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Objective We aimed to summarize the therapeutic hypothermia (TH) protocols used in emergen-
cy departments (EDs) in Korea and to investigate the differences between level 1 and 2 centers.

Methods The chief residents from 56 EDs were given a structured survey containing questions
on the indications for TH, methods for TH induction, maintaining, and finalizing TH treatments.
The participants were divided into 2 groups based on their work place (level 1 vs. level 2 centers).

Results We received 36 responses to the survey. The majority of the participants (94.4%) report-
ed that they routinely used TH. An average of 5.9 (standard deviation, 3.4) and 3.3 (standard de-
viation, 2.9) TH procedures were performed monthly in level 1 and 2 centers, respectively
(P=0.01). The majority of level 1 and 2 centers (80.0% and 73.1%, respectively) had written TH
protocols. Rectal (50.0%) and esophageal probes (38.9%) were most commonly used to monitor
the patients' body temperatures. Midazolam (80.6%) and remifentanyl (47.2%) were the most
commonly used sedatives. For TH induction, external cooling devices (77.8%) and cold saline in-
fusion (66.1%) were predominant. Between level 1 and 2 centers, only the number of TH, the
usage of remifentanyl, and application of external cooling device showed significant differences
(P<0.05)

Conclusion Our study summarizes the TH protocols used in 36 EDs. The majority of study partic-
ipants performed TH using a written protocol. We observed small number of differences in TH
induction and maintenance methods between level 1 and 2 centers.
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What is already known

Capsule
Summary

ing therapeutic hypothermia.

What is new in the current study

Therapeutic hypothermia contributes to the outcome of cardiac arrest patients. There are emergency departments us-

We have investigated protocols of 36 academic emergency departments throughout the country. There were differenc-
es among study sites, though very small difference between level 1 and level 2 centers.

INTRODUCTION

Therapeutic hypothermia (TH) is one of the most potent treat-
ments to increase the survival and improve the neurologic out-
comes of survivors of cardiac arrest.” Although the application of
TH has been advised by guidelines of the American Heart Associa-
tion and the European Resuscitation Council, details such as the
indication for TH, duration, methods, or target temperature have
not been established yet."* Several tests such as brain MRI and
electroencephalogram (EEG) to predict patient survival and neuro-
logic outcomes have been suggested. However, the overall value
of these tests is still controversial in their efficiency and effective-
ness.”®

Investigations about the current status of TH utilization have
gained interest in many countries. Several studies have investigat-
ed the criteria of, the indications for, and the methods used for
TH.>'? In Korea, a report published by the Korean Hypothermia
Network Registry recently described the clinical characteristics of
TH patients of 24 participating hospitals.”

However, previous studies did not focus on TH protocols. An in-
depth investigation of TH protocols and a comparison between
well- and less-established hospitals is required to implement an
effective TH protocol. The objective of this study was to provide
an overview of the currently utilized TH protocols in Korea and to
investigate the differences between level 1 and 2 centers.

METHODS

Study setting
In Korea, approximately 20.9% of patients experiencing emer-
gency medical service (EMS)-assessed out-of-hospital cardiac ar-
rests (OHCAs) are not provided cardiopulmonary resuscitation by
EMS providers, and only 1.0% gain prehospital return of sponta-
neous circulation.

All emergency departments (EDs) in Korea are designated level
1, 2, or 3 by government authorities. Currently, 20 level 1, 122
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level 2, and about 275 level 3 EDs serve as destination hospitals
for OHCA victims."*'® Among these, 56 EDs have an emergency
medicine residency program.

Study population

The chief residents of 56 EDs were asked to fill out surveys during
a national emergency medicine meeting. The purpose of the study
was explained to the residents, and their written informed con-
sent was received.

Survey questions

The survey questions were structured based on previous studies
from the USA, Canada, and European countries.'”'? They were
grouped into 5 clusters and included items on: 1) the presence of
a written TH protocol as well as the indications and contraindica-
tions for TH; 2) the methods used for TH induction; 3) the methods
used for maintaining TH; 4) those used for finalizing the TH pro-
cess; and 5) the prognostication of patients undergoing TH (Ap-
pendix 1).

