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A. Study Purpose and Rationale 
 
In the United States, there are an estimated 700,000 cases of new and recurrent strokes every year, of 
which 88% are ischemic and usually caused by occlusion or hemodynamically relevant narrowing of 
brain-supplying vessels1, 2. With an overall mortality rate of approximately 20% and long-term disability 
rate of up to 30% among survivors, stroke is a major burden for public health. Currently, there are 
approximately 5.5 million survivors of stroke living in the United States. 
    
To date, the standard of care in acute ischemic stroke is thrombolysis via infusing the thrombolytic agent 
rtPA (recombinant tissue plasminogen activator) intravenously (systemically) within 3 hours of symptom 
onset6. However, due to this narrow time window, only 1-2% of all ischemic strokes are treated with 
thrombolytics1,3-5. Efforts to extend the therapeutic time window include endovascular procedures (acute 
angioplasty, local endovascular/intra-arterial use of thrombolytics and mechanical devices), use of other 
thrombolytic or antiaggregating drugs, and refining selection criteria for treatment using modern imaging 
methods (diffusion and perfusion weighted MR imaging)10-17. These treatment approaches are still 
considered experimental, but preliminary results suggest that the number of eligible patients is twice as 
high as for systemic thrombolysis5. Although these results are encouraging, it remains doubtful whether 
these approaches alone will lead to a significant increase in treatment eligibility and, in particular, 
whether these treatment options are safe and effective, due to the risk of common complications such as 
intracranial hemorrhage and cerebral reperfusion injury.  
 
Therapeutic hypothermia (systemic/whole body cooling) has been shown to have a remarkable effect on 
global and focal ischemia. Unlike other therapeutic approaches, hypothermia acts using a diverse array of 
molecular pathways27-32: it reduces the extracellular excitatory amino acid concentrations, modulates ion 
homeostasis, suppresses the disruption of the blood-brain barrier, decreases cerebral metabolism (and thus 
oxygen demand and cerebral blood flow), and attenuates neutrophil infiltration. In animal models of 
global or focal cerebral ischemia it has been demonstrated that even slight reductions of the body 
temperature (29-35ºC) are neuroprotective21, 22, 23. Furthermore, selective local saline infusion was found 
to be neuroprotective in several species of animals40-43. Pre- and intra-ischemic hypothermia achieved 
dramatic neuroprotection by reducing infarction volume by 50-90%44-47, suggesting that hypothermia 
plays a powerful role in preventing neurological injury when applied prior to or simultaneously with 
ischemic insult.  
 
In humans, two randomized clinical trials established conclusively the neuroprotective effects and safety 
of hypothermia after cardiac arrest24, 25. Endovascular antero- and retrograde high volume perfusion has 
been routinely used in cardiopulmonary bypass and other cardiac surgery to induce moderate to deep 
hypothermia (<28 oC)48-54 (Table 1). Furthermore, the feasibility of selective endovascular cooling has 
been reported in cardiac arrest and neurosurgical patients55-58. 
 
Mild or moderate hypothermia may prove to be an important and feasible method of inducing 
neuroprotection from ischemic events and minimizing complications resulting from reperfusion injury. 
However, induction of whole-body hypothermia is a time-consuming procedure33-39 and may be 
associated with severe adverse effects. In many clinical studies, hypothermia is induced by surface/skin 
cooling with the use of cooling blankets, alcohol, and ice bags. Recent approaches investigating 
intravenous access to induce systemic hypothermia showed that this was feasible in severely affected 



acute ischemic stroke patients (Table 1). However, it takes 3 to 7 hours to reach target temperature 
(32-34°C) and evidence on safety and effectiveness is still lacking. 
 
Because of the time-dependent nature of ischemic neuronal cell-death, there is a pressing need for rapid 
induction of neuroprotective brain cooling. Previous studies have shown that, with local intra-arterial 
infusion of cold saline, brain cooling can be achieved selectively, quickly, and maintained over a period 
of time. It is conceivable that safe application of selective brain cooling with rapid achievement of 
hypothermic neuroprotection will constitute an effective method for the treatment of ischemic brain injury 
both in concurrence with current rt-PA treatment and other experimental recanalization procedures. 
However, to this date, no study of this type has been performed. The effectiveness of this method of 
cooling in reducing brain temperature will have been established previously with MR thermographic 
methods and the measurement of ipsilateral jugular bulb temperature on patients undergoing angiography. 
 
