=
View metadata, citation and similar papers at core.ac.uk brought to you by i CORE

provided by CiteSeerX

Associatione

JOURNAL OF THE AMERICAN HEART ASSOCIATION

Circulation {pt‘.";‘:ﬁ“

Induction of Therapeutic Hypothermia by Paramedics After Resuscitation From
Out-of-Hospital Ventricular Fibrillation Cardiac Arrest : A Randomized Controlled Trial
Stephen A. Bernard, Karen Smith, Peter Cameron, Kevin Masci, David M. Taylor, D. James
Cooper, Anne-Maree Kelly and William Silvester

Circulation. 2010;122:737-742; originally published online August 2, 2010;

doi: 10.1161/CIRCULATIONAHA.109.906859
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2010 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://circ.ahajournal s.org/content/122/7/737

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissionsin the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://ww.Ilww.com/reprints

Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournal s.org//subscriptions/

Downloaded from http://circ.ahajournals.org/ at OHIO STATE UNIV, Prior Health Sci. Lib. on October 17, 2012


https://core.ac.uk/display/357533654?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://circ.ahajournals.org/content/122/7/737
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://circ.ahajournals.org//subscriptions/
http://circ.ahajournals.org/

Induction of Therapeutic Hypothermia by Paramedics After
Resuscitation From Out-of-Hospital Ventricular Fibrillation
Cardiac Arrest

A Randomized Controlled Trial
Stephen A. Bernard, MD; Karen Smith, BSc, PhD; Peter Cameron, MD; Kevin Masci;

David M. Taylor, MD; D. James Cooper, MD; Anne-Maree Kelly, MD; William Silvester, MB, BS;
for the Rapid Infusion of Cold Hartmanns (RICH) Investigators*

Background—Therapeutic hypothermia is recommended for the treatment of neurological injury after resuscitation from
out-of-hospital cardiac arrest. Laboratory studies have suggested that earlier cooling may be associated with improved
neurological outcomes. We hypothesized that induction of therapeutic hypothermia by paramedics before hospital

arrival would improve outcome.

Methods and Results—In a prospective, randomized controlled trial, we assigned adults who had been resuscitated from
out-of-hospital cardiac arrest with an initial cardiac rhythm of ventricular fibrillation to either prehospital cooling with
a rapid infusion of 2 L of ice-cold lactated Ringer’s solution or cooling after hospital admission. The primary outcome
measure was functional status at hospital discharge, with a favorable outcome defined as discharge either to home or
to a rehabilitation facility. A total of 234 patients were randomly assigned to either paramedic cooling (118 patients) or
hospital cooling (116 patients). Patients allocated to paramedic cooling received a median of 1900 mL (first quartile
1000 mL, third quartile 2000 mL) of ice-cold fluid. This resulted in a mean decrease in core temperature of 0.8°C
(P=0.01). In the paramedic-cooled group, 47.5% patients had a favorable outcome at hospital discharge compared with
52.6% in the hospital-cooled group (risk ratio 0.90, 95% confidence interval 0.70 to 1.17, P=0.43).

Conclusions—In adults who have been resuscitated from out-of-hospital cardiac arrest with an initial cardiac rhythm of
ventricular fibrillation, paramedic cooling with a rapid infusion of large-volume, ice-cold intravenous fluid decreased
core temperature at hospital arrival but was not shown to improve outcome at hospital discharge compared with cooling

commenced in the hospital.

Clinical Trial Registration—URL: http://www.anzctr.org.au. Unique identifier: ACTRN12605000179639.

(Circulation. 20103122:737-742.)
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ardiovascular disease is a leading cause of premature

death in developed countries, and many of these deaths
occur before hospital arrival because of the onset of ventric-
ular fibrillation (VF).! Despite early defibrillation and ad-
vanced cardiac life support provided by emergency medical
services (EMS), fewer than half of all patients in out-of-
hospital cardiac arrest (OHCA) are resuscitated successfu-
lly.>* Among those who have a return of spontaneous
circulation and are transported to a hospital, many have
sustained severe anoxic neurological injury during the cardiac

arrest, and this injury is a leading cause of subsequent death
in the hospital.*

Editorial see p 679
Clinical Perspective on p 742

Therapeutic hypothermia (33°C) induced after resuscita-
tion and maintained for 12 to 24 hours has been shown to
improve neurological outcomes after resuscitation from
OHCA in 2 previous clinical trials>® and is now recom-
mended for the treatment of patients who remain comatose
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after resuscitation in whom the initial cardiac rhythm is VF.”
However, the optimal timing of induction of therapeutic
hypothermia is uncertain. Previous studies have used surface
cooling with ice packs and/or cooling blankets, and these
interventions provided for relatively slow cooling after arrival
at the hospital.>¢ Laboratory data have suggested that there is
significantly decreased neurological injury if cooling is initi-
ated as soon as possible after resuscitation.3-!!