Statistical analysis
The study participants were divided into 2 groups based on their
work place—those working at level 1 and those at level 2 centers.
Level 2 emergency centers have a full capacity of clinical services
from major surgery to minor care such as plastic surgery. Level 1
centers have same the clinical capability as level 2 centers, and in
addition, they provide training and education for the region, in-
cluding disaster preparedness. Though quality of care exist among
different regions, the common essentials of the emergency medi-
cal system such as EMS and insurance are shared nationwide and
each level of centers.'®"®

We used descriptive statistics to depict the study participants'
responses to survey. Continuous variables are presented as means
and standard deviations. Statistical analysis was performed with
STATA ver. 13 (StataCorp., College Station, TX, USA).
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RESULTS

A total of 36 (57.1%) responses were received from 63 subjects
(27.8% from residents of level 1 centers). Overall, 34 chief resi-
dents (94.4%) reported that they routinely applied TH in cardiac
arrest patients, and that an average of 4.0 (standard deviation, 3.3)
TH procedures were performed per month. Whereas the majority
of OHCA and in-hospital cardiac arrest patients underwent TH
(88.9%), only the minority of pediatric cardiac arrests patients did
(36.1%). The majority of the study participants answered that ac-
tive bleeding, terminal illness, and do-not-resuscitate orders were
seen as contraindications for TH (Table 1). Regarding the existence
of a written protocol, no statistically significant difference be-
tween level 1 and level 2 centers was observed (80.0% vs. 76.1%,
P=0.67). The geographical distribution of EDs is shown in Fig. 1.

Table 2 shows the processes used for TH induction. The majority
of the study participants reported using esophageal and rectal
probes to monitor the patients' body temperatures. The most com-
mon agents for sedation were midazolam (80.6%) and remifen-
tanyl (47.2%). About 66.7% of the residents answered that they
used neuromuscular blockers as part of routine care, while only
13.9% reported using preventive anticonvulsants. The average TH
target temperature was reported to be 33.4°C (standard deviation,
0.80). External cooling with a mechanical device was the most
common method (77.8%) to achieve this, whereas the infusion of
a cold fluid was the second most common method (66.1%).

Hypothermia protocol survey

|| Seoul and surrounding area

Emergency centers
O Not included
@ Centers with written TH protocol

O Centers without written TH protocol

Fig. 1. The locations of the emergency departments that were enrolled
or excluded from this study are depicted. The existence (or absence) of
a written therapeutic hypothermia (TH) protocol is also demonstrated.

Table 1. Questions about general information regarding therapeutic hypothermia

Questions Level 1 (n=10) Level 2 (n=26) Overall (n=36) P-value
Is TH standard of care in your institute? 14 (100.0) 24 (92.3) 34 (94.4) 0.37
How many times do you perform TH in a month? (average [SD]) 5.95 (3.44) 3.28 (2.93) 4.02 (3.27) 0.01
Do you have a written protocol for TH? 8(80.0) 19 (73.1) 27 (75.0) 0.67
Indications for your TH include the following?
Out-of-hospital cardiac arrest 9 (90.0) 23 (88.5) 2(88.9) 0.90
In-hospital cardiac arrest 9 (90.0) 22 (84.6) 31(86.1) 0.68
Unwitnessed cardiac arrest 9 (90.0) 21(80.8) 30(83.3) 0.51
Pediatric cardiac arrest 5(80.0) 8 (30.8) 3(36.1) 0.28
Contraindications for your TH include the following?
Active bleeding 7 (70.0) 17 (65.4) 24 (66.7) 0.79
Terminal illness 6 (60.0) 19 (73.1) 25 (69.4) 0.45
Trauma 1 (10.0) 11 (42.3) 2(33.3) 0.07
Poor pre-arrest state 1(10.0) 9 (34.6) 10 (27.8) 0.14
Severe sepsis 4 (40.0) 7 (26.9) 11 (30.6) 0.45
Pregnancy 3(30.0) 5(19.2) 8(22.2) 0.49
Uncontrolled arrhythmia 1(10.0) 2(7.69) 3(8.33) 0.82
Refractory shock 3(30.0) 6(23.1) 9 (25.0) 0.67
Do-not-resuscitate state 7 (70.0) 23 (88.5) 30(83.3) 0.18

