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Treatment of fever in the neurologic intensive care unit with a
catheter-based heat exchange system

Michael N. Diringer, MD; for the Neurocritical Care Fever Reduction Trial Group

Context: Elevated temperature worsens injury in experimental
focal and global ischemia and brain trauma. Fever is common in
patients with acute neurologic illness and independently predicts
poor outcome. Conventional means of treating fever are not very
effective in this population.

Objective: To study the effectiveness of a catheter-based heat
exchange system in reducing elevated temperatures in critically
ill neurologic and neurosurgical patients.

Design, Intervention, Setting, and Population: This was a pro-
spective randomized, nonblinded trial that compared conventional
treatment of fever (acetaminophen and cooling blankets) with
conventional treatment plus an intravascular catheter-based heat
exchange system (Alsius, Irvine, CA). Patients admitted to one of
13 neurologic intensive care units in academic medical centers
were eligible if they a) suffered subarachnoid hemorrhage, intra-
cerebral hemorrhage, ischemic infarction, or traumatic brain in-
jury; b) had a temperature >38°C on two occasions or for >4
continuous hrs; and c) required central venous access.

Main Outcome Measure: The fever burden (area under the

curve >38°C) for 72 hrs was compared in an intention to treat
analysis. Safety of the catheter system was monitored.

Resulis: A total of 296 patients were enrolled over 20 months.
Forty-one percent had subarachnoid hemorrhage, 24% had trau-
matic brain injury, 23% had intracerebral hemorrhage, and 13%
had ischemic stroke. The groups were matched in terms of age,
body mass index, sex, and Glasgow Coma Scale score distribu-
tion. Fever burden was 7.92 vs. 2.87°C-hrs in the conventional
group and catheter groups, respectively (64% reduction, p < .01).
There was no higher rate of infection or the use of sedatives,
narcotics, or antibiotics in the catheter group. The catheter did
not significantly increase risk to the patient beyond that of a
central catheter.

Conclusions: The addition of this catheter-based cooling sys-
tem to conventional management significantly improves fever
reduction in neurologic intensive care unit patients. (Crit Care
Med 2004; 32:559-564)

Kev Worps: fever; head injury; subarachnoid hemorrhage; in-
tracerebral hemorrhage; ischemic stroke; central venous catheter

levated temperature worsens
outcome in experimental
models of cerebral ischemia
and brain trauma; this is as-
sociated with increased levels of excito-
toxins and oxygen radicals, destabiliza-
tion of cell membranes, and increased
number of abnormal electrical depolar-
izations (1-5). Even an increase in tem-
perature of 0.5°C results in a greater zone
of injury and neuronal loss (5-8). Fever
is common in critically ill neurologic and
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neurosurgical patients, and its causes in-
clude not only infections but also the
release of endogenous pyrogens due to
neuronal injury or the presence of blood
in the cerebral parenchymal, ventricles,
and subarachnoid space.

Fever is an independent predictor of
poor outcome in patients with ischemic
stroke, intracerebral hemorrhage and
subarachnoid hemorrhage (9-14). The
impact of fever control on clinical out-
come, however, has not yet been tested,
in large part due to the lack of an effective
means to control fever. Despite this, tak-
ing measures to reduce fever is recom-
mended by guidelines for the manage-
ment of ischemic stroke, intracerebral
hemorrhage, subarachnoid hemorrhage,
and traumatic brain injury (15-18). The
most commonly used antipyretic is acet-
aminophen, although aspirin, ibuprofen,
or indomethacin are used when the risk
of bleeding is considered low.