Recently, the induction of therapeutic hypothermia with a
rapid intravenous infusion of a large volume (30 to 40 mL/kg) of
ice-cold crystalloid fluid (LVICF) has been reported as a feasible
and effective method in the emergency department that might be
applicable in the prehospital setting.!>!3 However, it is uncertain
whether earlier cooling by paramedics improves patient out-
comes compared with later cooling after admission to hospital.
We therefore conducted a prospective, randomized controlled
trial comparing paramedic cooling with hospital cooling in
adults after resuscitation from OHCA to determine whether this
intervention improves outcome at hospital discharge compared
with cooling initiated after hospital arrival.

Methods
This study was a prospective, randomized controlled trial undertaken in
Melbourne, Australia, between October 2005 and November 2007. This
city has a population of ~4.0 million, with 10 government and 2 private
hospitals that receive patients after resuscitation from OHCA.

The EMS in Melbourne is 2-tiered, with ~900 paramedics who
are authorized to practice limited advanced cardiac life support skills
including defibrillation, insertion of a laryngeal mask airway, and
administration of intravenous epinephrine. In addition, there are 180
intensive care paramedics who are authorized to undertake endotra-
cheal intubation and administer a wider range of intravenous drugs
during cardiac arrest, such as amiodarone and sodium bicarbonate.
Mechanical chest-compression devices and airway impedance sys-
tems are not used. After return of spontaneous circulation, intensive
care paramedics may administer midazolam and pancuronium to
facilitate ventilation. The intensive care paramedics are dispatched to
patients with suspected critical illness including cardiac arrest. In
addition, firefighters in the inner area of Melbourne are equipped
with defibrillators and are also dispatched to patients with suspected
cardiac arrest.!* Paramedic patient care records are electronic, and all
patients with OHCA have data stored in the Victorian Ambulance
Cardiac Arrest Register. This register has been described in detail
previously.? All “call received” and “EMS arrival” times are col-
lected electronically. The “collapse to call” time was estimated after
discussion with bystanders, and the “EMS arrival to return of
spontaneous circulation” time was recorded by paramedics.

Cardiac arrest management by paramedics follows medically
determined, written clinical practice guidelines without online
medical control, and these follow the recommendations of the
Australian Resuscitation Council (available at www.ambulance.vic.
gov.au/Paramedics/Qualified-Paramedic-Training/Clinical-Practice-
Guidelines.html). During cardiopulmonary resuscitation (CPR),
ambient-temperature lactated Ringer’s solution is administered dur-
ing drug delivery, and a 10-mL/kg fluid bolus is administered if
pulseless electric activity has developed. Patients 15 to 17 years of
age are treated according to adult clinical practice guidelines and are
transported to an adult hospital emergency department. For the
present study, all emergency departments and critical care units in
the receiving hospitals agreed to adhere whenever possible to the
study guidelines, including the maintenance of therapeutic hypother-
mia at 33°C for 24 hours.

Patients were eligible for enrollment if they were assessed by
paramedics as having all the following: OHCA with an initial cardiac
rhythm of VF, return of spontaneous circulation, systolic blood pressure
>90 mm Hg, cardiac arrest time >10 minutes, age =15 years, and

intravenous access available. Patients were excluded if they were not
intubated, were dependent on others for activities of daily living before
the cardiac arrest event, were already hypothermic (temperature
<34°C), or were women who were obviously pregnant.

In all patients, ventilation with 100% oxygen was continued with
a target end-tidal CO, of 35 to 40 mm Hg. An epinephrine infusion
was commenced if the systolic arterial blood pressure was less than
90 mm Hg, with a target systolic blood pressure of 100 mm Hg.
Temperature was measured with a tympanic temperature probe
(Braun Pro3000 type 6014, WelchAllyn Inc, Skaneateles Falls, NY).

The treating intensive care paramedics randomized eligible pa-
tients by opening an opaque, sealed envelope that indicated treatment
allocation. The envelope allocation was computer randomized and
allocated in blocks of 10 to each intensive care paramedic unit.

