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Abstract
Background—Induced hypothermia is a promising neuroprotective therapy. We studied the
feasibility and safety of hypothermia and thrombolysis after acute ischemic stroke.

Methods—ICTuS-L was a randomized, multi-center trial of hypothermia and intravenous t-PA in
patients treated within 6 hours after ischemic stroke. Enrollment was stratified to the treatment time
windows 0–3 and 3–6 hours. Patients presenting within 3 hours of symptom onset received standard
dose intravenous alteplase (IV tPA) and were randomized to undergo 24 hours of endovascular
cooling to 33°C followed by 12 hours of controlled re-warming or normothermia treatment. Patients
presenting between 3 and 6 hours were randomized twice: to receive t-PA or not and to receive
hypothermia or not.

Results—In total, 59 patients were enrolled. One patient was enrolled but not treated when
pneumonia was discovered just prior to treatment. All 44 patients enrolled within 3 hours and 4 of
14 patients enrolled between 3–6 hours received t-PA. Overall, 28 patients randomized to receive
hypothermia (HY) and 30 to normothermia (NT). Baseline demographics and risk factors were
similar between groups. Mean age was 65.5±12.1 years and baseline NIHSS was 14.0±5.0; 32 (55%)
were male. Cooling was achieved in all patients except 2 in whom there were technical difficulties.
The median time to target temperature after catheter placement was 67min (Q1 57.3 –Q3 99.4). At
3 months, 18% of patients treated with HY had a modified Rankin Scale (mRS) of 0 or 1, versus
24% in the NT groups (NS). Symptomatic intracranial hemorrhage occurred in 4 patients (68), all
were treated with tPA less than 3 hours (1 received HY). Six patients in the HY and 5 in the NT
groups died within 90 days (NS). Pneumonia occurred in 14 patients in the HY and in 3 of the NT
groups (p=0.001). The pneumonia rate did not significantly adversely affect 3 month mRS (p=0.32).
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Conclusion—This study demonstrates the feasibility and preliminary safety of combining
endovascular hypothermia after stroke with intravenous thrombolysis. Pneumonia was more frequent
after hypothermia, but further studies are needed to determine its effect on patient outcome and
whether it can be prevented. A definitive efficacy trial is necessary to evaluate the efficacy of
therapeutic hypothermia for acute stroke.
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INTRODUCTION
Based on experimental data and early human experience, hypothermia is one of the most active
modes of neuroprotection.(1,2) Hypothermia improves survival and neurological outcome
after cardiac arrest(3,4) and its use in this setting is recommended by the International Liaison
Committee on Resuscitation(ILCOR).(5) In infants with hypoxic-ischemic encephalopathy,
hypothermia at 33.5°C for 72 hours is safe, reduces fatality and improves neurodevelopmental
outcome.(6) Other researchers have used surface cooling methods to reduce brain edema and
treat increased intracranial pressure after stroke.(7)

The COOL-AID study group completed two clinical trials of hypothermia in acute ischemic
stroke. The first study used surface cooling(8), and the second endovascular cooling.(9) Both
trials demonstrated feasibility but were not powered to answer questions regarding safety and
efficacy. Side effects of endovascular hypothermia have been pneumonia, cardiac arrhythmia
and deep vein thrombosis (DVT).(9)

Only few patients have been treated with hypothermia below 35°C while awake.(10,11) Other
than small uncontrolled case series, no prior study has confirmed the safety of combining
intravascular cooling catheters with thrombolytic therapy for acute stroke.