Values are presented as number (%) unless otherwise indicated.
TH, therapeutic hypothermia; SD, standard deviation.
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Table 2. Questions about induction of therapeutic hypothermia

CEEM

Questions Level 1 (n=10) Level 2 (n=26) Overall (n=36) P-value
How do you measure body temperature?
Esophageal probe 6 (60.0) 8(30.8) 14 (38.9) 0.1
Rectal probe 4 (40.0) 14 (53.9) 18 (50.0) 0.46
Tympanic membrane 1(10.0) 0(0) 0(0) 0.10
Axilla 0(0) 0(0) 0(0) NA
Bladder 1(10.0) 2(7.7) 3(8.3) 0.82
What sedatives and analgesics do you use for TH?
Midazolam 8 (80.0) 21 (80.8) 29 (80.6) 0.96
Lorazepam 1(10.0) 2(7.7) 3(8.3) 0.82
Propofol 1(10.0) 0(0) 1(2.8) 0.10
Dexmedetomidine 2 (20.0) 1(3.9 3(83) 0.12
Pethidine 1(10.0) 1(3.9) 2 (5.6) 0.47
Fentanyl 3(30.0) 5(19.2) 8(22.2) 0.49
Remifentanyl 8(80.0) 9 (34.6) 17 (47.2) 0.02
Do you routinely use neuromuscular blockers? 8(80.0) 16 (61.5) 24 (66.7) 0.29
Do you routinely use preventive anticonvulsants? 3(30.0) 2(7.7) 5(13.9) 0.08
Do you alter target temperature of TH for each case? 8(80.0) 17 (65.4) 25 (67.4) 0.39
What is your routine target temperature? (average [SD]) 33.4(0.63) 33.5(0.97) 33.4(0.80) 0.72
What inducing methods do you use for TH?
Infusion of cold saline 8(80.0) 14 (53.9) 22 (66.1) 0.15
L-tube irrigation 1(10.0) 2(7.7) 3(83) 0.82
Bladder irrigation 4 (40.0) 2(7.7) 6(16.7) 0.02
Evaporation 0(0) 1(3.9) 1(2.8) 0.53
Fans 1(10.0) 1(39) 2 (5.6) 047
External cooling with mechanical device 10 (100.0) 18 (49.2) 28 (77.8) 0.05
Internal cooling with mechanical device 2 (20.0) 7 (26.9) 9 (25.0) 0.67

Values are presented as number (%) unless otherwise indicated.
TH, therapeutic hypothermia; NA, not applicable; SD, standard deviation.

The most common target value for mean arterial pressure was
>65 mmHg (88.9%). All study participants answered that they
used a TH duration of 24 hours. The rewarming rate varied among
the subjects, and some reported not controlling the rewarming
rate (11.1%) (Table 3).

Table 4 summarizes the measures used for predicting the pa-
tients' prognoses. Among several methods that were being used,
the most common included EEG (63.9%), brain computed tomog-
raphy (58.3%), and neuron-specific enolase (36.1%). We only ob-
served a difference in the use of S-100 between level 1 and 2
centers (50.0% vs. 7.7% in level 1 and 2 centers, respectively; P=
0.01).

DISCUSSION

In this survey-based study, we reviewed the TH protocols used in
a variety of EDs in Korea. Although only a small number of sites
could be recruited, we were able to reveal significant data on the
TH protocols utilized in these EDs.

The rate of centers who reported using written TH protocols
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was 75.0%; this is higher than the rate reported in a previous
Canadian study (58.9%).2 The proportion of EDs performing TH
was 94.4%, which is also higher than that reported in studies in
Italy (55.1%) and Germany (86%).>' However, the location of
treatment (intensive care unit vs. ED), and the interval since the
publication of the guideline might have contributed to these dif-
ferences, making a direct comparison difficult. However, support-
ing data could not be demonstrated throughout this study.

The indications and contraindications for TH were similar albeit
not identical between level 1 and level 2 centers. This might be
due to the implementation of the American Heart Association
and European Resuscitation Council guidelines in academic hos-
pitals.’