In addition to usual care, patients allocated to paramedic cooling
received intravenous midazolam (0.1 mg/kg) and pancuronium (12
mg) to suppress shivering. An infusion of up to 2000 mL of ice-cold
lactated Ringer’s solution was commenced at 100 mL/min during
transport to hospital by use of a standard infusion set and a pressure
bag inflated to 300 mm Hg. This fluid was carried in an insulated
container with a thermometer to ensure that the fluid temperature
was <8°C. If pulmonary edema developed during or after the
infusion (as demonstrated by oxygen desaturation with froth visi-
ble in the endotracheal tube), intravenous furosemide 40 mg IV was
indicated. On arrival at the hospital, patients received a further 10- to
20-mL/kg rapid infusion of ice-cold lactated Ringer’s solution
administered by the attending emergency physician.

Patients allocated to hospital care received standard prehospital
therapy, including intravenous midazolam (0.1 mg/kg) only if required
to facilitate assisted ventilation. Pancuronium was only administered if
midazolam was insufficient to control ventilation. Active warming
measures were not permitted. On arrival at the hospital emergency
department, standard-care patients received sedation, a neuromuscular
blocking agent, and a rapid infusion of 40 mlL/kg ice-cold lactated
Ringer’s solution to induce therapeutic hypothermia.

In all patients, surface cooling was commenced in the emergency
department or the intensive care unit with a target temperature of
33°C maintained for 24 hours. Core temperature after arrival at the
hospital was measured with bladder temperature probes. In 2
hospitals, specialized cooling machines that incorporated adhesive
skin pads were used (Arctic Sun, Medivance, Louisville, Colo). In
the remaining hospitals, surface cooling with ice packs was used.
After 24 hours, patients were rewarmed at 0.25°C per hour. All other
aspects of patient management were at the discretion of the treating
physicians. In general, patients with ST-segment elevation on ECG
underwent immediate cardiac catheterization.

Before hospital discharge, patients were evaluated by a rehabili-
tation physician who was unaware of the study allocation, and
discharge direction was determined. Patients who were discharged
directly home or to a rehabilitation facility were considered to have
a favorable outcome. Patients who died or who were discharged to a
long-term nursing facility, either conscious or unconscious, were
considered to have an unfavorable outcome.

Statistical Analysis

The primary outcome measure for the present study was the proportion
of patients with a defined favorable outcome. The sample size was
calculated to detect a change in favorable outcome from 45% to 60%.
This required a sample size of 372 patients to achieve 80% power at an
a-error of 0.05. There was a planned interim analysis of the outcomes
after 200 patients had been enrolled. P<<0.001 was designated as the
threshold for stopping the study if there was evidence of significant
benefit or harm in either of the study groups.

The secondary outcome measures were core (bladder or esopha-
geal) temperatures at hospital arrival, the development of prehospital
pulmonary edema, and recurrent prehospital cardiac arrest after
enrollment. All patients allocated to each group were considered as
composing the intention-to-treat population for all primary and
secondary analyses. Analysis of the primary outcome of favorable
survival was performed with the x> test.
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| 6,730 = Total cardiac arrests during trial period |

l

| 6,436=Adults (=15 y) with cardiac arrest during trial period |

}

| 4,763=Cardiac arrest of presumed cardiac cause |

}

| 2,268=Resuscitation attempted by paramedics |
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| 842=Initial cardiac rhythm ventricular fibrillation

| 398=Return of spontaneous circulation and transported to hospital |

164 eligible but not
enrolled

Y

| 234=Eligible and enrolled

l l

| 118 assigned paramedic cooling

| | 116 assigned to hospital cooling |

¥
| 118 assessed for primary endpoint | | 116 assessed for primary endpoint

Figure 1. Trial profile.

Additional binomial variables were expressed as proportions and
95% confidence intervals (exact binomial), and groups were compared
by x* tests. Variables that approximated a normal distribution were
summarized as mean*SD, and groups were compared with 7 tests.
Nonnormal variables were summarized as median and first and third
quartiles, and groups were compared with Mann-Whitney rank sum
tests. All reported probability values are 2-sided. The statistical software
used was STATA (version 10.0, Stata Corp, College Station, Tex).

At the interim analysis of the first 200 patients, the Steering
Committee noted that there was no difference in the primary
outcome measure and that it was extremely unlikely that such a
difference would emerge between the groups. Therefore, the study
was stopped because of futility after 234 patients had been enrolled.

