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MILD HYPOTHERMIA IN ACUTE ISCHEMIC STROKE AFTER THROMBOLYTIC 
THERAPY: A PROSPECTIVE, OPEN, RANDOMIZED, SINGLE- CENTER, SAFETY 
AND FEASIBILITY STUDY 
 
PRINCIPAL INVESTIGATOR: Prof. Markku Kaste, MD, PhD, Department of Neurology, Helsinki 
University Central Hospital, Helsinki, Finland. 
  
INVESTIGATORS: Katja Piironen, MD (PhD project), Turgut Tatlisumak, MD, PhD, Marjaana 
Tiainen, MD, PhD, Risto O.Roine, MD, PhD, Oili Salonen, MD, PhD, Janne Leinonen, MD, PhD, 
Ville Pettilä, MD, PhD, Kari Pulkki, MD, PhD, Jyrki Mäkelä, MD, PhD, Tommi Noponen, TkL, 
Lic.Sc, Kalle Kotilahti, DI, M.Sc, Lauri Lipiäinen, DI, M.Sc, Ms.Tiina Näsi, Mr. Jaakko Virtanen 
  
SUBJECTS: Adult male and female patients, 18- 85 years of age presenting with symptoms of 
acute ischemic hemispheric stroke within 6 hours of symptom onset, treated with Actilyse-
thrombolysis and with a persisting significant neurological deficit, NIHSS 7-20  (immediately after 
thrombolysis). 
 
STUDY OBJECTIVES: To provide initial safety and feasibility data regarding mild hypothermia in 
an acute ischemic stroke patient population using non-invasive temperature management system. 
 

1. Primary endpoint: proportion of patients who maintain temperature of < 36,0°C 80% of the 
12- hour study period. 

 
2. Safety objectives 

a. Compare hypothermia and standard care with regard to the incidence of fatal 
intracerebral hemorrhage (ICH), nonfatal symptomatic hemorrhage, infections, 
hemodynamically significant cardiac arrythmias, severe disturbance of electrolytes 
and fluid balance, thrombocytopenia, and/or serious adverse events until discharge 
or 14 days whichever comes earlier. 

b. All- cause mortality during acute phase (7 days), 1 month, and 3 months follow-up. 
c. Readmission to hospital for any reason within the 3- month follow-up period. 

 
3. Feasibility objectives 

a. Assess tolerance to and effectiveness of the shivering suppression protocol and the 
effectiveness of non- invasive temperature management system in non- intubated 
patients in achieving and maintaining the desired temperature profile. 

b. Assess the feasibility of non- invasive temperature management system in acute 
stroke unit environment.  

 
4. Efficacy objectives 

a. Compare hypothermia- treated and no-hypothermia treated patients with regard to 
functional outcome, as measured by the proportion of modified Rankin scale (mRS) 
responders at 3 months. An mRS- responder is defined as a subject with mRS 0-2 
at 3 months. 

b. Compare hypothermia and no- hypothermia with regard to BI, NIHSS, GOS, size of 
infarction in MRI, the rate and extent of hemorrhagic transformation in brain 
parenchyma and the neuropsychological outcome at 3 months. 
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ABSTRACT 
 

Ischemic stroke is a major cause of mortality and morbidity with limited therapeutic options. Only 
thrombolysis within 3 h of symptom onset and stroke unit care have shown to improve outcome. As 
only a fraction of patients receive thrombolysis and not all benefit from it, we are seeking for 
adjuvant therapies. Hypothermia has been found beneficial is numerous preclinical studies in focal 
ischemic models and recently in multicenter clinical trials in resuscitated patients with ventricular 
fibrillation or cardiac arrest. Moreover, hyperthermia frequently complicates stroke and significantly 
jeopardizes outcome. Since deep hypothermia with invasive cooling procedures necessitate 
intensive care and, therefore, requires enormous resources and is potentially complicated with 
adverse events, we aim to imply mild hypothermia (n=18) in awake patients immediately after 
thrombolytic therapy and compare the results to those of a control group receiving thrombolysis but 
not hypothermia (n=18), all treated in a stroke unit. The study will take place on the premises of 
Dept of Neurology, HUCH. This study is designed as a safety and feasibility study to pave the way 
for larger, multicenter efficacy trials.   

