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Abstract

In-hospital use of mild therapeutic hypothermia in cardiac arrest survivors:
Growing implementation in the Czech Republic (PRE-COOL 2: Hospital Survey 2008)

Objective: To compare the extent of therapeutic mild hypothermia (TH) usage in cardiac arrest survivors in
the Czech Republic during the last years, to assess the impact of the guidelines on TH usage and to analy-
ze the reasons of its non-use.

Design: National questionnaire survey.

Setting: Emergency Medical Service, Department of Anaesthesiology and Intensive Care Medicine.
Materials and methods: After completing a list of all non-surgical intensive care units (ICU) in the Czech Re-
public, their lead physicians were sent a structured questionnaire in December 2006 (S2006) and October
2008 (S2008).

Results: Total 39.7% and 41.5% (p = 0.617) ICUs out of a comparable number of ICUs surveyed (S2006: n =
468, S2008: n = 487) responded. We detected an increase in TH usage among the ICUs in the Czech Repub-
lic that provide post-cardiac arrest care from 50.7% in S2006 to 63.8% in S2008 (p = 0.037). The proportion
of patients treated with TH out of all admitted cardiac arrest patients was similar (S2006: 53.3 + 33.5%, S2008:
57.3 + 33.2%, p = 0.317). The most powerful predictor of TH implementation in an ICU was having more than
ten admitted cardiac arrest patients per year (OR 11.66, 95% CIl 3.9-39.5, p < 0.001). The most frequent rea-
son for TH non-use as identified in S2008 was lack of funds (54.9%). A maximum incremental increase of the
number of ICUs using TH occurred in 2007, predominantly on the basis of the 2005 European Resuscita-
tion Council Guidelines.

Conclusion: A significant increase of in-hospital TH implementation in cardiac arrest survivors in the Czech
Republic was observed during the last years. It was especially promoted by the recent guidelines for cardi-
opulmonary resuscitation.

Keywords: therapeutic mild hypothermia — implementation — cardiac arrest — cardiopulmonary resuscita-
tion - intensive care

Souhrn

Nemocniéni pouzivani terapeutické mirné hypotermie u pacientt pfezivajicich po srde¢ni
zastavé — narast v Ceské republice (PRE-COOL 2: Hospital Survey 2008)

Cil studie: Analyzovat vyvoj pouzivani terapeutické mirné hypotermie (TH) v Ceské republice, posoudit vliv
aktualnich doporuceni pro kardiopulmonalni resuscitaci (KPR) na implementaci metody a analyzovat pfipad-
né priciny jejiho nedostateéného pouzivani.

Typ studie: Dotaznikovy narodni prizkum.

Typ pracovisté: Uzemni stfedisko zachranné sluzby, Klinika anesteziologie, resuscitace a intenzivni mediciny.
Materigl a metoda: Po kompletaci seznamu vSech nechirurgickych jednotek intenzivni péée (JIP) v Ceské re-
publice byli jejich vedouci Iékafi nebo pfednostové prislusného oddéleni v prosinci 2006 (S2006) a v fijnu
2008 (S2008) obeslani strukturovanym dotaznikem.

Vysledky: Srovnatelny pocet JIP byl zafazen do studie v obou prizkumech (S2006: n = 468, S2008: n = 487).
Navratnost dotaznik( byla srovnatelna (S2006: 39,7%, S2008: 41,5%, p=0,617). Na pracovistich poskytuji-
cich éasnou poresuscitaéni péci byl zjiStén nartst poc¢tu oddéleni pouzivajicich TH (S2006: 50,7%, S2008:
63,8%, p = 0,037). Podil nemocnych lééenych TH ze v§ech hospitalizovanych pacientti po KPR na jednotli-
vych JIP se nezménil (S2006: 53,3 + 33,5 %, S2008: 57,3 + 33,2 %, p = 0,317). NejsilnéjSim prediktorem pou-
zivani TH bylo oSetfovani > 10 nemocnych po KPR roéné (OR 11,66, 95% CI 3,9-39,5, p < 0,001). Nejcastéjsi
pFic¢inou nepouzivani TH v roce 2008 byl nedostatek finanénich prostredkti (54,9 %). Nejvétsi pfFirtistek JIP
nové pouzivajicich metodu nastal v roce 2007, pfevazné na zakladé doporuceni European Resuscitation
Council pro KPR 2005.
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Z4vér: V nemocnicich Ceské republiky do$lo k nartistu implementace TH u nemocnych po nahlé zastavé
obéhu mezi roky 2006 a 2008. Narust byl motivovan zejména platnymi doporuéenimi pro KPR.
Klicova slova: terapeuticka mirna hypotermie — implementace — nahla zastava obéhu — kardiopulmonaini re-

suscitace — intenzivni medicina
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Introduction