Ethical Issues

The study protocol was approved by the ethics committee of Monash
University, Victoria, and the institutional ethics committees at each
receiving hospital. The requirement for informed patient consent was
waived in accordance with Australian government regulations. These
regulations permit nonconsent enrollment of unconscious patients if
the study is approved by an institutional ethics committee and next-of-
kin or surviving patients are informed of the trial as soon as possible
after enrollment (see http://www.nhmrc.gov.au/publications/ethics/
2007_humans/section4.4.htm).

Results
Between October 2005 and December 2007, a total of 6730
patients with OHCA were attended by EMS personnel. Figure
1 shows the numbers of patients considered for enrollment.
Of 398 patients who were eligible for enrollment, 234 were
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Table 1. Baseline Characteristics of the Patients
Paramedic Cooling:  Hospital Cooling:
Characteristic Group 1 (n=118)  Group 2 (n=116) P*

Age, y, mean (SD) 63.4 (16.3) 63 (14.5) 0.83
Male sex, % 83.1 86.2 0.50
Witnessed arrest, % 89.8 83.6 0.16
Bystander CPR, % 68.8 67.0 0.77
Time from collapse to call, 2(2,2) 2(2,2) 0.08
min, median (Q1, Q3)

Time from call to paramedic 8.4(3.1) 8.9(3.3) 0.20
arrival, min, mean (SD)

Time from paramedic 15.5(8.7) 14.6 (7.6) 0.43
arrival to ROSC, min,

mean (SD)

Time from collapse to 259(9.2) 26.0 (8.7) 0.89
ROSC, min, mean (SD)

Defibrillation, median No. 42,7 4(2,6) 0.94
(Q1, Q3)

Epinephrine, mg, median 2(1,4) 3(1,4) 0.65
(Q1, Q3)

Ambient-temperature fluid 928.6 (552.2) 1007.1 (567.1)  0.31

administered during CPR,
mL, mean (SD)

ROSC indicates return of spontaneous circulation.
*P calculated by  test, y? test, or Mann-Whitney rank sum test.

randomly allocated to either paramedic cooling (118 patients)
or hospital cooling (116 patients).

The baseline characteristics of the patients are shown in Table
1. The 2 groups were similar in the major characteristics
associated with outcome after cardiac arrest, including age, sex,
bystander CPR, EMS response time, number of defibrillations,
dose of epinephrine, and total cardiac arrest time.

Interventions

Of the 118 patients allocated to paramedic cooling, 57 (48%)
received 2000 mL, 11 received 1500 to 2000 mL, 37 received
1000 to 1500 mL, 5 received 500 to 1000 mL, and 8 received no
ice-cold fluid. The reason for administration of <2000 mL was
close proximity to the hospital with a transport time <20
minutes. Of the 116 patients allocated to hospital cooling, 1
received 2000 mL of ice-cold fluid because of a protocol
violation.

The patient treatment and vital signs at enrollment and
hospital arrival are shown in Table 2 (excluding the results of the
1 patient in the standard-care group who received LVICF). The
patient bladder or esophageal temperatures measured on arrival
and after 30 and 60 minutes in the emergency department are
also shown. This demonstrates that patient temperatures in the 2
groups became similar within 60 minutes of emergency depart-
ment arrival. Temperatures during the first 36 hours are shown
in Figure 2. The initial reading is the first temperature recorded
in the emergency department. This demonstrates that after the
first 30 minutes, the 2 groups had similar temperatures, and there
were no subsequent significant differences between the groups
during the initial 36 hours.

Patient Outcomes
The outcomes of the patients at hospital discharge are shown in
Table 3. The rate of favorable outcome was 47.5% in the
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Table 2.  Vital Signs

Paramedic Cooling:  Hospital Cooling:
Variable Group 1 (n=118)  Group 2 (n=116)  P*
EMS temperature on 35.9(1.0) 35.8(0.8) 0.63
scene, °C
EMS temperature on 34.6(1.3) 35.4(1.0) 0.01
hospital arrival, °C
Temperature in emergency 34.4(1.2) 35.2(1.0) 0.001
department on arrival, °C
Temperature in emergency 34.4(1.2) 34.8(1.0) 0.03
department 30 min after
arrival, °C
Temperature in emergency  34.7 (1.1) 34.7(0.9) 0.70
department 60 minutes
after arrival, °C
Systolic blood pressure on 125 (33) 129 (33) 0.36
scene, mm Hg
Systolic blood pressure on 127 (27) 126 (22) 0.89
hospital arrival, mm Hg
Pulse on scene, bpm 107 (21) 106 (28) 0.70
Pulse on hospital arrival, 101 (25) 101 (23) 0.88
bpm
0, saturation on scene 98 (96, 98) 98 (97, 99) 0.02
0, saturation on hospital 98 (97, 99) 99 (97, 99) 0.06
arrival
ETCO, on scene 416(12.7) 421(11.2) 0.75
ETCO, on hospital arrival 35.7 (6.0) 36.2 (8.8) 0.63
Cold fluid, mL 1900 (1000, 2000) N/A