Table 1a/1b. Synopsis of systemic hypothermia therapy in patients with middle cerebral artery 
occlusion: Adverse events and outcome. These results suggest that systemic hypothermia is 
feasible, but no evidence for safety or effectiveness was found. 
 
1a. 

Study Design Subjects # Cooling Method Target T (°C)/ 
Time to Target T 

Cooled for (h) 

Schwab33

(1998) 
Case series Ischemic stroke/ 

Mean GCS 9 
25 Surface+cold 

infusion 
33/ 

3.5-6.2h 
48-72 

Kammersgaard34

(2000) 
Historical 
Control 
group 

Ischemic stroke/ 
NIHSS 26-28 

17 Surface 35.5/ 
6h 

6 

Krieger35

(2001) 
Medical 
Control 
group 

Ischemic stroke/ 
Mean NIHSS 20/ 

IV/IA rtPA 

10 Surface 31-33/ 
3.5h 

47 

Schwab36

(2001) 
Case series Ischemic stroke/ 

Mean NIHSS 25 
50 Surface 32-33/ 

6.5h 
24-72 

mean 55h 
Georgiadis37

(2001) 
Case series Ischemic stroke/ 

IV rtPA in 2 pat 
6 Endovascular 32-33/ 

3h 
48-72 

mean 67h 
Georgiadis38

(2002) 
Case series Ischemic stroke/ 

NIHSS 20/ 
IV rtPA in 4 pat 

19 Endovascular 32-33/ 
4h 

24-116 
mean 71h 

De Georgia39 
(2004) 

CoolAid II 

Randomized 
Clinical  

Trial 
 

Ischemic stroke/ 
NIHSS 18/ 

72% (13) IV/IA rtPA 

18 Endovascular 33/ 
13 patients 

77 min 

24h 

GCS (Glasgow Coma Scale), NIHSS (NIH Stroke Scale), IV (intravenous), IA (intra-arterial), rtPA (recombinant tissue plasminogen 
activator). 
 



1b. 
Study Time for 

Outcome 
Death Cardiovascular 

Complications 
Infection Systemic 

Complications 
Other 

Complications 
Result/ Conclusion 

Schwab33

(1998) 
30 days 44% 

(11) 
Arrhythmia 60% 
(15) 
 

Pneumonia 
40% (10) 
Sepsis 28% 
(7) 

Platelet↓, K+↓, 
Amylase-Lipase↑ 

None Lowers ICP 

Kammersgaard34 

(2000) 
6 months 6% (1) Systol. BP↓ 

HR↓ 
Infection 18% 
(3) 

Hct↑,Hgb↑, K+↑ 
Fibrinogen↑ 

None Comparison with 
normotherm: N.S. 

Krieger35

(2001) 
3 months 30% (3) Arrhythmia 60% 

(6) 
MI 30% (3) 
Heart failure 20% 
(2) 
Hypotension 30% 
(3) 

Pneumonia 
30% (3) 
 

None Groin hematoma 
10% (1) 

comparison with 
normotherm: N.S. 

Schwab36

(2001) 
3 months 38% 

(19) 
Arrhythmia 62% 
(31) 
Hypotension 
100% 
Cardiac failure 
2% (1) 

Pneumonia 
48% (24) 

K+ 10%↓, Platelet 
70% (35) ↓ 
Coagulopathy 6% 
Pancreatitis 6% 

None Lowers ICP during 
cooling, but rebound 

during rewarming 

Georgiadis37

(2001) 
Peri-

proced. 
17% (1) Arrhythmia 100% 

Hypotension 
100% 

Pneumonia 
100% 

Platelet↓ 33% (2) 
K+↓ 33% (2) 

Singultus 100% Proof of feasibility 

Georgiadis38

(2002) 
ICU stay 

Mean 13d 
47% (9) Arrhythmia 42% 

(8) 
Bradycardia 58% 
(11) 

Pneumonia 
78% (15) 
 

Platelet↓ 37% (7) 
K+↓ 26% (5) 
Coagulopathy 5% 
(1) 
 

ICP↑ 53% (10) 
Singultus 100% 

Increased ICP in 
53% 

De Georgia39 
(2004) 

CoolAid II 

30 days 28% (5) Arrhythmia (2) 
and shock (1) 
17% (3) 
 

Pneumonia 
11% (2) 
UTI 6% (1) 

None DVT 17% (3) 
Sympt. hem. 11% 
(2) 

Proof of feasibility; 
difference N.S. 