Acetaminophen is not very effective at
preventing or reducing fever. When high-
dose acetaminophen was given prospec-
tively to ischemic stroke patients, the av-

erage temperature during the first 24 hrs
after admission was 0.4°C lower than pla-
cebo-treated patients and no different af-
ter 5 days (19). In a prospective, random-
ized study of 220 febrile neurologic
intensive care unit (ICU) patients, half
were treated with acetaminophen and
half with acetaminophen plus air-cooled
blanket therapy. In the acetaminophen
group about one third of patients re-
mained febrile, and the air-cooled blanket
did not improve fever control (20).
Physical means used to lower temper-
ature include surface cooling with water
or air-filled cooling blankets, ice packs,
nasogastric or rectal lavage, and alcohol
baths. These methods may have limited
efficiency due to skin vasoconstriction
and shivering. In one study, (20) 12% of
patients refused or were unable to toler-
ate the air-cooled blanket therapy. Exter-
nal cooling with rotary fans, cooling
blankets, and alcohol sponge baths are
also time consuming and challenging for
the nursing staff (21). The goal of this
study was to test the hypothesis that in
neurologic ICU patients, an intravascular
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catheter-based cooling system was more
effective in controlling fever than con-
ventional means.

MATERIALS AND METHODS

The Neurocritical Care Fever Reduction
Trial Group performed an Investigational De-
vice Exemption Study (G990263) to evaluate
the CoolGard/Cool Line catheter system (Al-
sius, Irvine, CA). The study was conducted in
compliance with all Food and Drug Adminis-
tration regulations with the approval of each
participating center’s institutional review
board. Written informed consent was obtained
in all cases. This study follows a successful
feasibility study and publication of systems
performance (22).

Patients >17 yrs of age were eligible if they
a) had a persistent fever (temperature of
>38°C for 4 continuous hrs or two tempera-
ture spikes of >38°C within 72 hrs, the second
occurring within 4 hrs of enrollment); b) clin-
ically required central venous access; and c)
were admitted with a diagnosis of subarach-
noid hemorrhage, intracerebral hemorrhage,
traumatic brain injury (Glasgow Coma Scale
score <10), or ischemic stroke (National In-
stitutes of Health Stroke Scale score >7).

Patients with the following were excluded:
hypothermia (core temperature <36.5°C), ac-
tive sepsis, spinal cord injury, active cardiac
dysrhythmia with hemodynamic instability
(determined by enrolling physician), preg-
nancy, use of barbiturate coma, use of >325
mg/day of aspirin, or if the patient was un-
likely to remain in the ICU for 72 hrs.

Sample size was calculated using PASS 6.0
(Power and Sample Size Calculator, Number
Cruncher Statistical Systems, Kaysville, UT)
based on a 20-patient randomized investiga-
tional pilot study (22) that estimated fever
burden in the control group to be 9.27 *+
8.5°C-hrs (mean = sp); the hypothesis that
the catheter would result in a 30% reduction
in fever burden; a type I error of 0.05; and a
statistical power of 80%. The sample size was
calculated to be 111 patients in each group.
The final sample size was increased to 148
patients per group for a total of 296 patients to
account for possible incomplete data collec-
tion defined as missing temperature measure-
ments for >4 consecutive hrs or a total dura-
tion of temperature measurements <65 hrs.

Design. Randomization was determined
using computer-generated group assignment.
Patients were block randomized 1:1 based on
diagnosis and study site to either the control
group (CON) or catheter group (CATH). Both
cohorts were treated using a standardized fe-
ver management protocol (Table 1), and the
CATH cohort was also treated with the Cool-
Gard/Cool Line catheter system for 72 hrs.
The catheter could continue to be used for up
to 7 days. The patient’s bladder temperature
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was continuously monitored and recorded
hourly during the study. All data were sub-
jected to a 100% audit, which verified that the
reported data agreed with source documents.

Device. The CoolGard/Cool Line catheter
system has three components: the CoolGard
external heat exchange and control unit, the
Cool Line Catheter heat exchange catheter,
and the Start-up Kit tubing set. The 8.5-Fr
Cool Line intravascular heat exchanger cath-
eter simultaneously functions as a single- or
double-lumen central venous catheter. It is
placed in the subclavian jugular or femoral
vein using standard techniques. Normal saline
is pumped from the CoolGard unit, via the
tubing set, through two balloons coaxially
mounted on the catheter in a closed loop that
returns the saline to the CoolGard system. The
CoolGard alters the temperature of the circu-
lating saline to maintain the patient’s temper-
ature at a programmed value. Heat is trans-
ferred from the blood to the saline inside the
balloon. With appropriate settings, the Cool
Line intravascular heat exchange catheter has
a cooling power of 60 W and can achieve
cooling rates of up to 2.5°C/hr.