ETCO, indicates end-tidal CO,; and N/A, not applicable.
Values are mean (SD) or median (interquartile range).
*P calculated by f test or x? test.

paramedic-cooled patients compared with 52.6% in the hospital-
cooled patients, and this difference was not significant (risk ratio
0.90, 95% confidence interval 0.70 to 1.17, P=0.43).

In 1 secondary outcome measure, paramedic-cooled pa-
tients had a mean temperature on hospital arrival of 34.4°C
(95% confidence interval 34.1°C to 34.6°C) compared with
patients allocated to hospital cooling, who had a mean
temperature of 35.2°C (95% confidence interval 34.9°C to
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Figure 2. Temperatures of all patients. 95% CI indicates 95%
confidence interval.

35.4°C). There were no differences in the other secondary
outcome measures because no patient developed pulmonary
edema during the infusion of cold fluid or recurrent cardiac
arrest en route to the hospital.

Discussion

In this prospective, randomized controlled trial, paramedic
induction of therapeutic hypothermia before hospital arrival
decreased patient temperature compared with cooling after
arrival but did not result in improved patient functional
outcome at hospital discharge. The difference in patient
temperature between the treatment group and the control
group was modest (0.8°C) and of relatively short duration.
We surmise that this relatively brief difference in core
temperature was insufficient to have a measurable effect on
patient outcomes at hospital discharge.

Therapeutic hypothermia is recommended for the treat-
ment of anoxic neurological injury after resuscitation from
OHCA when the initial cardiac rhythm is VF, based on the
findings of 2 clinical trials. The first trial was conducted in
Europe in comatose survivors of prehospital cardiac arrest
and enrolled 273 patients, with 136 patients undergoing
therapeutic hypothermia (33°C for 24 hours) and 137 patients
maintained at normothermia.> At 6 months, 55% of the
cooled patients had good outcome compared with 39% of
normothermic control subjects (risk ratio 1.4, 95% confi-
dence interval 1.08 to 1.81). In this first trial, cooling was
instituted with a cooled air mattress, and this resulted in very
slow cooling, such that at 4 hours after randomization, there
was only a 1°C difference between the groups.

The second study from Australia enrolled 77 patients who
were resuscitated from OHCA with an initial cardiac rthythm of
VE.° At hospital discharge, 49% of patients who were cooled to
33°C for 12 hours had good outcome compared with 26% of the
control group. After multivariate analysis for differences at
baseline, the odds ratio for good outcome in the hypothermic
group was 5.25 (95% confidence interval 1.47 to 18.76,
P=0.011). The rate of cooling in this second study was also
relatively slow, with a mean decrease in core temperature of
0.5°C per hour. Subsequent observational studies have con-
firmed that cooling for 12 to 24 hours after resuscitation
improves outcomes after cardiac arrest when the initial cardiac
rhythm is VF.'>16 Because there is compelling evidence from
laboratory studies that earlier therapeutic hypothermia may
improve outcomes still further, current research has focused on
cooling techniques that may be applicable in the prehospital
setting.

One feasible technique for patient cooling in the prehospi-
tal setting is a rapid infusion (>100 mL/min) of a large
volume (40 mL/kg) of ice-cold intravenous crystalloid fluid
(LVICF). After initial studies in the emergency department
confirmed that this approach decreased core temperature
without pulmonary edema,!>!3 there has been preliminary
experience with this approach in the prehospital setting.!”'8

Kim et al'? randomized 125 patients who had return of
spontaneous circulation after resuscitation from OHCA to para-
medic cooling with LVICF or normothermia. Of the 51 patients
who had an initial cardiac rhythm of VF, 20 (69%) of 29 patients
randomized to paramedic cooling recovered consciousness com-
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Table 3. Outcomes at Hospital Discharge
Paramedic Cooling Hospital Cooling
(n=118) (n=116) P*
Favorable outcome, n (%; 95% Cl) 56 (47.5; 38.2-56.9) 61 (52.6; 43.1-61.9) 0.433

