMI)

1 (2.6)

0 (0.0)

…

 Mild

9 (23.1)

14 (38.9)

 Hypokalemia

2 (5.1)

0 (0.0)

…

 Midline shift

9 (23.1)

16 (44.4)

 Pulmonary edema

2 (5.1)

1 (2.8)

…

 Decreased blood pressure

1 (2.6)

0 (0.0)

…

0.015

 Pneumonia

2 (5.1)

11 (30.6)

…

Clinical outcomes
 mRS (0–1) at 3 mo

12 (30.8)

3 (8.3)

 mRS (0–2) at 3 mo

19 (48.7)

8 (22.2)

0.017

 UTI

0 (0.0)

2 (5.6)

…

 mRS (0–3) at 3 mo

22 (56.4)

14 (38.9)

0.129

 Deep vein thrombosis

0 (0.0)

0 (0.0)

…

 Mortality at 1 mo

6 (15.4)

5 (13.9)

0.855

 GI bleeding

0 (0.0)

1 (2.8)

…

 Hemicraniectomy

4 (10.3)

5 (13.9)

0.629

CK indicates creatine kinase; GI, gastrointestinal; MC, medical complication;
STEMI, ST-segment–elevation myocardial infarction, T-inversion, T-wave
inversion; and UTI, urinary tract infection.

CE indicates cerebral edema; HT, hemorrhagic transformation; mRS, modified
Rankin Scale; and PH, parenchymal hemorrhage.
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Table 4.

Multivariate Logistic Regression Analysis for Prediction of Good Outcome (mRS, 0–2)
Good Outcome
Group (n=27)

Poor Outcome
Group (n=48)

  Age, y

61.2±17.1

69.1±13.7

0.032

0.97 (0.94–0.99)

  Women, n (%)

14 (51.9)

20 (41.7)

0.395

  NIHSS (median)

17

16

0.589

7

7

125
45.8±43.8

Characteristics

Adjusted OR
(95% CI)

P Value

0.036

…

…

1.51 (0.58–3.89)

0.396

…

…

1.05 (0.89–1.23)

0.583

…

…

0.189

1.02 (0.83–1.25)

0.864

…

…

120

0.611

1.00 (0.99–1.00)

0.611

…

…

89.2±153.0

0.155

0.99 (0.99–1.00)

0.203

…

…

19 (70.4)

20 (41.7)

0.017

3.33 (1.22–9.09)

0.019

3.01 (1.02–8.90)

0.047

P Value

Crude OR
(95% CI)

P Value

Variables on baseline (model 1)
 General demographics

  ASPECTS (median)
  CT time (median, min)
  DWI volume (mean, mL)
  Hypothermia
 Risk factors, n (%)
  Hypertension
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15 (55.6)

34 (70.8)

0.182

0.52 (0.19–1.37)

0.185

…

…

  Diabetes mellitus

4 (14.8)

8 (16.7)

0.834

0.870 (0.24–3.21)

0.834

…

…

  Current smoker

7 (25.9)

8 (16.7)

0.336

1.75 (0.56–5.51)

0.339

…

…

  Hyperlipidemia

6 (22.2)

7 (14.6)

0.402

1.67 (0.50–5.62)

0.405

…

…

  Cardiac problem

17 (63.0)

34 (70.8)

0.483

0.70 (0.26–1.90)

0.484

…

…
…

 Involved vessels
  ICA

0.018
8 (29.6)

15 (31.3)

0.93 (0.33–2.59)

0.884

…

  MCA M1

12 (44.4)

31 (64.6)

0.44 (0.17–1.15)

0.093

…

…

  MCA M2

7 (25.9)

2 (4.2)

8.05 (1.54–42.20)

0.014

7.32 (1.33–40.31)

0.022

 DWI patterns

0.365

  Cortical

8 (29,6)

17 (35.4)

0.77 (0.28–2.12)

0.610

…

…

  Subcortical

9 (33.3)

9 (18.8)

2.17 (0.74–6.38)

0.160

…

…

  Combined

10 (37.0)