Patient Management and Monitoring.
Baseline chest radiograph and blood, urine,
and sputum cultures were obtained at the
time of enrollment. White blood cell count
was monitored daily. Additional cultures were
obtained and a chest radiograph performed if
the white blood cell count rose by 20% or
temperature exceeded 38.0°C. Ventilator
warming device temperatures were main-
tained at 37°C. Antipyretic medications not
listed in the fever management protocol were
avoided. Due to the very low frequency of
shivering in earlier studies, no standardized
treatment was required.

All adverse events were reported by the
local principal investigator along with their
assessment as to the relationship to the study
device. The safety monitoring committee in-
dependently reviewed these assessments. All
deaths were review by an independent review
board, which was blinded to treatment.

Table 1. Conventional fever management protocol

End Points. The primary effectiveness
end point in this study was total fever bur-
den during the first 72 hrs of treatment. The
fever burden was calculated, based on previ-
ously established methodology for assess-
ment of antipyretic therapy, as the product
of the fever and its duration (23-26). An
example of the fever burden in an individual
patient from each group is depicted in Fig-
ure 1. Fever burden between the two cohorts
was compared using a logarithmic scale to
account for the curtailed normal distribu-
tion of the recorded patient temperatures
above 38°C. The use of antipyretics, surface-
cooling devices, and antibiotics and the fre-
quency of infections was recorded. The
safety of the product was assessed by pro-
spectively monitoring for the following
complications: death from any cause, pneu-
mothorax or hemothorax related to central
catheter placement, bacteremia, cardiac ar-
rhythmias, pulmonary embolus, myocardial
infarction, and thrombocytopenia.

Analysis. An intention to treat analysis was
performed that included all enrolled patients.
Missing serial measurements were interpo-
lated based on the last and first observations
bracketing the interval of the missing mea-
sure(s). If a patient ceased therapy before 72
hrs, the patient’s average fever burden over
the available time was used to extrapolate to
72 hrs. Incomplete temperature data were de-
fined as =4 consecutive hrs of missing data or
<65 total hrs of data.

Fever burden in the two groups was com-
pared using a two-tailed Student’s 7-test for
independent groups. The frequency of compli-
cations between groups was compared using
the chi-square or Fisher’s exact test, as appro-
priate. The mortality between groups was
compared as a secondary end point using uni-
variate analyses and logistic regression. The
initial model included the following baseline
variables: etiology (traumatic brain injury, in-
tracerebral hemorrhage, subarachnoid hem-
orrhage, and ischemic stroke), race (white vs.
nonwhite), blood pressure, pulse, sex, Glasgow

If bladder temperature =38°C

1. Acetaminophen 650 mg every 4-6 hrs (PO, NG, or PR)
2. If fever does not resolve within 2 hrs, add or substitute ibuprofen 600 mg every 4—6 hours

(PO, NG, or PR) except for patients with
Primary intracerebral hemorrhage

Subarachnoid hemorrhage without repair of aneurysm
Closed head injury with intracerebral hematoma
Subdural, epidural, or parenchymal hemorrhage with abnormal platelet counts (below

institutional normal range)

Known acute gastric ulcer or bleeding or positive hemoccult test

If bladder temperature >38.5°C

1. Add cooling blanket until temperature <37°C

2. If fever does not resolve within 60 mins, may add

Gastric lavage
Ice packs
Extra cooling blanket

PO, by mouth; NG, nasogastric tube; PR, by rectum.
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Coma Scale score (3-5, 6—8, or 9-15), age
(<60, 60-75, or >75), body weight, and body
mass index. In addition, interactions between
treatment group and each baseline variable
were included. Entry criteria into the model
were p < .1 on a univariate analysis, and
retention criteria was p < .05.