Recently, therapeutic mild hypothermia (TH) has
become a routine part of early post-cardiac arrest ca-
re in comatose cardiac arrest survivors [1-3]. Throu-
ghout the world, in-hospital TH utilisation has varied
from 8 to 95% in different countries from 2003 until
now [4, 5]. In the Czech Republic, it was used by 47%
of the intensive care units (ICU) that cared for cardiac
arrest patients at the end of 2006 [6]. Since this time,
there has been a lot of other evidence published about
the effectivness of this procedure. Therefore, we deci-
ded to reassess the position of TH in the Czech Re-
public, to analyze the extent of TH usage in cardiac
arrest survivors, to assess the reasons for non-use, to
evaluate the compliance to guidelines and to compa-
re the recent data with the results of the last survey.

Material and methods

Selection of participants, study design,
questionnaire

The evaluation was realized as the second project of
working group PRE-COOL (Pre-hospital Cooling in
Cardiac Arrest Patients) and termed by an acronym
PRE-COOL 2: Hospital Survey 2008. It was performed
in accordance with the Helsinki declaration. No pati-
ents data has been collected. Therefore an ethical
committee agreement was not required. In December
2006, we constructed the directory of all intensive ca-
re units (ICUs) in the Czech republic irrespective of its
type by means of the hospital register in the Czech Re-
public, public internet sources and telephone contacts.
The structured questionnaire was addressed to the
head physician of every ICU. A total of 600 ICUs were
summonsed by the questionnaire during the period of
3 months by regular mail (The 1st survey 2006, S2006).
Responses were returned via post-mail, email or fax. In
2008, the ICU directory was updated and the question-
naire was extended. After exclusion of the ICUs spe-
cialized in general surgery, obstetrics and gynecology
and orthopedy, a total of 487 ICUs were summonsed
in October 2008 by the same pattern as in the previous
survey (The 2nd Survey 2008, S2008). Both surveys
were performed anonymously. Responses were collec-
ted and statistically processed. The subject of the ana-
lysis were the providers of early post-cardiac arrest ca-
re. To enable comparison of the surveys, the results of
S2006 were retrospectively reclassified into the same
spectrum of summonsed ICUs as in S2008.

Questionnaire

The S2006 questionnaire was composed of 23 and
S2008 of 44 structured items, respectively. The items
were of dichotomous and polytomous closed type and
of semi-closed type of the questiones. The first part of
the questionnaire was focused on the demographic
variables (type of a hospital and ICU, number of beds
in ICU, instrumentation available for organ support,
access to cathetrization laboratory). This was followed
by items regarding the use of TH, frequency of its usa-
ge and impact of guidelines on local method imple-
mentation. The third part particularly analyzed the
methodology of the cooling process and reasons of
TH non-use.

Statistical analysis

Mean values + standard deviation (SD) or percen-
tages were calculated for all variables. Statistical sig-
nificancy was assessed by y?2 test, Students t-test or
Fischer exact test, with reference to the type of para-
meters. Independent predictors were evaluated by
multivariate logistic regression analysis. Data was ana-
lyzed using JMP 3.2 statistical software (SAS Institu-
te, Cary, NC, USA). A p value of < 0.05 was conside-
red statistically significant.

Results

Response-rate, demography

All returned questionnaires were evaluated. Out of
the comparable number of the summonsed ICUs
(S2006: n = 468, S2008: n = 487) responded 39.7%
(n = 186) and 41.5% (n = 202), respectively (p =
0.617). From the responding ICUs, 73.1% in S2006
(n=136) and 69,8% in S2008 (n = 141) provided ear-
ly post-cardiac arrest care (p = 0.291). Those ICUs
were the subject of further evaluation. From the group
of post resuscitation care providers, the majority of the
responding ICUs were from non-university hospitals
(S2006: 67.6%, S2008: 72.3%, p = 0.470), the rest we-
re the university facilities. The average number of beds
per ICU was 8.3 + 3.7 in S2006 and 7.9 + 4.2 in S2008
(p = 0.402). More than 20 cardiac arrest patients
a year admitted 25.7% in S2006 and 31.2% in S2008
(p = 0.378) and < 10 patients a year 46.3 % and
41.1%, respectively (p = 0.452). While more than 11
cardiac arrest patients a year admitted as much as
85.5% of Departments of Anaesthesiology and Inten-
sive Care and 82.3% of Coronary Care Units in
S2008, this rate reached only 23.1% of Internal Medi-
cine ICUs (p < 0.001).

