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Abstract

Background and Purpose—Therapeutic hypothermia (TH) is a potent neuroprotectant
approved for cerebral protection after neonatal hypoxia-ischemia and cardiac arrest. TH for acute
ischemic stroke is safe and feasible in pilot trials. We designed a study protocol to provide safer,
faster TH in stroke patients.

Methods—Safety procedures and 4°C saline infusions for faster cooling were added to the
Intravascular Cooling Treatment in Acute Stroke (ICTuS) trial protocol. A femoral venous
intravascular cooling catheter following intravenous rt-PA in eligible patients provided 24 hours
cooling followed by a 12 hour re-warm. Serial safety assessments and imaging were performed.
The primary endpoint was 3-month modified Rankin score 0,1.

Corresponding Author: Patrick Lyden, Department of Neurology, AHSP A6417, 127 S San Vicente Blvd, Los Angeles, CA 90048,
310-423-5166, lydenp@cshs.org.
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Results—Of the intended 1600 subjects, 120 were enrolled before the study was stopped.
Randomly, 63 were to receive hypothermia (HY) plus anti-shivering treatment and 57
normothermia (NT). Compared to prior studies, cooling rates were improved with a cold saline
bolus, without fluid overload. The intention-to-treat primary outcome of 90-day mRS 0,1 occurred
in 33% HY and 38% NT subjects, OR (95% CL) of 0.81 (0.36, 1.85). Serious adverse events
occurred equally. Mortality was 15.9% HY and 8.8% NT subjects, OR (95% CL) of 1.95 (0.56,
7.79). Pneumonia occurred in 19% HY vs. 10.5% in NT subjects, OR (95% CL) of 1.99 (0.63,
6.98).

Conclusion—Intravascular TH was confirmed to be safe and feasible in rt-PA treated acute
ischemic stroke patients. Protocol changes designed to reduce pneumonia risk appeared to fail,
although the sample is small.

Clinical trial registration—clinicaltrials.gov NCT 01123161.

Therapeutic hypothermia (TH) is the most potent neuroprotectant ever studied in
experimental cerebral ischemia, with multiple effects at several stages of the ischemic
cascadel 2. Clinical trials confirmed powerful protection with TH after accidental neonatal
hypoxic-ischemic injury3: 4 and global cerebral ischemia after cardiac arrest® © and national
and international guidelines recommend TH for these patients’. Clinical trials of TH for
acute ischemic stroke are less well developed, but pilot studies have suggested benefit8.
Early pilot trials used surface cooling technology in stroke patients who were intubated due
to severe strokes, and therefore pharmacologically paralyzed, facilitating shivering
control®11, More rapid cooling and tighter temperature control may be facilitated by
intravascular cooling catheter technology, but anti-shivering measures are required.

We have been developing intravascular cooling for acute ischemic stroke over the course of
several trials. The initial study, Intravascular Cooling Trial of Acute Stroke or ICTusS,
demonstrated safety of 12 or 24 hours of intravascular cooling in stroke patients2,
Subsequently, the ICTuS-L trial confirmed the safety and feasibility of intravascular TH in
patients who received intravenous rt-PA13. We developed an anti-shivering regimen and we
determined that both cooling speed and target-temperature control depended on the patient’s
body mass index (BMI) primarily, but also on effective shivering control!4. Unfortunately,
there was a significantly elevated incidence of pneumonia in the ICTuS-L patients who
received hypothermia and the antishivering regimen?®. The antishivering regimen includes
two drugs, buspirone and meperidine, known to cause sedation and swallowing-reflex
impairment so we hypothesized that the increased pneumonia could be due to aspiration. On
the other hand, in ICTuS-L there appeared to be surveillance bias and no precise pneumonia
definition, both of which may have led to over-call of pneumonia in TH treated patients.

We sought to test the hypothesis that pneumonia risk could be reduced by implementing a
precise definition of pneumonia, rigorous surveillance, nasogastric drainage, and minimal
use of meperidine in the ICTuS 2 study. During the application to renew funding for the trial,
however, several publications established the efficacy of intra-arterial neurothrombectomy
for selected patients!6. Given that the target patient population in ICTuS-2 largely
overlapped that included in these trials, the Steering Committee elected to halt ICTuS-2,
examine the data, and redesign the trial to include neurothrombectomy. Here we report
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whether the pneumonia rate was in fact lowered in ICTuS-2 and whether the cold saline
bolus was safe and effective.