We sought to determine feasibility and safety of endovascular hypothermia in patients
receiving thrombolytic therapy in a randomized, controlled study of endovascular cooling in
awake patients after stroke, The Intravascular Cooling in the Treatment of Stroke – Longer
tPA window ( ICTuS-L) study.(12)

MATERIALS AND METHODS
The ICTuS-L trial was a controlled, prospective, randomized trial designed to investigate the
feasibility and safety of induced endovascular hypothermia with thrombolysis in patients
presenting with acute ischemic stroke less than six hours from onset, age 18–80, an National
Institutes of Health Stroke Scale (NIHSS) ≥ 7, and a score of 0 or 1 on NIHSS Item 1a (arousal)
at the time of cooling catheter placement. The institutional review boards of the participating
centers approved this protocol. All patients or their surrogates gave written informed consent.
Enrollment was stratified to the tPA treatment time windows 0–3 and 3–6 hours. Patients
presenting within 3 hours received 0.9mg/kg (maximum 90mg) intravenous tPA and were
randomized to undergo 24 hours of intravascular cooling to 33°C using the Celsius Control
system (Innercool, San Diego) followed by 12 hours of controlled re-warming at a rate of 0.3°
C per hour versus no cooling (2 Groups). Patients presenting between 3 and 6 hours were
randomized twice: tPA vs. no tPA and hypothermia (HY) versus normothermia (NT) (4
Groups) (Table 1). Participants were randomized using a randomization list generated and
maintained by the UCSD SPOTRIAS Data Core.
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We used a previously published anti-shivering protocol combining meperidine, buspirone and
warming blankets.(10) In tPA treated patients the catheter insertion was initiated between 30
and 180 minutes after completion of the tPA infusion. Patients received a head CT before
treatment, at 36 (±12) hours and at, 30 days, and a clinical evaluation before treatment; and at
24 hours, 7, 30 and 90 days after stroke. A full description of the clinical trial methods has
been published.(12)The primary safety outcome was the incidence of a serious adverse event
at 3 months. The primary feasibility outcome was achievement of cooling defined as reaching
a target temperature as close to 33°C as possible.

Secondary safety outcomes of interest included (a) the incidence and volume of hemorrhages
on head CT 36 hours after stroke onset, (b) the incidence of adverse events (AE), and (c) 90-
day mortality. Efficacy outcomes of interest were the NIHSS at 24 hours, 30 and 90 days; and
the mRS at 90 days.

Statistical analysis
Safety, feasibility and efficacy analyses were conducted using the intent-to-treat principle.
Since this was primarily a feasibility study, no adjustments were made for multiple
comparisons. A p value less than 0.05 was considered to be statistically significant. Baseline
comparisons between the HY and NT groups were done using a Wilcoxon Rank Sum test for
continuous outcomes and a Fisher’s Exact Test for categorical outcomes. Fisher’s Exact Test
was used to compare the rates of serious adverse events, adverse events, hemorrhages, deaths
and 90-day mRS between the HY and NT groups. The Wilcoxon Rank Sum Test was used for
the NIHSS comparisons. All statistical analyses were conducted using the statistical software
R version 2.10.1 (http://www.r-project.org/)

RESULTS
Fifty-nine patients were randomized but one patient was found to have pneumonia prior to
receiving any study procedures and was excluded, leaving 58 patients for the intention to treat
(ITT) analysis. Cooling was performed in 28 of 58 patients (48.2%); in 22 of the 28 (78.6%),
tPA was begun within 3 hours from stroke onset and in 2 patients between 3 and 6 hours (Groups
5 and 6). Four patients in the 3–6 hour window underwent cooling alone. (Table 1)

The mean (±SE) age was 65±14 years with a range from 21 to 81 years. Patients treated with
HY were older, 68.93±7.87 years, compared to NT patients, 62.30±14.48 years. (NS) 55%
were men. Several risk factors were reported by at least 50% of the patients, including
hypertension and hyperlipidemia. Between 25% and 50% of the patients reported coronary
disease, atrial fibrillation, or myocardial infarction. The pre-stroke mRS was >1 in four HY
treated and one NT treated patient. The baseline (mean±SE) NIHSS was 14.3 (±5) in the HY
groups and 13.7 (±5) in the NT groups. (Table 2)