Discharge to home, n (%; 95% Cl)

Discharge to rehabilitation, n (%; 95% Cl)

Discharge to nursing home awake, n

Discharge to nursing home comatose, n (%; 95% Cl)
Dead, n (%; 95% ClI)

24 (20.3; 13.5-28.7)
32 (27.1;19.3-36.1)

34 (29.3; 21.2-38.5)
27 (23.3; 15.9-32.0)

741

62 (52.5; 43.1-61.8)

0 0
0 1(0.9;0.02-4.7)
54 (46.6; 27.2-56.0)

Cl indicates confidence interval.
*P calculated by x? test.

pared with 10 (45%) of 22 VF patients randomized to normo-
thermia (P=0.15). There were no differences between the
groups in the rate of complications such as recurrent cardiac
arrest or the development of pulmonary edema. In a second pilot
study, Kdmirdinen et al'® randomized 37 patients to either
prehospital cooling (19 patients) or standard care (18 patients).
At hospital arrival, the core temperature in the prehospital-
cooled group was a mean of 34.1°C compared with 35.2°C in
the treatment group. There were no significant differences
between the groups in outcome.

Our larger study showed that although paramedic cooling
resulted in a modest decrease in core temperature, there was
no difference in outcomes at hospital discharge. The reasons
for this finding are speculative. Of note, only half of the
patients in the present study who were allocated to paramedic
cooling received the full amount of LVICF because of the
relatively short transport time to the hospital in a metropolitan
setting. Consequently, there was a smaller decrease in the
mean temperature of patients allocated to paramedic cooling
and a smaller temperature difference between the groups on
hospital arrival than we anticipated.

The present study has a number of limitations. First, it was not
possible to blind treating paramedics and in-hospital medical
staff to treatment allocation; however, the intensive care of
post—cardiac arrest patients by attending medical staff followed
standard guidelines, and it is unlikely that prehospital tempera-
ture management influenced major decisions by physicians after
admission to the hospital. Second, measurement of tympanic
temperature may be inferior to some other methods of measure-
ment of core temperature, such as esophageal, bladder, or
pulmonary artery temperature'®; however, additional funding for
the provision of equipment and training for esophageal temper-
ature measurement was not available in our EMS. Also, the
present study was terminated before the enrollment of the
estimated required sample size. It is possible but extremely
unlikely that a trend to improved outcomes in the paramedic-
cooled patients would have emerged with larger study numbers.
Another limitation of the present study is that 164 (41%) of 398
potentially eligible patients were not enrolled. It was not possible
to accurately determine the reasons for nonenrollment of patients
from the Victorian Ambulance Cardiac Arrest Register. On the
other hand, because there was concealment of treatment alloca-
tion, it is unlikely that enrollment of these additional patients
would have affected the results. Finally, it is possible that subtle
improvements in neurological outcome may have been seen

with longer-term detailed neuropsychiatric assessment; how-
ever, this outcome measure requires considerable additional
resources and was beyond the scope of the present study.

The present study has a number of strengths. Allocation of
treatment was prospective, blinded, and computer random-
ized. The patients were well matched at enrollment, and there
was a high rate of paramedic compliance with the study
protocol. All patients were followed up until hospital dis-
charge. In addition, the primary outcome measure of dis-
charge direction to either home or rehabilitation is an objec-
tive measure of patient outcome.

Given that paramedics in the present study had already
administered ~1 L of ambient-temperature fluid during CPR,
we would propose that future studies should examine the
possible role of LVICF during CPR. It is possible that an
infusion of ice-cold fluid during CPR would lead to earlier
cerebral cooling and therefore improved outcomes. This ap-
proach has been tested in a number of laboratory studies. In 1
study, cooling during CPR resulted in an increase in the rate of
successful defibrillation.?® In a second study, the infusion of
LVICF was shown to significantly decrease brain temperature.?!
Preliminary clinical studies of cooling with LVICF during CPR
have been reported recently, although patient numbers in these
studies have been too small to demonstrate that this approach
improves outcomes.?>23 Nevertheless, we would propose that
future studies enroll patients during CPR to ascertain whether
cooling during this phase is associated with improved outcomes.