The ICTuS-2/3 program was part of an NINDS funded Specialized Program Of
Translational Research In Acute Stroke (SPOTRIAS), a collaboration among the NINDS,
University of California at San Diego, and University of Texas at Houston. The ICTuS-2/3
protocol (NCT 01123161), including the statistical analysis plan, has been published!’. In
brief, the study sought to determine whether the combination of thrombolysis and
hypothermia/antishivering regimen is superior to thrombolysis alone for the treatment of
acute ischemic stroke. ICTuS-2/3 was a prospective, randomized, single-blind, multi-center
Phase 2/3 study to include 1600 ischemic stroke patients treated within 3 hours of symptom
onset with intravenous rt-PA, NIHSS =7 and <20 (left brain stroke) or <24 (right brain
stroke), age 22-82. Intra-arterial recanalization procedures were disallowed. The study was
to be conducted in two stages: a Phase 2 study (ICTuS-2) to assess the safety and feasibility
of various protocol changes, to demonstrate sufficient recruitment, and to allow an interim
analysis for futility; then a Phase 3 efficacy study (ICTuS-3) if pre-specified milestones were
achieved. Phase 2 was to include 400 patients who would have been included in the total
1600-patient Phase 3 study. All patients received intravenous rt-PA. Patients were randomly
assigned to either hypothermia (HY) targeted to 33°C or normothermia (NT) with a web-
based application that used a random permuted block design stratified by site. Patients
randomized to HY immediately received 2 liters of normal (0.9%) saline (4°C temperature)
as fast as possible; NT patients received the same volume of room temperature saline.
Hypothermia patients were then cooled with an intravascular cooling device (Celsius
Catheter, Innercool, Carlsbad) for 24 hours, followed by controlled re-warming for 12 hours.
Antishivering measures (meperidine, buspirone, skin warming) were utilized for all 36
hours. Shivering was assessed with a validated clinical rating scale8. Breakthrough
shivering was treated with escalating intravenous meperidine. If shivering could not be
controlled without respiratory compromise, the target temperature was to be increased in
0.5°C increments until shivering stopped (called “permissive hypothermia”). All patients
underwent daily surveillance for pneumonia using the Centers for Disease Control (CDC)
definition, with prompt initiation of antibiotic therapy in suspected cases®. The primary
endpoint was favorable outcome, defined as a 90-day Modified Rankin Score (mRS) of O or
1. Additionally, we tested the hypothesis that an NIHSS 7 points improvement by 7 days
after stroke could accurately detect favorable treatment response?0. A further pre-specified
analysis was a hypothesis that pneumonia risk could be predicted by the initial 24-hour rise
in hs-CRP as a biomarker.

Recruitment was suspended on December 31, 2014. Final follow up visits were completed
by April 30, 2015. The results are reported here according to our pre-specified statistical
analysis plan for an intention-to-treat (ITT) and per protocol (PP) analysis.
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The CONSORT flow diagram?! is presented in Figure 1. Of the projected 1600 patients, 120
patients were enrolled (63 assigned to hypothermia (HY) and 57 to normothermia (NT)), so
no statistically significant primary results were expected. Of the 120 enrolled patients, 16
(13%) exhibited rapid reversal of their deficit before study procedures could be initiated,
making them “early responders”. The early responders (9 HY and 7NT) were included in the
ITT population but not the PP analysis. Additionally, one HY patient suffered catheter
insertion failure and in one HY patient the team did not attempt catheter placement: for the
PP analysis they were both re-assigned to the NT group. Four additional patients were
excluded from the PP analysis due to disallowed procedures (n=3, intra-arterial
embolectomy) and pre-morbid mRS > 1 (n=1). This resulted in a PP population of 51 HY
and 49 NT patients.