The mean (±SE) meperidine dose used in HY patients was 14.5±6.9mg/kg. Target temperature
was reached in 20/28 patients (71.4%). In two patients the hypothermia console failed, 4 had
poorly controlled shivering that lead to an increase in target temperature and 2 were maintained
at 34°C and 34.1°C. The mean (±SE) temperature that was achieved in these patients was 33.4°
C (±0.6). The median time to target temperature after catheter placement was 67min (Q1 57.3
– Q3 99.4), the mean (± SD) was 138.3±198.9 min. (Figure 1)

In the under 3 hour patients (Group 2), the median time from stroke onset to cooling start was
355 min (Q1 269 – Q3 399) and to target temperature was 421 min (Q1 331 – Q3 594). The
respiratory rate (mean±SD) in the HY groups was lower throughout the cooling period (at 1
hour 14.15±2.85 vs 18.65±4.18). There was a trend towards lower respiratory rate during
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rewarming, but by hour 36 the respiratory rate was similar between groups. There were no
significant differences in blood pressure, oxygen saturation or heart rate between groups.

There were no differences in outcome or occurrence of adverse events comparing patients who
were treated with t-PA and those who were not. Forty serious adverse events (SAE) occurred
in 21 of the 28 patients treated with HY versus 21 SAEs in 13 of the 30 NT patients. Pneumonia
occurred more frequently in the HY patients than in the NT patients (7/28 versus 2/30, p<0.05,
Fishers Exact Test). The rate of any intracerebral hemorrhage (ICH) at 48 hours including both
asymptomatic and symptomatic ICH was similar in both groups, at 30% (33% HY, 25% NT.)
Symptomatic ICH occurred in 4 patients, all treated with t-PA within 3 hours from stroke onset,
one with HY, three in the NT groups.

The risk of Deep vein thrombosis (DVT), urinary tract infection, pancreatitis, renal failure or
cardiac arrhythmia was not significantly increased in patients treated with HY compared to
NT. DVT occurred in 4 HY and 1 NT patient. It was possibly related to the hypothermia catheter
in 2 patients. One received an inferior vena cava filter.

There were no differences in baseline laboratory values between groups. Mild oliguria occurred
in almost all patients while undergoing HY, but was not associated with renal failure and
reversed during re-warming. There was a transient increase in Blood Urea Nitrogen (BUN)
(mean±SD) at day 2 in the HY groups to 23.3 mg/dL (±9.9) vs 12.9 mg/dL (±5.93) in the NT
group. No significant change in creatinine was observed and the BUN upon follow up at day
7 was 16.3 mg/dL (±6.9) in the HT vs 15.1 mg/dL (±8.3) in the NT group. Amylase was
increased in patients with HY at day 2 (243.3 U/L ± 260.9 vs 62.5 U/L ± 25.6) and remained
elevated (99.7 U/L ± 63.0 vs 49.7 U/L ±28.4) at Day 7, but no patient was diagnosed with
pancreatitis.

Due to sedation with meperidine, the NIHSS at 24 hours was 17.0 (±8.9) in the HY and 11.1
(±8.1) in the NT groups (p=0.02). The NIHSS was equivalent in both groups at 30 days. It was
8.0 (±6.5) in the HY and 5.0 (±4.1) in the NT groups (NS). At 90 days the NIHSS was 6.3
(±6.6) vs 3.8 (±3.0) (NS).

At 3 months 18% of patients in the HY groups had a mRS of 0 or 1, versus 24% in the NT
groups. The difference was not statistically significant p<0.77 (Fishers Exact Test). Six patients
treated with HY died, five died in the NT groups. Of the patients suffering pneumonia 11.8%
had a mRS of 0 or 1 at 90 days, versus 25% of those without pneumonia (NS). (Table 3)

DISCUSSION
This study is the largest randomized, controlled study of awake stroke patients who received
hypothermia targeted at 33°C. Past studies used surface cooling methods with aggressive anti-
shivering regimens that cause skin irritation and respiratory suppression.(8) We used an anti-
shivering treatment with intravenous meperidine, oral buspirone and surface skin warming,
without severe respiratory suppression and were able to combine endovascular cooling with
thrombolysis in awake patients after acute ischemic stroke.