22 (45.8)

0.69 (0.27–1.83)

0.461

…

…

 Recanalized modalities

0.885

  None

1 (3.7)

3 (6.3)

0.58 (0.06–5.83)

0.641

…

…

  IV tPA

5 (18.5)

8 (16.7)

1.14 (0.33–3.90)

0.839

…

…

21 (77.8)

37 (77.1)

1.04 (0.34–3.22)

0.945

…

…

  IA-mech or both
 Recanalization

0.280

  TICI 2b

13 (48.1)

17 (35.4)

1.69 (0.65–4.41)

0.282

…

…

  TICI 3

14 (51.9)

31 (64.6)

0.59 (0.23–1.54)

0.282

…

…

  None

5 (18.5)

12 (25.0)

1.90 (0.66–5.49)

0.236

…

…

  HT1

1 (3.7)

7 (14.6)

0.68 (0.21–2.20)

0.521

…

…

  HT2

10 (37.0)

10 (20.0.8)

0.23 (0.03–1.94)

0.175

…

…

  PH1

6 (22.2)

10 (20.8)

1.09 (0.35–3.41)

0.888

…

…

  PH2

5 (18.5)

9 (18.8)

0.99 (0.29–3.31)

0.980

…

…

  None

16 (59.3)

11 (22.9)

4.89 (1.76–13.58)

0.002

5.41 (1.61–18.17)

0.006

  Mild

3 (11.1)

20 (41.7)

0.18 (0.05–0.66)

0.010

…

…

  Midline shift

8 (29.6)

17 (35.4)

0.77 (0.28–2.12)

0.610

…

…

<0.001

…

…

9.31 (2.17–39.90)

0.003

Variables during the therapy (model 2)
 HT

0.412

 Cerebral edema

0.003

 Surgery
  Hemicraniectomy
 No MCs

0.016
0 (0.0)

9 (18.8)

24 (88.9)

23 (47.9)

0.00 (0.00 -)
<0.001

8.70 (2.31–32.78)

0.001

ASPECTS indicates Alberta Stroke Program Early CT Score; CI, confidence interval; CT, computed tomography; DWI, diffusion-weighted imaging; HT, hemorrhagic
transformation; IA, intra-arterial; ICA, internal carotid artery; IV, intravenous; MC, medical complication; MCA, middle cerebral artery; mech, mechanical; NIHSS, National
Institutes of Health Stroke Scale; OR, odds ratio; PH, parenchymal hemorrhage; TICI, thrombolysis in cerebral ischemia; and tPA, tissue-type plasminogen activator.

The ideal target temperature for neuroprotection is yet to be
established. Current guidelines recommend a target temperature of 32°C to 34°C in patients with return of spontaneous

circulation after cardiac arrest.21 However, hypothermia can
lead to a number of undesirable physiological changes or side
effects, such as hypovolemia attributable to cold diuresis,
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cardiovascular changes, electrolyte disorders, impaired coagulation cascade, shivering, and increased infection risk.22 The
risk of hypotension is increased >6-fold with a target temperature of 32°C compared with target temperatures of 33°C and
34°C.23 The success of any TH study depends on the control of
these side effects. We chose a target temperature of 34.5°C to
try to avoid undesirable complications of TH while still gaining neuroprotective properties of TH.19,24
Compared with the previous trials on cardiac arrest and
acute ischemic stroke,1,2,9 our protocol had a longer duration of
cooling and rewarming. Clinical deterioration after ischemic
stroke attributable to HT and cerebral edema usually occurs
between 2 and 5 days after stroke.25,26 A study in 215 patients
with severe traumatic brain injury treated with TH, long-term
cooling (5 days) was more efficacious than short-term cooling
(2 days).17 Long-term cooling was associated with a significant reduction in intracranial pressure and improved clinical
outcomes, with no difference of medical complications.17
Interestingly, short-term hypothermia was associated with a
significant rebound intracranial pressure effect after rewarming that was not seen in long-term hypothermia.17 The time
course of edema after stroke and extrapolation from traumatic
brain injury hypothermia studies suggest a prolonged course
of TH with slow and controlled rewarming may be important
for the success of TH protocols for patients with stroke.
In preliminary stroke trials, the higher rates of pneumonia
during TH have been a concern.9,10 Transient immune suppression from stroke itself and aspiration attributable to the shivering treatment with meperidine have been implicated as causes
for the increased risk of pneumonia.9 Aspiration during TH
seems to be the likely culprit given no increase in risk of other
infections. Additionally, an increased risk of pneumonia has
not been seen during TH for cardiac arrest. A meta-analysis of
studies of TH for cardiac arrest reported no proportional differences of pneumonia between TH and historical controls.3
In another meta-analysis in TH patients after cardiac arrest,
besides arrhythmia and hypokalemia, serious complications
were rare, and no difference in pneumonia was found between