318

Anesteziologie a intenzivni medicina



Usage of therapeutic mild hypothermia

In the group of all providers of early post-cardiac ar-
rest care, TH was used by 50,7% (n = 68) in S2006
and by 63.8% (n = 90) of them at the time of S2008 (p
= 0.037). Distribution of TH implementation depending
on the type of ICU and its changes in time is shown in
table 1. While significant increase was observed in the
Depts. of Anaesthesiology and Intensive Care, imple-
mentation in the Coronary care units was unchanged
and in the Internal Medicine ICUs TH acceptance re-
mained low. Due to the small number of the respon-
ders, it was not possible to reliably compare TH usage
in the other types of ICU, like pediatric, neurologic etc.

The most powerfull demographic independent posi-
tive predictor of TH usage was a fact of having more
than ten admitted cardiac arrest patients per year (OR
11.66, 95% CI 3.9-39.5, p < 0.001). The other signifi-
cant predictors were Dept. of Anaesthesiology and In-
tensive Care as the type of the ICU (OR 14.0, 95% Cl
3.5-66.2, p < 0.001), and university hospital facility (OR
5.43, 95% Cl 1.1-31.4, p = 0.045).

The proportion of cardiac arrest patients treated
with TH of all admitted cardiac arrest patients in all
centers has remained in both surveys the same
(S2006: 53.3 + 33.5%, S2008: 57.3 + 33.2%, p =
0.317). Table 2 shows the proportion of cardiac arrest
survivors treated with TH and the most responding ty-
pes of ICU in both surveys. The fraction of centers
applying TH in more than 75% of all admited cardiac
arrest patients has been comparable (S2006: 34.7%,
S2008: 31.1%, p = 0.602). In S2008, this active coo-
ling approach was significantly more frequent in uni-
versity facilities than in non-university hospitals (46.4
vs. 23.7%, p = 0.032). The responders who implemen-

ted TH in 2005 or earlier cooled higher proportion of
cardiac arrest patiens than those who started with the
method later (74.9 vs. 51.5%, p = 0.004).

Reasons of non-use

In S2008, the proportion of TH non-using respon-
ding providers of early post-cardiac arrest support was
lower than in S2006 (36.5 vs. 49.3%, p = 0.044). The
number of non-users who had not heard about TH tre-
atment were comparable in both surveys (16.4 vs.
9.8%, p = 0.443). The proportion of the most frequent
reasons for non-use detected in S2006 was decrea-
sed in S2008. It was a lack of information about the
method (from 75.0 to 25.5%, p < 0.001), an absence
of the national guidelines for TH usage (from 48.2 to
15.7%, p < 0,001) and a method technically too diffi-
cult (from 23.2 to 9.8%, p = 0.004). The complete list
of the reasons of non-use in 2008 is reviewed in Figu-
re 1.

Guidelines implementation

Figure 2 shows the annual gain of new TH users
every year from 2001 and the cumulative amount of
TH users. The year of the maximal annual gain of the
new TH users was 2007. After the publication of both
documents, an ILCOR Advisory statement 2003 was
considered to be the impulse for TH introduction in
25% of the responding ICUs, while the subsequent
European Resuscitation Council guidelines 2005
accounted for 73% of them [1, 2].

As much as 77.8% of the responders supported the
strategy of cooling initiation of succesfully resuscita-
ted out-of-hospital cardiac arrest patients as early as
in the pre-hospital period.

Table 1. Comparison of TH usage in different types of ICUs in 2006 and 2008

S2006 S$2008
No. of the TH usage No. of the TH usage p
responders* (%) responders* (%)

Department of Anaesthesiology 54 66.7 62 91.9 0.002
and Intensive Care

Coronary Care Unit 21 61.9 17 70.6 0.827
Internal Medicine ICU 36 25.0 39 25.6 0.837
Neurological ICU 4 25.0 5 20.0 0.530
Pediatric ICU 13 30.8 5 80.0 0.176
Specialized Surgical ICU 7 85.7 9 66.7 0.773
Other ICU 1 0 4 0

TH — therapeutic mild hypothermia, ICU — intensive care unit

*Number of the responding providers of early postresuscitation intensive care.