Our protocol was designed as a safety study and the aim was to avoid bleeding complications
when hypothermia was combined with t-PA. The median time to target temperature was over
7 hours (421 min) and was mainly driven by the delay in catheter placement. For safety
concerns, endovascular hypothermia was not begun until 30 – 180 min after completion of the
t-PA infusion. While we did not observe groin hematomas or other bleeding complications
attributable to the femoral venous catheterization in patients who had received thrombolytic
therapy, cooling was significantly delayed due to this precaution; however, our calculation of
the times to cooling may have been an overestimate as we did not record temperature for 20
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minutes after cooling catheter placement (Figure 1). The delayed cooling may have reduced
the potential for neuroprotective benefit in our patients.

Hypothermia induction with non-invasive methods such as intravenous cold saline or external
cooling may have further increased the time to target temperature.

Preclinical studies have shown that hypothermia is more effective the sooner it is implemented
after stroke, suggesting that future studies should contain provisions for more prompt cooling
initiation.(13–16)

In addition to the time window, cooling duration may affect patient outcome.(17) Preclinical
studies have shown that longer cooling increase neuroprotective effects.(18) The patients in
our study were cooled for 24 hours. Future research should focus on the optimal cooling
duration after ischemic stroke in man.

While the re-warming paradigm used in the present study was the same in all patients, Schwab
et al have shown that hypothermia can reduce edema after cerebral ischemia.(7) It may be
possible that adjusting the re-warming paradigm to physical exam findings, intracranial
pressure monitoring or other surrogate markers we could benefit patient outcome. In our own
earlier experience we found that hypothermia reduced brain edema.(19) The aim of ICTuS-L,
however, was acute neuroprotection and edema therapy after completed ischemia was not
targeted.

In 8/28 patients target temperature was not reached. In two patients this was due to failure of
the cooling console, in four patients shivering was poorly controlled and in two the temperature
was maintained at 34.0 and 34.1°C by the investigator. The cooling failure was, in part,
attributed to the subjects being obese and the use of the 10.7 F catheter. Midway through the
trial a larger and more powerful 14F catheter became available, and it was noted that obese
patients were easier to cool. Future studies that examine the efficacy of hypothermic
neuroprotection will need to use more reliable cooling devices and use sufficiently powerful
cooling catheters in patients with a high body mass index.

One initial hypothesis of our study was that cooling extends the time window for t-PA. We
were not able to test this hypothesis because enrolment into the treatment groups between 3
and 6 hours was low. After our trial was initiated, survey data confirmed that few stroke patients
arrive between 3 and 6 hours.(20) Patients with higher NIHSS are more likely to present within
3 hours.(21–23) Since our protocol required an NIHSS ≥ 7 very few patients arriving between
3 and 6 hours qualified for study enrolment. We were, therefore, unable to show that extending
the treatment window for IV tPA is possible with the addition of hypothermia. In the limited
number of patients studied between 3 and 6 hours we did not observe an excess in safety
concerns. This finding is consistent with the more recent ECASS III study that demonstrated
the safety and efficacy of IV t-PA between 3 and 4.5 hours.(24)

We did not find a difference in mortality and mRS in patients treated with or without HY in
this small safety and feasibility study. The increased NIHSS at 24 hours in the HY groups may
have been due to mild sedation caused by the anti-shivering protocol as we found no significant
difference in NIHSS at follow-up.