 

BACKGROUND 

 
Stroke is the second leading cause of death worldwide [1]. Approximately 90% of strokes are 
ischemic in nature [2]. The results of the National Institutes of Neurological Disorders and Stroke 
Trial showed that patients receiving intravenous tissue plasminogen activator (tPA) within 3 hours 
of symptom onset were significantly more likely to have an improved outcome at 90-days follow-up 
[3]. Recanalization of the occluded artery is clearly linked to improved clinical outcome [4]. 
However approximately half of the patients do not recanalize after administration of tPA [6].  

Following arterial occlusion, two factors determine tissue outcome: regional residual cerebral blood 
flow (CBF) and duration of vessel occlusion. Depending on the severity and duration of 
hypoperfusion, the tissue supplied by the occluded artery is compartmentalized into areas of brain 
tissue irreversibly damaged, and areas of brain tissue hypoperfused but viable. This led to the 
concept of ischemic core and ischemic penumbra, respectively [6]. The penumbra represents 
salvageable tissue and is dynamic. If vessel occlusion persists, the penumbra may shrink due to 
progressive recruitment into the infarct core, a process enhanced by circumstances such as 
hypotension, acidosis, and fever. Alternatively it may return to a normal state following vessel 
recanalization or neuroprotective interventions.  

 

Hyperthermia 
A rise in body temperature after cerebral ischemia produces more extensive brain damage in rats 
and dogs [7, 8, 9]. Body temperatures higher than 37.5°C were recorded in 30% of acute ischemic 
stroke (AIS) patients during the first 24 hours of stroke onset and in 60% of patients when recorded 
for 72 hours [10]. 

Fever is associated with higher stroke mortality and poor outcome. In a prospective study of 260 
patients with acute hemispheric stroke hyperthermia was independently related to higher stroke 
mortality, larger infarct volume and higher neurological deficit and dependency within the first 24 
hours from stroke onset [10]. Mortality at 3 months was 1 % in normothermic patients compared 
with 16% in patients with fever . In another prospective study of 390 stroke patients a highly 
significant association between body temperature at admission and outcome was found [11]. 
Furthermore they found that for 1° C increase in body temperature the relative risk of poor 
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outcome rose by 2.2 and that 1°C rise in body temperature was equivalent to a 15 mm increase in 
infarct diameter. Whereas hyperthermia is clearly associated with poorer outcome in humans, it is 
yet unknown whether this association is causative or epiphenomenal.  

 
Hypothermia in rodent models 

Already in the 1950’s a group of researchers found that occlusion of the middle cerebral artery in 
dogs resulted in smaller cerebral infarction when normal body temperature was lowered [12]. In 
rodent models of cerebral ischemia, hypothermia results in a significant increase in the number of 
surviving neurons as measured with histological examination after death [13-18]. In temporary 
brain ischemia models mild-to-moderate hypothermia is effective in infarct volume reduction and 
the earlier initiation of therapy offers the best clinical and radiologic benefit [19-21]. The permanent 
occlusion models show benefit when hypothermia is initiated within 1h [22, 23]. Recent studies that 
followed up animals for 2 months showed that hypothermia lasting 24 h is needed for sustained 
neuroprotection [24, 25]. Hypothermia after cerebral ischemia seems to diminish neurological 
defects [26, 27].  

The evidence from animal models of ischemic stroke indicates that hypothermia affects a wide 
range of processes involved in ischemic brain damage, which suggests a great therapeutic 
potential for hypothermic therapy to alleviate the injuries after ischemic stroke. 

 
Therapeutic hypothermia 
Therapeutic effect has also been shown in clinical trials in various disorders. Recently two large 
randomized trials showed that lowering of body temperature to 32-34°C for 12- 24 h in comatose 
cardiac arrest patients significantly improved neurological outcome [28, 29]. Survival with good 
outcome was increased by 40 %. Two separate studies have also reported that therapeutic 
hypothermia improved the outcome of newborn infants with perinatal hypoxic- ischemic brain injury 
[30, 31]. 

The depth or duration of optimal hypothermia is not known. Moreover the rate of rewarming is not 
standardized. Mild-to-moderate hypothermia is generally defined as temperatures between 32°C 
and 35° C while severe hypothermia ranges between 28°C and 32°C. The majority of clinical trials 
studying brain protection after trauma, global anoxia or focal ischemia have selected moderate 
hypothermia. The duration of the hypothermic period ranges from 12 to 48 h in different studies 
[28, 32, 33]. Rates of rewarming vary depending on the study, but many authors advocate slow 
rewarming and a rate of 0.2°C/h. 