The groups were well balanced with respect to variables that influence outcome in acute
stroke trials (Table 1). The ITT primary outcome of 90-day mRS 0,1 was observed in 33% in
the HY and 38% in the NT group, for an OR (95% CL) of 0.81 (0.36, 1.85), Fisher’s Exact
test not significant (NS). Similarly, in the PP population 90-day mRS 0,1 was seen in 24%
HY and 38% NT patients, OR (95% CL) of 0.50 (0.19, 1.30). We analyzed several
alternative outcome measures (secondary and sensitivity analyses), all of which were pre-
specified in the statistical analysis plan. Using severity-adjusted outcomes based on initial
NIHSS, the ITT adjusted OR (95% CL) for a good outcome was 1.37 (0.60, 3.19). The PP
adjusted OR (95% CL) was 0.89 (0.34, 2.30). Using an ordinal regression model, the ITT
OR for mRS 2-6 in the hypothermia group was 1.03 (0.55 to 1.95) and the PP OR was 1.39
(0.69 to 2.80).

The sample size was insufficient to properly assess the benefit of TH; for exploratory
purposes, a pre-specified multi-variable analysis was constructed using variables well-
established to influence stroke outcome: age, baseline NIHSS, diabetes history, admission
glucose, and time from stroke onset to start of rt-PA (details provided as a supplement). The
OR (95% CL) for a good outcome (ITT population) in the HY group was 0.62 (0.26 to
1.51). The OR (95% CL) for a good outcome (PP population) in the HY group was 0.29
(0.10 to 0.85), Fisher’s Exact test p<0.05. Time to reach target temperature did not appear to
change outcome: using the PP population, 33 patients achieved a core body temperature
below 35°C within 6 hours of cooling onset; in these more rapidly cooled patients the
proportion with 90-day mRS 0,1 in the HY group was 24%, compared to 38% in 47 NT
patients, OR 0.52 (0.16,1.52).

The range of adverse events was similar between groups (see supplemental data) and
consistent with prior large stroke trials?2 23, The ITT incidence of serious adverse events
was 41% in the HY group and 35% NT, OR (95% CL) 1.30 (0.58, 2.92). Mortality was
15.9% in the HY group vs. 8.8% in the NT, for an OR (95% CL) of 1.95 (0.56, 7.79).
Pneumonia was confirmed in 19% in the HY group vs. 10.5% in the NT group, for an OR
(95% CL) of 1.99 (0.63, 6.98). No serious adverse event trends in any other specific organ
class appeared in the ICTuS-2 data. Most importantly, no adverse events related to the
intravascular cooling catheter, such as hematoma or arterial injury, were detected. No
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statistically significant increase in fluid overload was noted in either group: (3/63 (4.8%) HY
vs 7/57 (12.3%) NT). The incidence of symptomatic ICH was low in both groups, 3.5% for
NT and 1.6% HY, OR (95% CL) of 0.45 (0.01, 8.80).

In exploratory univariate analyses, without corrections for multiple comparisons, the
following laboratory test results showed statistically significant 24—36 hour elevations or
{decreases} from baseline in the hypothermia group (Wilcoxon rank sum test, p<0.05):
white blood cell count, {platelets}, BUN, AST, ALT, CPK. These changes all resolved by
discharge, except AST and ALT elevations were still statistically significant at Day 7. The
changes in liver and kidney function were noted in the prior ICTuS-L trial, and none were
considered clinically significant. The increase in white blood count may reflect the increased
risk of pneumonia in the HY group, although the strength of this association was not tested.

As expected due to the small sample size, none of the secondary endpoints were statistically
significantly different between the study groups. The NIHSS score at 7 days was 10.6+11.3
in the NT group (n=55), vs. 10.4+10.3 in the HY group (n=58). The Barthel index at 90 days
was not different between the groups, in either the ITT population or the PP population, ITT
Odds Ratio: 0.81 (0.33,1.95). The mRS at 60 days was not different between the groups in
either the PP or the ITT populations.

To identify markers of efficacy, we tested several derived variables for any impact on
outcome. For these analyses we selected only HY patients who successfully received the
intravascular catheter. To determine if TH benefited patients with larger infarctions, we
selected patients who were classified as “large vessel occlusion” by the 7-day TOAST
coding: there was no trend toward benefit in these patients. Similarly, there was no sign of
benefit in patients who showed a hyperdense MCA sign or early ischemic change on
baseline CT scan.