RESULTS

A total of 296 patients were enrolled
from June 2000 to March 2002. One pa-
tient was lost to follow-up. The per-
protocol population included 238 pa-
tients. Sixteen patients were excluded
because they did not meet the entry cri-
teria or because of protocol violations.
One patient was withdrawn by the attend-
ing physician. An additional 53 patients
with incomplete data were excluded due
to early death, prolonged time out of the
ICU for diagnostic tests or procedures, or
incomplete data collection (Figure 2).

Baseline Characteristics. The majority
of the enrolled patients had subarachnoid
hemorrhage, followed by traumatic brain
injury, intracerebral hemorrhage, and
ischemic stroke. The two cohorts did not
differ with respect to any baseline vari-
ables (Table 2). Cool Line catheters were
placed in the subclavian (73%), internal
jugular (15%), and femoral (12%) veins
with similar distributions of insertion
sites for the two cohorts.

Fever Burden. The CATH group dem-
onstrated reduced fever burden in both
the intention to treat and per-protocol
populations (Table 3). There was also
lower use of antipyretic agents, other
means of fever management, sedatives, or
narcotics (Table 4). No other clinical or
demographic factors were significantly
related to fever burden. The differences
between treatment groups were consis-
tent among study sites.

Infections. There was no difference in
the frequency of any infection between
groups (Table 5). The use of antibiotics
was similar in the two groups.

Safety Analysis. The two groups did
not significantly differ in mortality, ma-
jor adverse events, or minor adverse
events. Complications directly attribut-
able to the placement of a central venous
catheter did not differ between groups
and were within Society of Cardiovascu-
lar and Interventional Radiology guide-
lines (27) (Table 5). One multiple-trauma
CATH patient with a Glasgow Coma Scale
score of 3 died after open thrombectomy
for a venous clot that occurred distal to
the site of femoral catheter insertion.
One unanticipated adverse event was re-
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Figure 1. Example of the calculation of fever burden in individual catheter and control group patients.
The graph is a time course of hourly bladder temperature measurements. The area under the fever
curve that exceeds 38.0°C represents the fever burden.

. 1 Patient . 1 Lostto
withdrawn Follow-up
4 Did not 25 Deviations
= . . o
receive device to protocol
" 149 Received 123 Per
= 164 Dovice - device "| protocol
296 Enrolled &
Randomized
l——. 142 Control 115 Per
protocol

Figure 2. Participant flow.

ported along with other device-related is-
sues that resulted in design and labeling
changes. This event did not involve sig-
nificant patient injury.

The groups did not differ in terms of
30-day cardiovascular, gastrointestinal,
pulmonary, hematologic, renal, or neuro-
logic complications. Shivering was noted
to be of concern in four patients (3.7%).
In these patients, shivering was managed
by primarily sedation or by manipulation
of the cooling rate.

Thirty-four CATH and 21 CON pa-
tients died (» = .14). In none of the
disease states was the difference in mor-
tality significantly different. No deaths
were judged to be device related by the
reporting primary investigator or the

_| 27 Deviations
to protocol

data safety review board. The indepen-
dent mortality review board determined
that deaths were primarily due to the
progression of the primary illness and
frequently occurred as a result of the
withdrawal of life-sustaining interven-
tions (Table 6). Most patients died after
the 72-hr temperature control period. No
systematic causal device-related mecha-
nism of injury was identified.

Logistic regression models were devel-
oped to determine whether the use of the
catheter system was related to mortality.
The variables included in the model were
age, disease state, race (white vs. non-
white), diastolic blood pressure, systolic
blood pressure, pulse rate, sex, Glasgow
Coma Scale score (=7 vs. >7), body
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weight, body mass index, and treatment
group. No variables were identified
within the logistic regression that pre-
dicted mortality other than age (p =
.003) and baseline Glasgow Coma Scale

Table 2. Intention to treat patient population

Catheter (n = 154)

Control (n = 142)

Diagnosis, n (%)

Intracerebral hemorrhage 3 (21.4) 27 (19.0)
score (p = .003). Subarachnoid hemorrhage 1(39.6) (44 4)

Cerebral infarction 1 6 (10.4) 4(9.9)

Traumatic brain injury 44 (28.6) (26 8)
DISCUSSION Age, mean * D yrs (n) 53 = 18.2 (154 53 +18.1 (142