 

Known adverse-effects of hypothermia 
Hypothermia induces shivering, vasoconstriction and fluid losses thereby affecting electrolyte 
balances, prolongs bleeding time through its effects on platelets, and suppresses the immune 
system. These adverse effects can lead to adverse effects such as hypotension, cardiac arrhytmia 
and pneumonia which are commonly reported, especially in anesthetised patients with 
temperatures of 32- 33°C.  

 

Therapeutic hypothermia in acute ischemic stroke 
There is plenty of experimental evidence of therapeutic effect of hypothermia in AIS. A Cochrane 
review on cooling therapy for acute stroke found experimental evidence of a neuroprotective effect 
of hypothermia in AIS and trials with cooling therapy are needed. 
Neuroprotectants have been studied as a method to potentially extend the time window to safely 
and effectively utilize reperfusion studies. The mechanism of neuroprotection by hypothermia is still 
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largely unknown. Hypothermia seems to counteract ischemic brain damage by several 
mechanisms:  protection of the blood-brain-barrier (BBB), minimizing brain edema, reduction of 
intracranial hypertension, maintained mitochondrial function, and down regulating cerebral 
metabolism, for example suppressing release of excitatory amino acids [34-36]. 

 

Therapeutic hypothermia in the clinical setting in acute ischemic stroke 
Therapeutic mild-to-moderate hypothermia has been tested in the clinical setting for two purposes: 
reduction of ischemic stroke volume as well as reduction of brain swelling and intracranial pressure 
after a large MCA territory infarction, where mild hypothermia is shown to be effective [37].  

There are only six clinical studies in which patients with stroke received hypothermic therapy for 
neuroprotection, aiming to reduce the stroke volume. These studies are small feasibility and safety 
studies and heterogenous in most of the variables that might determine the effect of cooling in 
stroke, such as the timing of the onset of hypothermia after stroke onset, target temperature, and 
the duration of cooling. Target temperature was 32-33°C in five studies [37- 41]. Such temperature 
reduction requires general anesthesia which brings the risk of complications. The possibility to 
monitor the clinical neurological status continuously is also lost with use of general anesthesia. 
Kammergaard and colleagues used the target temperature of 35.5°C, which allows cooling without 
anesthesia and may therefore reduce the risk of complications [42]. However the treatment may be 
less effective. The time from onset of stroke to initiation of cooling varied from 3 to 28 hours, and 
the time to required temperature from 3 to 11 hours. The duration of hypothermia varied from 6 h to 
several days. Five of the studies used surface cooling as a means to achieve target body 
temperature [37, 38, 40, 41, 42] , while COOLAID II Study utilised an endovascular device [39]. All 
of these studies concluded that hypothermia is safe and feasible in patients suffering from severe 
ischemic stroke.  

No large randomized trials investigating the effect of hypothermia in patients with stroke have been 
completed. The Nordic Cooling Stroke Study (NOCSS) is an ongoing randomised controlled study 
designed to include 1000 patients and to assess efficacy of surface cooling system in awake acute 
stroke patients.  

 

Medication needed during hypothermia treatment 
It proved to be difficult to induce mild or moderate hypothermia in unanesthetized patients because 
thermoregulatory defences are well maintained in most stroke victims. Induction of therapeutic 
hypothermia is thus complicated by the need to overcome arteriovenous shunt vasoconstriction 
and shivering. Drugs known to markedly impair thermoregulatory defences are all anesthetics or 
major sedatives which produce respiratory depression. 