We confirmed that greater than 7-point decrease in the NIHSS at 7 days following stroke
significantly correlated with 90-day mRS. For patients who exhibited such an improvement
compared to those patients without such improvement the ITT OR (95% CL) for a 90-day
mRS 2-6 was 0.06 (0.02,0.21), Fisher’s Exact test p <0.0001. This finding is important
because the use of a short-term surrogate endpoint that accurately predicts 3-month Rankin
could allow significantly shorter development cycles at lower cost.

Among PP patients, baseline hs-CRP measurements did not differ between groups (Table 2).
At 24 hours there was a significant increase in hs-CRP in both groups. Overall (both groups
combined n=82) the increase was mean+SD 19.52+25.06. The 24h increase in all PP
patients (both treatment groups combined) who developed pneumonia (n=16) was
27.40£31.07, compared to 17.61+23.21 in those who did not (n=66). The difference was not
statistically significant (Wilcoxon rank sum p=0.17). However, there was a significant
difference between the treatment groups, as summarized in Table 2: in NT patients the 24h
increase in hs-CRP indicated patients at risk for developing pneumonia but in HY patients
the 24h increase in hs-CRP was the same in patients with or without pneumonia.

Time to key study events are summarized for the HY group (ITT n=53) in Figure 2. Time
from arrival to rt-PA treatment was about 60 min, which was excellent at the time this study
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was being conducted. Time from symptom onset (or last known well time) to onset of
cooling was 287.6+65.8min (range 175 to 477min). Both groups received equal volume
saline infusions, 1970+457 ml (150 to 3000 ml). The time to completion of the infusions,
although quite variable, was also equal between both groups: 132+219 min, (17 to 1650
min). The effect of a cold saline bolus on temperature is shown in Table 3, and there appears
to be a statistically significant effect due to the 4°C infusion in the hypothermia patients
(p<0.0001). In most cases, however, the intravascular cooling catheter was inserted during
the cold saline infusion, so the recorded temperatures reflect the combined effect of both the
saline and the cooling catheter.

Hypothermia and the antishivering treatment had little effect on blood pressure or oxygen
saturation (Figure 3). The total meperidine used in the HY patients (n=52) was mean+SD
1219.6+ 424.5mg. Respiratory rate was significantly depressed, however, probably
indicating over-treatment with the anti-shivering medications and failure of the permissive
hypothermia protocol (Figure 3B). Cooling was rapid, with most patients at target within 2
hours (Figure 3D)

We explored a possible ‘dose-response’ effect of cooling by using the AUC method we
published previously4. The 24 hour AUC was compared using 34, 35, and 36°C as the
criterion for “target” temperature. The “dose” delivered below 34 (i.e. any temperature
<34.0) was relatively little. On the other hand, there was a significant AUC under 35°C,
affording moderate hypothermia. Thus, the efficacy results in this small study reflect the
effect of mild (<35°C) hypothermia.

Discussion

ICTuS-2 was intended to include 400 patients and test whether pneumonia risk in HY vs NT
patients could be reduced by certain protocol changes after ICTuS-L, and whether a cold-
saline infusion enhanced cooling speed without causing fluid overload. We further tested
whether pneumonia risk could be predicted from 24-hour changes in hs-CRP levels and
whether 7-day improvements in NIHSS predicted 90-day mRS. The trial was stopped early
due to the approval of intra-arterial neurothrombectomy and the expiration of the initial
funding period, yet the two study groups were well matched (Table 1). Due to the small
sample size there was little possibility of seeing statistically significant indications of benefit
or harm; in confirmation of this, we examined various subsets of the data, including per-
protocol, large vessel stroke, and early treated patients; we found no effects. In a single pre-
specified PP analysis, we found a statistically significant result: in a multivariable regression
that included age, baseline NIHSS, and other important variables, TH appeared to decrease
significantly the odds of a good recovery (Fisher exact p<0.05), but this result must be
qualified as we did not correct for multiple comparisons. Additional, properly powered
clinical trials must be completed.

As for safety, the final sample size is insufficient to confirm or refute any risk. Nominally,
there was a trend toward higher mortality in the HY group, perhaps related to a trend toward
more pneumonia. Although the increased pneumonia rate was not statistically significant,
the magnitude of the increase was similar to that seen in the previous ICTuS-L trial,
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suggesting that the protocol changes developed for ICTuS-2 did not succeed in limiting
pneumonia during TH in awake patients. In contrast to the previous ICTuS-L, in the
ICTuS-2 protocol there were precise definitions of pneumonia and careful surveillance of
both treatment groups using Centers for Disease Control standards to overcome perceived
case ascertainment bias in the previous study. Thus, having eliminated case ascertainment
bias, the elevated pneumonia rate in ICTuS-2 probably indicates a real side effect of
prolonged (24 hours) cooling and antishivering treatment. In contrast, and more reassuring,
the rate of SAE was similar in both groups without signs of fluid overload due to the saline
loading bolus.