BP (blood pressure), HR (heart rate), MI (myocardial infarction), DVT (deep venous thrombosis), N.S. (not significant). 
 
B. Study Design and Statistical Analysis 
 
Power Calculations: 
Using an assumption of 50% favorable outcome (favorable outcome defined as NIHSS score of 0 or 1) as 
per the 1995 NINDS rt-PA trial,59 we will need 182 subjects in each group to demonstrate a 30% 
difference in NIHSS score outcome at 80% power with an alpha of 0.05. 200 subjects will be enrolled in 
each group to account for an approximate 10% rate of attrition. 
 
Design: 
This is a prospective, double-blinded, randomized controlled trial. It will enroll patients presenting with 
acute ischemic stroke to study the effects of local brain hypothermia on neurological outcome as defined 
by the National Institute of Health Stroke Scale (NIHSS). The two hypotheses are: 

(H1)  The patient group randomized to treatment will have a greater proportion with favorable 
neurological outcome 24 hours after stroke onset. 

(H2)  The patient group randomized to treatment will have a greater proportion of subjects with 
favorable neurological outcome 3 months after stroke onset. 
 
These hypotheses will be tested on patients presenting with acute stroke within 12 hours of stroke onset. 
Patients will be stratified by clinical center and further into four groups according to time after stroke 
onset, hereafter known as “time-to-treatment” groups : 1) 0-90 minutes, 2) 91-180 minutes, 3) 3-6 hours, 
and 4) 6-12 hours. Patients will be obtained from those presenting to CUMC or an affiliate center for 
treatment. 
 
 



Definitions: 
The NIHSS is a 42-point scale that assigns value to various neurological deficits. A score of 0 means no 
deficit. This scale, along with the Barthel index, has been found to be reliable and have reproducible 
results60-62. The Barthel index, however, will not be used for this study. The complete NIHSS scale can be 
found at: 
http://www.ninds.nih.gov/doctors/NIH_Stroke_Scale.pdf 
 
Outcome: 
As stated above, the outcome in this study is composed of two parts: neurological score 24 hours after the 
acute ischemic stroke, and neurological score 3 months after the stroke. A patient with an acute ischemic 
stroke will be defined as one presenting with a NIHSS-measurable neurological deficit beginning within 
the previous 12 hours and without a hemorrhagic insult as defined by CT scan.  
Those included patients who have NIHSS scores of 0 or 1 at the specified time intervals will be defined as 
having a “favorable outcome.” 
 
Statistical Analysis: 
The qualitative data will be analyzed using a 2x2 table chi-squared test, as shown below: 
 

 Favorable 
outcome 

Non-
favorable 
outcome 

Treatment 
Group 

  

Placebo 
Group 

  

 
 
 
 
 
 
 
The hypotheses H1 and H2 will be treated as separate tests, and thus will each be assigned individual 
tables. Subgroup analyses will then be performed similarly on the four “time-to-treatment” groups, as 
explained in Design, above. 
 
If, during the course of the study, either the treatment or control placebo group demonstrate a difference 
in outcome with a z value of greater than 2.0, the study will be stopped and all patients will be assigned to 
the group with the greater favorable outcome. 
 
C. Study Procedure 
Patients who are candidates for inclusion in the study as specified below in Part G (Study Subjects) will 
undergo the following study procedure: 

• Randomization to the treatment group or placebo group. Stratification according to time of stroke 
onset will be taken into account in this randomization. 

• All patients will undergo arterial catheterization at the level of the femoral artery contralateral to 
the affected side (if such a distinction can be made); the catheter will then be guided superiorly 
under fluoroscopy to the level at which the internal carotid artery inserts into the circle of Willis.  