In summary, we found that paramedics were able to effect a
modest reduction in patient temperature during transport to
hospital using a rapid infusion of LVICF; however, this decrease
in core temperature was transient, and there was no measurable
effect on patient outcomes compared with patients treated
without active cooling. Future studies should examine the
feasibility and efficacy of cooling commenced during CPR to
assess whether this approach improves outcomes.

Appendix
Steering Committee: Stephen Bernard, MD, Peter Cameron, MD,
Kevin Masci, D. Jamie Cooper, MD.

Statistician: Karen Smith, BSc, PhD.

The RICH Investigators: Ambulance Victoria—Karen Smith,
BSc, PhD; Kevin Masci; lan Patrick; Mark Fitzgerald, MB, BS,
Stephen Bernard, MD. Monash University—Stephen A. Bernard,
MD; Peter Cameron, MD; D. James Cooper, MD; Emily Mulhol-
land, BSc. The Alfred Hospital—Stephen A. Bernard, MD; Peter
Cameron, MD; D. Jamie Cooper, MD; Mark Fitzgerald, MB, BS.
Monash Medical Centre—Christopher Wright, MB, BS. Dandenong
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Hospital—Michael Buist, MD. Western Health—Anne-Maree Kelly,
MD. Royal Melbourne Hospital—David M. Taylor, MD. Eastern
Health—David Ernest, MB, BS. Austin Hospital—William Sil-
vester, MB, BS; David M. Taylor, MD. Peninsula Health—John
Botha, MB, BS. St Vincent’s Hospital—Barry Dixon, MB, BS.
Northern Hospital—Graham Duke, MB, BS.

Sources of Funding
Funding for the study was provided by grants from the Australian
National Health and Medical Research Council (Drs Bernard, Cam-
eron, Taylor, Cooper, Kelly, and Silvester) and the National Heart
Foundation of Australia (Drs Bernard and Smith).

Disclosures
None.

References

1. Finn JC, Bett NJ, Shilton TR, Cunningham C, Thompson PL; for the
National Heart Foundation of Australia Chest Pain Every Minute Counts
Working Group. Patient delay in responding to symptoms of possible
heart attack: can we reduce time to care? Med J Aust. 2007;187:293-298.

2. Fridman M, Barnes V, Whyman A, Currell A, Bernard S, Walker T, Smith
K. A model of survival following pre-hospital cardiac arrest based on the
Victorian ambulance cardiac arrest register. Resuscitation. 2007;75:311-322.

3. Jennings P, Cameron P, Walker A, Bernard SA, Smith K. A comparison
of rural versus metropolitan outcomes after cardiac arrest. Med J Aust.
2006;185:135-139.

4. Oddo M, Ribordy V, Feihl F, Rossetti AO, Schaller MD, Chioléro R,
Liaudet L. Early predictors of outcome in comatose survivors of ventric-
ular fibrillation and non-ventricular fibrillation cardiac arrest treated with
hypothermia: a prospective study. Crit Care Med. 2008;36:2296-2301.

5. The Hypothermia After Cardiac Arrest Study Group. Mild therapeutic
hypothermia to improve the neurological outcome after cardiac arrest.
N Engl J Med. 2002;346:549 -556.

6. Bernard SA, Gray T, Buist MD, Jones BM, Silvester W, Gutteridge G,
Smith K. Treatment of comatose survivors of out-of-hospital cardiac
arrest with induced hypothermia. N Engl J Med. 2002;346:557-563.

7. Emergency Cardiac Care Committee, Subcommittees and Task Forces of
the American Heart Association. 2005 American Heart Association
guidelines for cardiopulmonary resuscitation and emergency cardiovas-
cular care. Circulation. 2005;112(suppl):IV-1-1V-203.

8. Sterz F, Safar P, Tisherman S, Radovsky A, Kuboyama K, Oku K. Mild
hypothermic cardiopulmonary resuscitation improves outcome after pro-
longed cardiac arrest in dogs. Crit Care Med. 1991;19:379-389.

9. Abella BS, Zhao D, Alvarado J, Hamann K, Vanden Hoek TL, Becker
LB. Intra-arrest cooling improves outcomes in a murine cardiac arrest
model. Circulation. 2004;109:2786-2791.

10. Zhao D, Abella BS, Beiser DG, Alvarado JP, Wang H, Hamann KJ, Hoek
TL, Becker LB. Intra-arrest cooling with delayed reperfusion yields

20.

21.

22.