Stroke patients who develop pneumonia exhibit higher hs-CRP 24 hours after

admission24 25 and we confirmed this, however HY patients without pneumonia also
exhibited a large rise in 24-hour hs-CRP (Table 2). Thus, while it may be possible to develop
a biomarker using hs-CRP to predict pneumonia in normothermic patients, apparently this
would not be reliable in patients treated with TH.

While none of the results of ICTuS-2 are statistically significant, the overall impression of
the data is relatively negative, with a nearly 2-fold nominal increase in pneumonia rate and
mortality in the treated group. These worrisome trends ought to be tested in a larger trial, but
several observations must be considered. First and foremost, hypothermia in awake patients
requires aggressive shivering control, and these measures—which include prolonged
infusions of meperidine—likely increase susceptibility to complications such as aspirationt®.
To avoid over-sedation in shivering patients, ICTuS-2 introduced a “permissive” approach to
target temperature: the investigator was to treat shivering with meperidine only to a point of
early sedation and thereafter to titrate upward the target temperature as needed to control
shivering. Our data suggest that this permissive approach failed to significantly impact the
pneumonia risk compared to the prior ICTuS-L trial. Further, as illustrated in Figure 3B the
two study groups differed significantly in terms of respiratory suppression, suggesting the
investigators did not fully implement “permissive hypothermia”.

The cold saline bolus appeared to improve cooling rates (time needed to achieve target) and
should be included in future treatment protocols (Table 3, Figure 3D). Cold saline boluses
have been implemented in pre-hospital treatment of post-cardiac arrest patients26. In the
future, more powerful heat-extraction methods will likely cool patients to target temperature
much more quickly. For example, it appears that intra-carotid cold saline for a very brief
exposure provides powerful neuroprotection without the need for whole body cooling?’. On
the other hand, extremely powerful cooling techniques that can lower whole body
temperature—and presumably brain temperature—within 20 minutes may provide the same
or greater benefit without the safety issues associated with intra-carotid infusions.

Other limitations of ICTuS-2 should be noted, in addition to the small sample size. The
intervention is invasive, and sham control catheterizations were not used. Thus, the trial was
single-blind (the outcome examination was performed by a blinded examiner). as has been
used widely in recent interventional trials?8. The antishivering protocol we designed
included therapy of proven benefit: meperidine, buspirone, and surface skin warming. Many
practitioners recommend additional treatment using unproven therapy such as magnesium
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and dexmedotomidate2®. We could not find rigorous justification for including these agents,
but if they are truly effective then prohibiting them may partially explain the negative result
in this small trial.

In conclusion, the ICTuS-2 trial was stopped early due to secular, significant changes in
standard care of acute ischemic stroke. While the data were insufficient to permit any
statistically significant findings, it appears that protocol measures designed to prevent
pneumonia failed. Whether the explanation lies with TH or the sedating, antishivering
protocol is unclear. Future studies will be needed to develop an effective, safe TH regimen
for acute stroke.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CONSORT Flow Diagram

Enrollment

Assessed for eligibility (n=2722) ‘

Excluded (n=2602)

+ Inclusion criteria (n=1997)
+ Exclusion criteria (n=844)
+ Other reasons (n= 48)

(patients may be excluded for more than one reason)

Randomized (n=120)

Allocation

+ Received allocated intervention (n= 62 )
+ Did not receive allocated intervention
(catheter insertion failure (n=1)

Allocated to hypothermia (n= 63) Allocated to normothermia (n=57)
+ Received allocated intervention (n=57)
+ Did not receive allocated intervention (n=0)

Follow-Up

Lost to follow-up (n=1) Lost to follow-up (n=1)

Discontinued intervention (n= 0) Discontinued intervention (withdrew consent) (n=1)