The methods used for monitoring the patients' body tempera-
tures are different from those used in other countries. For exam-
ple, only 16.7% of the residents in this study reported using the
bladder to measure body temperature, whereas 56.1% of respon-
dents reported doing so in a previous study.” TH induction was simi-
lar to previous studies, in that external cooling devices were used
most commonly.

213



CEEM

Table 3. Questions about maintaining and rewarming after therapeutic
hypothermia

Questions Level 1 Level 2 Overall P_value
(n=10) (n=26) (n=36)

What is your target mean arterial
pressure during TH? (mmHg)

>55 0(0) 0(0) 0(0) 0.29

265 8(80.0) 24(92.3) 32(88.9) -

>75 22000 2(77)  4(11.1) -
What is your target PaCO2

during TH? (mmHg)

<40 0(0) 3(11.5)  3(83) 0.13

40< <45 10 (100.0) 21 (80.8) 31 (86.1) -

<45 0(0) 2(7.7) 2 (5.6) -
What is your target TH duration? (hr)

12 0(0) 0(0) 0(0) NA

24 14 (100) 13 (100) 27 (100) -

36 0(0) 0(0) 0(0) -

What is your definition of
normothermia? (°C)

350 0(0) 1(3.9) 1(2.8) -
36.0 5(50.0) 17 (65.4) 22 (61.1) -
36.5 5(50.0) 6(23.1) 11(30.6) -
36.8 0(0) 1(3.9) 1(2.8) -
370 0(0) 1(3.9) 1(2.8) -
What is your rewarming rate?

(°C/hr)

<0.2 3(214) 4(308) 7(259 076
02< <04 9(64.3) 8(61.5) 17(63.0) -
>04 1(7.14)  0(0) 1(3.70) -
No control on rewarming rate 1(7.14) 1(7.69) 2(7.41) -

Values are presented as number (%) unless otherwise indicated.
TH, therapeutic hypothermia; NA, not applicable.

In our study, EEG was the most commonly used method to eval-
uate the patients' neurologic prognoses (63.9%), followed by brain
computed tomography (58.3%), and brain magnetic resonance
imaging (58.3%). This is not consistent with a previous study that
showed that neurologic examination (92.0%) and median nerve
somatosensory evoked potentials (94.0%) were primarily used for
prognostication.'

We only observed a few statistically significant differences be-
tween the two groups. A higher numbers of TH procedures were
performed and more measures of cooling methods were used in
level 1 than level 2 centers. Among these methods, the rates of
using bladder irrigation and a mechanical external cooling device
showed statistically significant differences.

This study has several limitations. First, the number of study
participants was smaller than intended. In the national perspec-
tive, the included participants only accounted for less than 30%
of overall EDs. We observed wide differences in several factors be-
tween the two groups; however, these differences were not statis-
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Table 4. Methods used for neurological prognostication

Questions Level 1 Level 2 Overall P_value
(n=10) (n=26) (n=36)

Imaging tests
Brain magnetic resonance imaging 6 (60.0) 15(57.7) 21(58.3)  0.90

Brain computed tomography 6(60.0) 15(57.7) 21(583) 0.90
Neurophysiolgic tests

Somato-sensory evoked potential 2 (20.0) 3(11.5) 5(13.9) 0.51

Visual evoked potential 0(0) 2(7.7) 2 (5.6) 0.37

Bispectral index 2(200) 1(3.9) 3(8.3) 0.12

EEG 7(70.0) 16(61.5) 23(63.9) 0.64

akEG 0(0) 2(7.7)  2(58) 0.37
Biomarkers

Neuron-specific enolase 5(50.00) 8(30.8) 13(36.1) 0.8

S-100 5(50.00 2(7.69) 7(19.4) 0.01

Procalcitonin 3(300) 3(15 6(167) 0.18

Do you routinely use portable EEG? 7 (70.0) 11 (42.3) 18(50.0) 0.14

Values are presented as number (%) unless otherwise indicated.
EEG, electroencephalography; aEEG, amplitude-integrated EEG.

tically significant. A future investigation with better coverage will
likely yield significant outcomes.