Meperidine is an opioid with known antishivering properties. The downside to this drug is that 
larger doses may induce respiratory depression. The alfa2-agonists and 5-HT1A- agonists are also 
an important class of antishivering drugs that produce little respiratory toxicity. Dexmedetomidine is 
an alfa 2 - agonist that blunts the central sympathetic system thereby providing analgesia without 
altering the respiratory drive significantly [44]. The combination of meperidine and 
dexmedetomidine in healthy subjects can reduce the shivering threshold without respiratory 
depression [44]. Buspirone is a 5-HT1A-antagonist. When given alone, it can reduce the shivering 
threshold of healthy humans and is synergistic with meperidine in its antishivering properties [45]. 
The combination of medication allows for smaller doses of drugs thereby reducing the risk of 
respiratory depression. Magnesium sulfate has antishivering properties allowing it to speed the rate 
of cooling [46]. 
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Hypothermia and thrombolysis 
For a long time, researchers have tried to find ways of reducing the extent of the brain damage in 
AIS. Attemps to find pharmacological neuroprotectants have failed, despite huge economic 
investments. Thrombolysis reduces stroke volume but only a portion of patients seeks medical 
attention within the 3 h time window. Practically most AIS patients who present with significant 
neurological deficit within 3 h of symptom onset, and without an obvious contraindication will 
receive i.v- Actilyse- thrombolysis therapy. Recanalization of cerebral artery occlusion is seen in 
50% of AIS patients who receive Actilyse- thrombolysis. By treating seven patients with Actilyse- 
thrombolysis we can prevent one patient from being in- hospitalized for the rest of his/her life. 
Neuroprotectants have been studied as a method to potentially extend the time window to safely 
and effectively utilize reperfusion strategies. A plethora of experimental evidence suggests robust 
neuroprotection with hypothermia in AIS; studies in rodents have shown a reduction in infarct size, 
and that earlier initiation offers the best clinical and radiological results. Hypothermia is effective in 
temporary MCA models [19, 21], which aims to mimic the clinical scenario where the vessel is 
recanalized along with institution of hypothermia whereas the results in permanent MCA occlusion 
model are inconsistent. These studies emphasize the importance of designing trials aimed at 
utilizing neuroprotection in conjunction with recanalization therapies. In experimental studies there 
is evidence that hypothermia has no hazardous effect on thrombolysis- treatment [47]. 

A Phase I study entitled “Intravascular cooling in the treatment of stroke- longer tPA window” will 
address the question of whether hypothermia can extend the time window to administer tPA 
intravenously in AIS [101]. 
There are clinical safety and feasibility studies of mild hypothermia in AIS patients, but so far there 
are no controlled, randomized large studies whether hypothermia in AIS patients reduces the size 
of infarction and improves clinical outcome.  

The risk of complication recorded in clinical studies using moderate hypothermia is most likely 
reduced with mild hypothermia as general anesthesia with its possible complications would be 
avoided. For the same reason it is likely to be feasible in stroke unit instead of intensive care unit 
which reduces the expenses of the treatment. Furthermore, the risk of complication is reduced by 
using a non- invasive Temperature Management System instead of an invasive endovascular 
cooling device. The possible neurological worsening can easily be detected in awake patients. 

AIS is both disabling and lethal, many patients require chronic care and long- term 
institutionalization after stroke. The burden imposed upon health costs is tremendous. The risk of 
stroke increases with age and age adjusted rates of hospitalization for stroke is expected to rise, 
partly due to increase in life expectancy. With mild hypothermia treatment in acute stage of stroke 
we might improve the outcome of AIS- patients safely and decrease the burden to health costs of 
HUCH by decreasing the amount of long- term institutionalized patients. 

 
Hypothesis: 
Mild hypothermia with non- invasive cooling in awake patients is both safe and feasible. 
 
 
 
STUDY DESIGN 
 
Subjects and Methods 
All patients presenting to the Emergency Department of Helsinki University Central Hospital with 
clinical signs and symptoms of AIS and treated with Actilyse- thrombolysis will be screened for the 
trial. If all inclusion criteria are met and no exclusion criteria are present, the patients will be 
approached to obtain written informed consent. The background of the proposed study and the 
benefits and risks of the procedures and study will be explained to the patient. The patient or legal 
representative must sign the consent form prior to enrollment.  
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Inclusion criteria: 
• 18 ≤ Age ≤ 85 
• Hemispheric ischemic stroke 
• Treated with Actilyse- (tPA) thrombolysis according to Meilahti protocol 
• NIHSS 7-20 (after thrombolysis) or a significant paresis of the arm or the leg (NIHSS 3, no 

movement against gravity) or a significant dysfasia (NIHSS 2-3) despite of the total NIHSS 
score 

• Symptom onset within 6 hour 
 
Exclusion criteria: 

• Platelet count < 75,000/mm3 
• Known coagulopathy (INR spontaneously >1.5)  
• Hemodynamically unstable  
• Recent history of angina pectoris or acute myocardial infarction (during the last year) 
• Sepsis within 72 hours 
• Pregnancy (females younger than 50 must undergo a pregnancy test) 
• Patient with a clinically significant medical condition that, in the investigator’s opinion, would 

make survival for the duration of the study unlikely, or would otherwise interfere with 
optimal participation in the study or produce a significant risk to the patient. 