Fever is common in the neurologic
ICU, and conventional methods of cool-
ing patients with antipyretics and surface
cooling devices are not very effective. Re-
cently, intravascular catheter-based cool-

Weight, mean =+ sp kg (n)

Height, mean * sb cm (n)

Body mass index, mean = sD (n)
Systolic BP, mean * sp mm Hg (n)
Diastolic BP, mean * sb mm Hg (n)
Pulse, mean = sD beats/min (n)

(154)
78.2 = 16.8 (153)
169.8 = 13.4 (144)
28.5 + 18.7 (144)
152.3 = 28.3 (154)
73.7 = 15.8 (154)
91.7 £ 16.8 (154)

(142)
79.6 = 18.8 (140)
169.3 + 13.7 (137)
28.9 = 17.4 (137)
1534 =+ 28 (142)
74.1 = 13.8 (142)
88.4 = 20.9 (142)

: : GCS score, mode, range (n) 8, 3-15 (154) 9, 3-15 (142)
ing systems have been introduced as an  NIH Stroke Scale score, mean * sp (n) 12.6 + 7.3 (148) 12.8 + 7.9 (137)
alternative means of lowering body tem- ll;emale, (rg/()%) 76 (49.4) 66 (46.5)
3 3 ace, n (/0

prtre, I s rndomie, conled 207 -

, ] A Black 1 (26.6) 36 (25.4)
system was more than twice as effective Asian 8(5.2) 2 (1.4)
as conventional means in reducing fever Hispanic 9 (5.8) 7 (4.9)
burden. Other 4(2.6) 3(2.1)

The use of the intravascular catheter
was not associated with an increase in
complications greater than those associ-
ated with the use of a conventional cen-
tral venous catheter. Despite concern

BP, blood pressure; GCS, Glasgow Coma Scale; NIH, National Institutes of Health.

Table 3. Effectiveness of fever management

Treatment Group

Reduction,
that the use of the catheter could result ¢ lf,c on
¢ ) ! ! CATH CON %
in the failure to diagnose and treat infec-
tions, this was not the case. The 30-day  Fever burden (°C-hrs) for ITT population
infection rate and use of antibiotics (the (n = 296)
catheter was used for a maximum of 7 No. of patients 154 142
days) was the same in both groups. It is Mean (raw) 2.87 7.92 64
hishl likely that infecti Mean (log) 1.42 2.23 64

1ghly unlikely that infections were 95% confidence interval 1.19-1.52  2.06-2.41
missed because the protocol required the p Value <.0001
daily monitoring of the peripheral white Fever burden (°C-hrs) for per-protocol population (n = 238)
blood cell count and collection of cul- II:I/IO’ of patients 21})% 712331 60
tures if the peripheral white blood cell Mean (lraw) T 51
0 £ ean (log) _ . .19 60

count rose by 20% or if temperature ex- 950 confidence interval 1.19-1.56  2.01-2.37
ceeded 38°C. p Value <.0001

Shivering resulted primarily from a
reduction in skin temperature. If the tub- CATH, catheter group; CON, control group; ITT, intention to treat.
mg. set w.as nqt lr.l direct contact Wlth Table 4. Use of conventional cooling methods
patient skin, shivering was uncommon in
patients in the CATH group. It is impor- Treatment Group
tant to note, however, that most of the
patients in this study were intubated and CATH (n = 154) CON (n = 142)
sedated, which may have reduced the rate
of shivering. n % n % p Value

ghe prl;nary t(: n(il point chosen for ,tI,};:S One or more topical cooling device 26 16.9 67 47.2 <.0001
study was fever burden, not outcome. The  ¢ing blanket use 25 16.2 59 416 <.0001
purpose was to demonstrate the ability of  Other device use 7 4.6 19 13.4 .008
the device to effectively treat fever in a  Any antipyretic medication use 94 61.0 127 89.4 <.0001
broad population of neurologic ICU pa- Acetaminophen 87 56.5 124 87.3 <.0001
. . . Ibuprofen 16 10.4 29 20.4 .02
tients. Because of the heterogeneity of this Aspirin 18 17 12 35 i
population, the study was not powered to  Sedative or narcotic use 136 88.3 125 88.0 1.00

assess the impact of the device or of fever
control on ultimate outcome. Now that an
effective tool is available for treating fever
in this population, an outcome study is