SAEs were more common in the HY groups and the most common SAE was pneumonia. The
occurrence of pneumonia did not significantly affect outcome at 90 days. Stroke causes a
transient immune-depression, which leads to increased pneumonia risk.(25,26) Data regarding
the effect of pneumonia on stroke outcome is conflicting. The GAIN investigators found an
increased risk of poor outcome after stroke associated with pneumonia and urinary tract
infection.(25) The PANTHERIS study showed a reduction of pneumonia after stroke when
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prophylactic antibiotics were used.(27) The reduction was associated with a trend towards
better outcome. This benefit was not confirmed, however, in a similar study by Chamorra et
al.(28)

The increase in pneumonia rate in the HY treated patients may be affected in part by an
ascertainment bias as patients undergoing HY were more closely monitored for side effects
they were all hospitalized in intensive care units for a minimum of 36 hours, while NT patients
may have been admitted to lower acuity level units. Hypothermia, in addition to stroke,
however, is known to suppress the immune system(29) and patients who suffer sepsis with
hypothermia or postoperative hypothermia suffer increased risks of infections.(30)
Furthermore, the use of meperidine reduces respiratory frequency and may contribute to
aspiration. Compared to other anti-shivering treatments, meperidine carries a lower risk of
respiratory depression.(31–33) Our data do not allow us to attribute the pneumonia risk to
hypothermic immune suppression, elevated aspiration risk due to the meperidine, or other
unknown factors, and further studies are needed to establish the effect of hypothermia on
immune suppression. The increased pneumonia rate in hypothermia patients may have
obscured any possible beneficial effect on 3 month outcomes.

Conclusions
Endovascular hypothermia can be combined with thrombolytic therapy. The anti-shivering
protocol is feasible in awake stroke patients. An increased rate of pneumonia in the cooled
patients was observed, but was not associated with poor outcome. Further studies with larger
patient samples and earlier cooling are needed to evaluate the efficacy of hypothermia after
ischemic stroke.
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Figure 1.
Time to target temperature (lowest temperature achieved OR first 33°C) in 26 patients in whom
cooling was attempted. In 4 patients effective anti-shivering was not accomplished, resulting
in very long times to target.
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Table 1

Patient group randomization by time of tPA treatment from stroke onset.

hours from stroke Group Patients(n) tPA HY

0–3 1 22 + −

2 22 + +

3–6 3 6 − −

4 2 + −

5 4 − +

6 2 + +

total 58
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Table 2

Baseline demographics and risk factors between the hypothermia and normothermia groups. (* peripheral
vascular disease)

Hypothermia (Group 2, 5, 6) n=28 Normothermia (Group 1, 3,4) n=30 Fisher’s Exact Test p-value:

Male gender 56.7% 53.8% 0.999

Race (white) 89.3% 80.0% 0.707

Age in years (±SD) 68.9 (7.9) 62.3 (14.5) 0.109

Known atrial fibrillation 21.4% 13.3% 0.499

Diabetes 21.4% 30.0% 0.554

Arterial hypertension 71.4% 63.3% 0.583

Hyperlipidemia 53.7% 50.0% 0.793

Present smoking 10.7% 26.7% 0.102

Congestive heart failure 3.6% 16.7% 0.109

PVD* 3.6% 6.7% 0.411

Myocardial infarction 14.3% 16.7% 0.426

Coronary artery disease 39.4% 26.7% 0.695

Prior stroke or TIA 17.9% 20.0% 0.869

Liver disease 3.6% 0 0.229

Lung disease 10.7% 13.3% 0.848

Renal disease 7.1% 13.3% 0.671

Gastrointestinal disease 21.4% 33.3% 0.298

Pre-stroke Modified Rankin >1 14.3% 3.3% 0.214

Pre-treatment NIHSS (±SD) 14.3(5.0) 13.7(5.1) 0.651

*
Peripheral Vascular Disease
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Table 3

Outcome measures between Hypothermia and normothermia patients.

Hypothermia (Group 2, 5, 6) n=28 Normothermia (Group 1, 3,4) n=30 Fisher’s Exact Test p-value:

mRS 0–1 at 90 days 5 7 0.747

NIHSS at 90 day (mean ±SD) 6.3 (±6.6) 3.8 (±3.0) 0.355

At least one SAE (%) 75 43.3 0.018

Pneumonia (%) 50 10 0.001

All ICH (%) 28.6 20 0.752

Symptomatic ICH (%) 3.6 10 0.609

Mortality by 90 days (%) 21.4% 16.7 0.744
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