Analysis

Analysed (n=63) Analysed (n=57)
Analysed primary outcome analysis (mRS) (n=63) Analysed primary outcome analysis (MRS) (n=55)
+ Excluded (n=0) + Excluded (missing day 90 outcome) (n=2)

Figure 1. CONSORT flow diagram

The flow of patients into the trial is summarized according to CONSORT guidelines.
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Patients could be excluded for more than one reason. A total of 3 patients were lost to follow
up, 2 NT and 1HY. However, the HY patient was available by telephone, and for the 3 month

mRS (primary endpoint) only, a score was recorded.
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Figure 2. Key Trial Milestones
Time from arrival in the Emergency Department (ED) to key milestone events is

summarized with box plots. Out of 63 ITT HY patients, no data was collected in 9 “early
responder” patients; one patient crossed over from HY to NT; so the plots summarize data
from the remaining 53 ITT HY patients. Each line represents the median, each box
represents the upper and lower quartile, and whiskers are 1. 5* interquartile distance (IQD)
from the quartile (upper, and lower, respectively). Outliers are shown as open circles. Bolus
= time to rt-PA bolus. Saline = time to initiation of saline bolus. Cath = time to skin puncture
for intravascular cooling catheter insertion. Cool = time to initiate cooling (start the cooling
console) after successful catheter insertion. Target = time to first temperature in target range
(<34 °C) or lowest temperature achieved if target was never reached.
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D. Core Body Temperature
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Figure 3. Vital Signs Throughout the Duration of Cooling and Rewarming
At each time point the ITT population mean and 95% confidence intervals using standard

errors is shown for each variable. Systolic blood pressure (Panel A) and oxygen saturation
(Panel C) were not statistically different between groups. Respiratory rate (Panel B) was
significantly suppressed in the hypothermia group (Wilcoxon Rank Sum test P<0.01). Core
body temperature (Panel D) was rapidly and significantly reduced (Wilcoxon Rank Sum test
P<0.01).
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Table 1
Baseline Demographics

The ITT population baseline characteristics are compared between treatment groups. There were no
statistically significant differences and summary values are within ranges typically seen in clinical trials of
acute ischemic stroke patients. Categorical variables are summarized as mean+SD; proportions are
summarized as a percent. Temperature at baseline (pre-intervention) is shown. Time from stroke symptom
onset (or last known well) to initiation of the rt-PA bolus is summarized.

Variable Hypothermia (n=63) | Normothermia (n=57)
Age (years) 65.5+10.3 67.5+11.1

Male (%) 54 61

Weight (kg) 87.1+19.7 85.0+23.7
Diabetes Mellitus (%) 25 30
Hypertension (%) 81 72

Heart Rate (bpm) 83+15 80+15
Temperature (°C) 36.6+0.46 36.4+0.50
NIHSS 14.1+4.8 14.5+4.9

Onset to rt-PA (min) 105+37 114+37
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Effect of hypothermia on hs-CRP and pneumonia

Table 2

Page 16

For both the ITT and PP population, the 24-hour delta hs-CRP (24h value — baseline value) is summarized as
meanxSD. Differences between the groups were tested with a Wilcoxon Rank Sum test without correction for
multiple comparisons.

Group

With pneumonia

No pneumonia

Significance

Normothermia PP

27.2+15.67 (n=4)

11.18+23.13 (n=35)

P<0.05

Hypothermia PP

27.46£35.35 (n=12)

24.88+21.40 (n=31)

NS

Normothermia ITT

29.43%21.29 (n=6)

10.08+21.40 (n=39)

P<0.05

Hypothermia ITT

27.458+35.35 (n=12)

23.37+21.43 (n=40)

NS
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Table 3
Effect of Cold Saline Bolus on Core Body Temperature

For the PP population, the starting and ending temperatures are summarized as meanSD for both groups. In
the NT group the saline was administered at room temperature, while in the HY group the starting temperature
of the saline was 4°C. Differences between the groups were tested with a Wilcoxon Rank Sum test without
correction for multiple comparisons.

| N | MeanzSD | P

Temperature at Start of Saline Bolus

Normothermia | 46 | 36.5+0.5

Hypothermia 49 | 36.4+0.9 NS

Temperature at End of Saline Bolus

Normothermia | 48 | 36.4+0.5

Hypothermia 50 | 35.5%1.2 <0.0001
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