CATH, catheter group; CON, control group.

independent review panel that was
blinded to treatment group reviewed each
death. The panel found no relationship

not significantly different between
groups. To assess whether there was any
clinical impact of this apparent trend, an

possible and should be performed.
Although numerically higher in the
catheter cohort, the mortality rates were
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Table 5. Complications of central venous catheters (intention to treat population)

he addition of this

catheter-based

cooling system to
conventional management
significantly improves fever
reduction in neurologic in-

tensive care unit patients.

Observed
Complication Rate
(%)
SCVIR Expected SCVIR Proposed
Complications Rate (%) Threshold (%) Catheter Control
Pneumothorax 1-2 3 0.9 3.3
Hemothorax 1 2 1.9 0
Hematoma 1 2 0 0
Perforation 0.5-1 2 0 0
Air embolism 1 2 0 0
Wound dehiscence 1 2 0 0
Procedure-induced sepsis 1 2 0 0
Thrombosis 4 8 33 7.8
Infections — — 33.8 26.8
Bacteremia — — 1.3 4.2
Cerebral abscesses/ventriculitis — — 1.9 2.8
Meningitis — — 3.9 2.1
Pneumonia — — 19.5 17.6
Sepsis — — 3.2 2.1
Tracheobronchitis — — 1.3 0.7
Urinary tract infection — — 9.1 9.2
Antibiotic use — — 83.8 86.6
SCVIR, Society of Cardiovascular and Interventional Radiologists.
p > .05 for all variables.
Table 6. Mortality, complications, and cause of death (intention to treat population)
Treatment Group
Catheter Control
Mortality, n (%) 34 (22) 21 (15)
Possibly/probably central catheter-related complications
Bacteremia, n 0 1
DVT, n 1 0
Pneumo/hemothorax, n 3 2
Cause of death
Progression of primary insult, n (%) 27 (79) 17 (76)
Cardiac arrest, n 2¢ 0
Rebleeding, n 1 0
Multiple organ system failure, n 1 0
Congestive heart failure, n 1 1
Pulmonary embolus, n 0 1
Respiratory arrest, n 1 0
Hypotension, n 1 1
Unknown, n 0 1%
DNR/withdrawal of support, n (%) 32 (94) 19 (90)

DVT, deep venous thrombosis; DNR, do not resuscitate.
“?Patient was randomized to Cool Line, but did not receive the Cool Line catheter; ®patient was
transferred to another hospital 6 days, and the cause of death was unknown.

between the device and cause of death.
The primary cause of death in this trial
was progression of the patient’s present-
ing illness often leading to limiting inter-
ventions. In this study, >90% of patients
died after having had life-sustaining in-
terventions withheld or withdrawn, a rate
that is similar to other reports in this
population (28).

The CoolGard/Cool Line catheter sys-
tem was not completely effective in treat-
ing fever. Sixty-five percent of patients in
the CATH group exhibited period(s) of

Crit Care Med 2004 Vol. 32, No. 2

fever >38°C. This is primarily a function
of the size of the catheter. Newer cathe-
ters with a greater cooling capacity are
being developed that will significantly re-
duce this rate.

The Cool Line catheters function ap-
propriately in terms of their capabilities
as a central catheter. There were no com-
plications related to the use of the infu-
sion lumens on the Cool Line. The “fail-
ure to insert” rate is low (<2.8%) and
within Society of Cardiovascular and In-
terventional Radiologists guidelines (27).

Minor adjustments have been made in
the size of the dilator supplied and in the
stiffness of the introducer wire as a result
of feedback from the investigators.

In conclusion, this trial demonstrates
that the use of the Alsius catheter-based
cooling system results in a significant
reduction in fever burden in febrile neu-
rologic ICU patients with an appropriate
risk profile.
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