• Pre-existing neurological disability with modified Rankin Scale Score>2 
• Known allergy or intolerance to buspirone, dexmedetomidine, meperidine, magnesium 

sulfate 
• Intracranial hemorrhage in brain CT scan 
• Intracranial mass lesion (i.e., abscess, tumor, or infection) 
• Participation in an other therapy trial within last 3 months 
• Hypothermia- treatment cannot be initiated within 6 hours of symptom onset 
• Protocol violation in thrombolytic therapy 
• Any condition where researchers assume that the patient is not suitable (must be 

reasoned) 
 

Temperature Management System 
The non-invasive Temperature Management System is a thermal regulating system composed of a 
control module and disposable, nonsterile Energy Transfer Pads. The system has been in 
commercial distribution since 2001.  

The intended use of the device is to monitor and control patient temperature between 33-37°C. 
The control module pulls temperature-controlled water under negative pressure through the Energy 
Transfer Pads applied directly to the trunk and thighs. This results in heat exchange between the 
water and the patient. 

 
Pre-randomization Procedures 

• Medical history and physical examination 
• Non-contrast head CT  
• Pre-stroke mRS score 
• NIHSS 
• 12- lead ECG 
• Chest X-ray 
• TCD 
• Screening laboratory tests: hemoglobin, platelet count, WBC, RBC, glucose, CK, CK-MBm, 

TnT, INR, APTT, krea, CRP, pregnancy test (women of childbearing potential),  ALAT, GT 
 

The results of all tests listed above must be reviewed prior to randomization to ensure that no 
exclusion criteria are present. 
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Randomization 
Investigator will randomize patients via randomization envelopes.  Patients will be randomized to 
either control (standard care) or active therapy (hypothermia) group.    
All patients will be admitted to a specialized stroke unit after meeting randomization criteria where 
hypothermia will be immediately initiated in the experimental group of patients. 

 
 
 

Procedures before treatment 
• Insert nasogastric tube and initiate shivering protocol (only the patients randomized to 

hypothermia- treatment) 
• Buspirone 20mg po/ nasogastric tube, then buspirone 20mg every 8th hour. 
• Dexmedethomidine- infusion 2 ug/kg/h – 12 ug/kg/h. 
• Meperidine 50mg i.v and supplemental doses of 25 mg i.v when needed 
• A warming blanket/stockings placed over the chest, hands and feet. 
• Insert urinary catheter with temperature probe 
• Insert intra- arterial blood pressure monitor 

 
Monitoring 

• ECG (daily and continuous Holter- monitoring= ambulatory ECG recording) 
• Arterial blood pressure (continuous intra- arterial monitoring) 
• Oxygen saturation (continuous) 
• Temperature- bladder (hourly) 
• Near- infrared spectroscopy and EEG (continuous) 
• laboratory tests: 

 TT, Hb, krea, CK, CK-mBm, TnT, INR, krea, CRP (daily) 
 Na, K, Cl, Mg, Ca-ion, Pi (twice a day) 
 glucose (four times a day) 
 pO2, pCO2, BE (as needed, at least four times a day) 

 EDTA- plasma and serum will be taken to later analysis for neuronal 
markers 

• non- contrasted head- CT controlled within 24-48h from symptom onset 
• Brain MRIwithin 7 days from symptom onset according to routine stroke protocol 

  
Patient will be cooled to the core temperature of 35°C (urinary bladder temperature) with the non- 
invasive Temperature Management System used according to the instruction guide. Cooling will be 
started as soon as the patient has been transferred to stroke- unit (always within 6 hours of 
symptom onset). The initiation of hypothermia takes from 2 to 6 hours. Our aim is to initiate 
hypothermia within two hours after arriving to the emergency room and the treatment failure has 
been set at 36°C > 12 hours after symptom onset. The slow rewarming (0.2°C/hour) will be started 
after 12 hours of successful cooling, and normothermia in stroke patients would be 37°C.  
The systolic arterial pressure will be kept <220 and diastolic <120, and the mean arterial pressure 
>60.  
Electrolytes will be kept within physiological ranges.  
Normoglycemia will be maintained, and subcutaneous insulin will be administered according to 
Meilahti protocol. 
ICP will not be measured but optimal head position will be provided and flexion and torsion will be 
avoided. Anti- edema treatment including hypertonic NaCl (3.5%) will be used to treat brain edema 
when necessary. 
The patients will be intubated if needed, and will remain in the study. 
 