TH and normothermia groups.27 One difference between cardiac arrest TH studies and stroke TH studies is intubation and
mechanical ventilation. Our study suggests that intubation
and mechanical ventilation of patients with stroke may protect
against pneumonia. The low rates of pneumonia in our TH
group compared with other studies suggest the importance of
a secure airway for the prevention of pneumonia.
A strength of our study is the focus on the possible mechanism of the impact of hypothermia on outcomes. An antiedema mechanism to explain the beneficial effect of moderate
TH in the treatment of severe space-occupying MCA infarction has been suggested.10 TH has been shown to prevent
perihemorrhagic edema in patients with large spontaneous
intracerebral hemorrhage.18 Our study corroborates similar
antiedema properties of prolonged TH (Figure 2). The brain
is notably susceptible to oxidative stress because of its high
consumption of oxygen and high concentration of oxidative
injury-prone substrates. After stroke, excessive production of
free radicals leads to breakdown of the blood–brain barrier,
which contributes to cerebral edema and brain hemorrhage.28,29
This leads to a rapid reduction of scavenger antioxidants in
blood after stroke and more remarkably after recanalization.30
TH reduces the temperature in damaged brain, attenuates all
processes of the ischemic cascade, blocks generation of free
radical species, and halts the deleterious pathways leading to
brain edema.31,32 This mechanism may be most profound in
patients after large vessel recanalization as reperfusion of a
large stroke may accelerate neuronal damage.6,33,34
Our study has some limitations. First, our study is a pilot
study and should be interpreted with caution. Despite wellbalanced baseline characteristics and a homogenous population, hidden biases between populations and differences in
care between the 2 centers may exist. The trend toward higher
NIHSS and infarct volume, and lower ASPECTS in the HT
center suggests subtle differences but strengthens the associations found. Second, differences in treatment protocols,
besides TH, are possible and may have been the basis for
differences in rates of medical complications. To minimize

Figure 2. Absence of edema and hemorrhagic transformation in therapeutic
hypothermia. Sequential change of the
images in 3 patients in the hypothermia
group at days computed tomography
(CT) 0, MR 0, CT 2, and MR 5 days after
admission. ASPECTS indicates Alberta
Stroke Program Early CT Score;
ICA, internal carotid artery; NIHSS,
National Institutes of Health Stroke
Scale; O, occlusion; and Spont recan,
spontaneous recanalization.
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the difference in definitions of medical complications, members from both centers adjudicated all medical complications
jointly. Third, neurologists have considerable concerns about
the inability to monitor neurological status in patients who are
sedated and paralyzed. However, through the acquisition of
pupil responses to light and repetitive CT scans, we were able
to find important clinical changes appropriately, such as herniation, cerebral edema, HT, and new onset of ischemia.
In conclusion, we found TH to be associated with a
decreased risk of brain edema, HT, and better clinical outcome. In future TH trials for acute stroke, a comprehensive
protocol emphasizing an extended period of hypothermia and
rewarming, airway protection, and vigorous medical treatments may be crucial for success. A randomized clinical trial
may be warranted to investigate the impact of hypothermia
as adjuvant therapy in patients with successful recanalization
after thrombolysis.
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