23.

higher survival than earlier normothermic resuscitation in a mouse model
of cardiac arrest. Resuscitation. 2008;77:242-249.

. Jia X, Koenig MA, Shin HC, Zhen G, Pardo CA, Hanley DF, Thakor NV,

Geocadin RG. Improving neurological outcomes post-cardiac arrest in a
rat model: immediate hypothermia and quantitative EEG monitoring.
Resuscitation. 2008;76:431-442.

. Bernard SA, Buist MD, Monterio O, Smith K. The induction of hypo-

thermia after cardiac arrest using large volume, ice-cold intravenous fluid.
Resuscitation. 2003;56:9-13.

. Kim F, Olsufka M, Carlbom D, Deem S, Longstreth WT Jr, Hanrahan M,

Maynard C, Copass MK, Cobb LA. Pilot study of rapid infusion of 2 L of 4
degrees C normal saline for induction of mild hypothermia in hospitalized,
comatose survivors of out-of-hospital cardiac arrest. Circulation. 2005;112:
715-719.

. Smith KL, McNeil JJ; Emergency Medical Response Steering Com-

mittee. Cardiac arrests treated by ambulance paramedics and fire fighters.
Med J Aust. 2002;177:305-309.

. Oddo M, Schaller MD, Feihl F, Ribordy V, Liaudet L. From evidence to

clinical practice: effective implementation of therapeutic hypothermia to
improve patient outcome after cardiac arrest. Crit Care Med. 2006;34:
1865-1873.

. Don CW, Longstreth WT Jr, Maynard C, Olsufka M, Nichol G, Ray T,

Kupchik N, Deem S, Copass MK, Cobb LA, Kim F. Active surface
cooling protocol to induce mild therapeutic hypothermia after out-of-
hospital cardiac arrest: a retrospective before-and-after comparison in a
single hospital. Crit Care Med. 2009;37:3062-3069.

. Kim F, Olsuftka M, Longstreth WT, Maynard C, Carlbom D, Deem S,

Kudenchuk P, Copass MK, Cobb LA. Pilot randomized clinical trial of
pre-hospital induction of mild hypothermia in out-of-hospital cardiac arrest
patients with a rapid infusion of 4 degrees C normal saline. Circulation.
2007;115:3064-3070.

. Kémdriinen A, Virkkunen I, Tenhunen J, Yli-Hankala A, Silfvast T. Pre-

hospital therapeutic hypothermia for comatose survivors of cardiac arrest: a
randomized controlled trial. Acta Anaesthesiol Scand. 2009;53:900-907.

. Moran JL, Peter JV, Solomon PJ, Grealy B, Smith T, Ashforth W, Wake

M, Peake SL, Peisach AR. Tympanic temperature measurements: are they
reliable in the critically ill? A clinical study of measures of agreement.
Crit Care Med. 2007;35:155-164.

Boddicker KA, Zhang Y, Zimmerman MB, Davies LR, Kerber RE.
Hypothermia improves defibrillation success and resuscitation outcomes
from ventricular fibrillation. Circulation. 2005;111:3195-3201.
Nordmark J, Rubertsson S. Induction of mild hypothermia with infusion
of cold (4°C) fluid during ongoing experimental CPR. Resuscitation.
2005;66:357-365.

Bernard SA, Rosalion A. Therapeutic hypothermia induced during car-
diopulmonary resuscitation using large-volume, ice-cold intravenous
fluid. Resuscitation. 2008;76:311-313.

Kimairdinen A, Virkkunen I, Tenhunen J, Yli-Hankala A, Silfvast T.
Induction of therapeutic hypothermia during pre-hospital CPR using
ice-cold intravenous fluid. Resuscitation. 2008;79:205-211.

resuscitation should be undertaken.

CLINICAL PERSPECTIVE
The induction of therapeutic hypothermia after resuscitation from out-of-hospital ventricular fibrillation cardiac arrest is
recommended for the treatment of neurological injury by the American Heart Association; however, the optimal timing of
this intervention is uncertain. Laboratory studies suggest that earlier cooling may improve neurological outcomes. This
study reports the results of a randomized controlled trial in 234 patients comparing paramedic cooling after return of a
circulation by use of a rapid infusion of large-volume, ice-cold intravenous fluid with cooling after hospital arrival.
Paramedic cooling decreased core temperature by 0.8°C compared with patients allocated to hospital cooling, but the
outcomes at hospital discharge were similar in both groups. Further research into cooling during cardiopulmonary
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