• The treatment group will receive 30 mL/min of 4ºC saline via this catheter for 60 minutes. The 
placebo group will receive room temperature saline in the same manner and with the same rate 
and for the same duration. During this time, angiography will be performed to evaluate the 
location of insult and recanalization may be performed if deemed appropriate by the physician.  

• All patients who are able to receive treatment within 180 minutes of stroke onset will be treated 
with IV rt-PA as is currently standard of care.  

• All patients will be evaluated for neurological function by a blinded neurologist as per the NIH 
Stroke Scale 24 hours post stroke onset. 

• All patients will be again evaluated at 3 months in a similar manner.  



D. Study Drugs 
No drugs will be administered that are particular to this study. 

 
E. Medical Devices 
The only device that may be considered partially unique to this study as compared to all stroke 
management procedures is an intra-arterial catheter that is used in many interventional neuroradiology 
procedures. 

 
F. Study Questionnaires 
No questionnaires will be distributed for this study. 

 
G. Study Subjects 
The patients in this study include all those age 18 or older who present to CUMC or an affiliate clinical 
center with the following inclusion criteria: 

• Ischemic stroke with clearly defined time of onset. 
• Time of onset under 12 hours. 
• Neurological deficit measurable on the NIHSS. 
• CT scan demonstrating no intracranial hemorrhage. 
 

Exclusion criteria are the following: 
• Hemorrhagic stroke or head trauma requiring hospitalization in the previous 3 months. 
• Major surgery within the previous 14 days. 
• Systolic BP > 185 mm Hg or diastolic BP > 110 mm Hg 
• Rapidly improving or minor symptoms (NIHSS of 1). 
• Symptoms suggestive of subarachnoid hemorrhage. 
• GI or urinary tract hemorrhage in the previous 21 days. 
• Platelet count below 100,000. 
• Aggressive treatment needed to reduce blood pressure to specified limits. 
• An application for waiver of consent will be submitted. However, if this cannot be obtained, 

inability to provide informed consent will be a de facto exclusion criterion. 
 

Patients in both the placebo and control group have identical inclusion and exclusion criteria. 
 
H. Recruitment 
As described above, patients will be recruited from those patients presenting to CUMC or an affiliate 
center with an acute ischemic stroke with a definable time of onset. 
 
I. Confidentiality 
We will maintain strict confidentiality measures for all patient identifiers. Patients will be given a 
numerical identifier specific to the study, separate and unrelated to their medical record number, age, 
gender, or other personal identifiers. 
 
Physical files will be stored in a locked closet belonging to the principal investigator. Only the senior 
investigators will have access to this closet. 
 
Similarly, electronic identifiers and data will be kept on a server computer on an encrypted virtual drive 
partition, to which only the senior investigators have the password. 
 
If a waiver of consent cannot be obtained, all patients will be consented and all consent forms will be 
stored in the above-mentioned locked closet. 



 
J. Conflict of Interest 
None – no private drug or device manufacturer is sponsoring the study. 
 
K. Location 
This prospective trial is designed to be based at multiple clinical centers, including CUMC.  
 
L. Potential Risks 
Potential risks of local hypothermia are assumed to be similar to, though of lesser magnitude than, the 
adverse affects of systemic hypothermia found in Table 1b. No adverse neurological outcomes (other than 
singultus/hiccups) have been reported with hypothermia. 
 
Risks of intra-arterial catheterization and superior guidance under fluoroscopy includes arterial rupture, 
though this is rare. Vascular catheterization in general carries the risk of line infection, though the short 
amount of time it is left in the patient greatly reduces this risk.  
 
M. Potential Benefits 
By participating in this study, the patients will be shedding light on the effectiveness of local hypothermia 
in acute brain ischemia. Those patients randomized to the treatment arm of the study may, if the 
hypothesis proves correct, retain neurological function that they would normally lose under the current 
standard of care. 
 
N. Alternative Therapies  
Not applicable.  
 
O. Compensation to Subjects  
Patients will be compensated for all their treatment related to their ischemic stroke. 
 
P. Costs to Subjects  
None.  
 
Q. Minors as Research Subjects  
No minors will be participating in this study.  
 
R. Radiation and Radioactive Substances  
Patients will be exposed to X-ray radiation during their fluoroscopic and angiographic procedures, as 
necessary. 
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