Second, the survey questions might have been subjective to
the investigators. Even though comprehensive data were collect-
ed from previous studies and the questions were based on these
data, we might have not covered other elements of TH treatment
in our survey®°

Third, this study did not include data on institution and com-
munity characteristics. The socioeconomic status of the neighbor-
hood, urbanization level, and the case volume of cardiac arrest
are known institutional and regional characteristics that might
explain differences among study subjects.'’?**'

Last, we only studied TH protocols used in hospitals. There could
be gaps between these protocols and actual clinical practice due
to practical reasons. Therefore, studies conducted in patients level
should be referred in one needs to understand present practice.”
Although this study compared the TH protocols used in level 1 vs.
level 2 centers, we did not have data on the quality of care, which
limits implication to real practice.

In conclusion, we described the TH protocols used in 36 EDs.
The majority of the chief residents working in these hospitals per-
formed TH using written protocols. We observed a small number
of differences in the TH induction methods between level 1 and
the level 2 centers.
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Appendix 1. Survey on the therapeutic hypothermia
(TH) protocol

. Indication and contraindication

1. Is TH standard of care in your institute?
o Yes o No

2. How many times of TH do you perform in a month? Aver-
age, (standard deviation, SD) ( )/month

3. Do you have a written protocol for TH?
O Yes o No

4. Indications for your TH include followings?

Out-of-hospital cardiac arrest O Yes o No
In-hospital cardiac arrest O Yes o No
Unwitnessed cardiac arrest O Yes o No
Pediatric cardiac arrest O Yes o No

5. Contraindications for your TH include followings?
O Active bleeding
O Trauma arrest

o Terminal illness

O Poor pre-morbid status
O Severe sepsis O Pregnancy
o Uncontrolled arrhythmia O Refractory shock

0 Do-not-resuscitate patient

[l Induction of TH
1. How do you measure body temperature ?

D Esophageal O Rectal
o Tympanic membrane o Axillary
O Bladder
2. What sedatives and analgesics do you use for TH?
o Midazolam O Lorazepam
o Propofol 0 Dexmedetomidine
O Pethidine O Fentanyl
O Remifentanyl o ete. ( )
3. Do you routinely use neuromuscular blockers?
D Yes o No
4. Do you routinely use preventive anticonvulsants?
O Yes o No

5. If yes, what kind of drug ?
o Clonazepam
o Valproic Acid

O Levetiracetam
O Phenobarbital

o ete. ( )
6. Do you alter target temperature of TH for each case?
O Yes o No
What is your routine target temperature? Average, (SD)
o 32°C o 33°C o 34°C
o 35°C o 36°C o ete ( )°C

216
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7. What inducing methods do you use for TH?

0 Cold saline infusion O L-tube irrigation
o Bladder irrigation O Evaporation

o Fan O External cooling
O Internal cooling o ete. ( )
o Kind of machine O Arctic sun

o Alsius o Gaymer

O Blanketrol o ete. ( )

[Il. Maintaining TH
1. What is your target mean arterial pressure, PaCO, during TH?
MAP (mmHg) o >55 o > 65 o >75
PaCO, (mmHg) © <40 O 40-45 O >45
2. What is your target TH duration? (hr)
o 12 o 24 O 36 o 48
o 60 o 72 o ete. ( )

IV. Rewarming and normothermia

1. What is your definition of normothermia? ( ) °C
2. What is your rewarming rate? (°C/hr)
0 <0.2 o 0.25-0.3 o 0.3-0.35
o 0.35-0.4 o 0.4-0.45 o 0.45-0.5
0 >05 O Passive rewarming
3. What is your target normothermia duration ? (hr)
012 0 24 o 36 O 48
O 60 o 72 o ete. ( )

V. Methods to determine patients' neurologic prognosis
1. What kinds of test routinely used for determine patients’
neurologic prognosis?
Imaging
0 Magnetic resonance imaging
o Computed tomography
Neurophysiology
O Somatosensory evoked potential
O Visual evoked potential
O Bispectral index
O Electroencephalogram (EEG)
O amplitude-integrated EEG

Biomarker

O Neuron-specific enolase 0 S-100

O Procalcitonin oete. ( )
2. Do you routinely use portable EEG

O Yes o No
If yes, what kind of test

o Continuous EEG O Intermittent EEG

www.ceemjournal.org