 
 
Assessment of outcome 
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Brain CT will be repeated as soon as the patient reaches normothermia, no later than two days 
from the symptom onset. Brain MRI will be performed as soon as the patient co-operates 
sufficiently, preferably 7 days from symptom onset. Hemorrhagia and the size of infarction will be 
assessed by the brain MRI. All MR measurements will be done at 1.5 Tesla on a Siemens 
Scanner. The MRI protocol will include scout images, DWI, T1, T2, FLAIR, T2*, and MR 
angiography. This protocol can be completed in 30-40 minutes. Hemorrhagia will be graded 
according to SITS scale: 

 
�  HI 1: small petechiae along the margins of the infarct  
�  HI 2: a more confluent petechiae within the infarct area but without space-

occupying effect 
�  PH 1: blood clot(s) not exceeding 30% of the infarct area with some mild space-
occupying effect 
�  PH 2: blood clots exceeding 30% of the infarct area with significant space 
occupying effect 
 

Neuropsychological tests will be performed slightly before the 3 month clinical visit. GOS, mRS, 
Barthel and NIHSS will be tested at the 3 monts and 12 months visit. 
 
Timetable and members of the research group: 
Recruitment of patients begins in January 2007. We assume to recruit 36 patients by the end of 
2008. 
Patients will be recruited by Dr. Katja Piironen and Dr. Janne Leinonen. This study is a PhD project 
of Dr. Katja Piironen and the projected working time for the recruitment of patients is 50% of the 
weekly working hours for Dr. Katja Piironen and 20% for Dr. Janne Leinonen during 2007- 2008. 
NIRS and EEG recordings will be initiated by TkL Tommi Noponen and DI Kalle Kotilahti, and 
projected working time is 25% of the weekly working hours for each. Dr. Ville Pettilä will take care 
of the sedation of the patient in hypothermia initiation and projected working time is 10% of weekly 
working hours. For the other members of the group it will be 20% for Dr. Turgut Tatlisumak and Dr. 
Marjaana Tiainen, 10% for Dr. Jyrki Mäkelä, 5 % for Dr. Risto Roine and Dr. Oili Salonen and 25% 
for DI Lauri Lipiäinen, Ms. Tiina Näsi and Mr. Jaakko Virtanen. 
 
Safety and ethical considerations: 
Non- contrast brain CT, brain MRI, chest X- ray, continuous EEG, continuous ECG and continuous 
intra- arterial blood pressure monitoring will be performed according to routine clinical practice. 
TCD is a non- invasive and safe method and is routinely used in stroke patients (katso liite 
“Transkranielli Doppler”). NIRSI is a relatively new medical imaging method. It is completely non- 
invasive, does not utilize magnetic fields or expose tissue to ionising radiation. It has been 
successfully used in healthy volunteers and patients of intensive care unit (katso liitteet ”Near- 
infrared spectroscopy”, “Tutkimuksessa käytettävät EEG- ja NIRSI- laitteet”). The NIRSI and EEG 
equipment is provided by GE Healtcare Finland (katso liite “Teknillinen korkeakoulu ja GE 
Healthcare Finland”). 
This study and the methods used are ethically appropriate as aiming at developing a novel therapy 
for AIS patients and similar approaches have already been implanted in other patient populations 
(resuscitated patients).  
We expect improved outcome of AIS patients treated with Actilyse- thrombolysis and mild 
hypothermia. Outcome would be defined by improvement in clinical test batteries and reduction of 
the infarction size. In case of favourable results, we will design a multicenter efficacy trial. 
 
Expected results: 
We expect mild hypothermia to be safe and feasible in awake AIS patients treated in a stroke unit. 
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