Table 2. Comparison of the proportion of patients treated with TH out of all admitted cardiac arrest patients in both surveys

S2006 S2008
Proportion of cooled Proportion of cooled p
patients (% * SD) patients (% * SD)
Department of Anaesthesiology and Intensive Care 49.3+31.6 54.2+33.2 0.482
Coronary Care Unit 41.3+213 65.5+35.0 0.046
Internal Medicine ICU 62.1 +£34.6 51.8+37.4 0.543
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Fig. 1. The reasons for TH non-use given by the providers of post-cardiac arrest care in 2008
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Fig. 2. The annual gain of new TH using ICUs and the cumulative number of TH using ICUs
ILCOR 2003 — therapeutic hypothermia after cardiac arrest. An advisory statement by the
Advancement Life support Task Force of the International Liaison committee on Resusci-
tation1; ERC 2005 — European Resuscitation Council guidelines for resuscitation 20052;
TH — therapeutic mild hypothermia; ICU — intensive care unit

Discussion

65.3% during the period from De-
cember 2006 to October 2008. The
most frequent reason for non-use
in 2008 was a lack of resources.
Induction of TH in cardiac arrest
survivors has been entrenched in
the guidelines and should be
a routine part of an armamentari-
um of all facilities providing post-
cardiac arrest support [2, 3]. Effec-
tivity of the method has been eva-
luated by randomized clinical trials
[7, 8]. An excellent clinical effect of
the method has been shown with
a number-needed-to-treat of 6 to
reach a favourable neurological
outcome [9]. Nevertheless, a num-
ber of surveys published in the last
five years has revealed that an im-
plementation of TH into the routine
post-resustitaion management has
been unsatisfactory in different
countries, fluctuating from 8 to
95 % — Figure 3 [4, 5, 10-18].
However, these findings repre-
sent general information only. The-
re has been a lot of methodological
differences between the surveys,
especially in the definition of the tar-
get group of the investigations (so-
me surveys investigated a personal
experience of the individual physici-
ans, the other examined TH imple-
mentation in the separate ICUs), in
the questionnaire design, in the
number of items, in its formulation,
in the way of the questionnaire deli-
very etc. Moreover, assessment of
TH implementation was usually on-
ly qualitative, based on the ques-
tion like ,have you ever used TH
after cardiac arrest?”. It would be
more useful to analyze also a pro-
portion of cardiac arrest patients tre-
ated with TH within all admitted car-
diac arrest cases. Such analysis
has been published by Oksanen et
al. [5]. They performed a very sop-
histicated registry-based national
survey in all 20 Finnish ICUs provi-
ding early post-cardiac arrest sup-
port. They found a very high TH im-
plementation of 95%. However, the
proportion of cooled patients within

all the cardiac arrest cases in the country was only 28%

in 2005. It is also important that in this nation-wide sur-

The results of our survey found that the implemen-
tation of TH after cardiac arrest in the non-surgical
ICUs in the Czech Republic increased from 50.7 to

dies.

vey, the authors found a similar 6-months outcome of
cardiac arrest patients as in published randomized stu-

Therefore, we should be aware that TH implemen-
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Fig. 3. TH implementation in different countries in the last years
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hypothermia.

tation in USA, Canada and in several other european
countries except for Finland has been low and probab-
ly applied only to a limited group of patients. Thus, in
the following surveys, it is advisable to investigate not
only a simple TH implementation but also its real fre-
quency of use and further interventions should be tar-
geted also to this aspect.

In the Czech Republic, we observed an increase in
number of the ICUs using TH while the frequency of its
application has remained the same in the last two ye-
ars. The second survey showed that the frequency of
the TH application is associated with the length of TH
implementation and a rule proceeds “the longer time
method implemented, the higher frequency of use”. In
the last 3 years an intensive professional discussion
dealing with TH has been in progress in the commu-
nity of intensivists, cardiologists and emergency medi-
cine physicians in the Czech Republic. This can be
one of the main influences of TH usage enhancement.
We found exquisite implementation in the Depts. of
Anaesthesiology and Intensive Care, where there has
been a majority of cardiac arrest patients admitted in
the Czech Republic’s history. It has reached almost
100% in the time of the survey and the frequency of
use was 54%. In the Coronary Care Units, TH imple-
mentation has remained permanently high, but with
the increase of frequency of use. On the contrary, un-
satisfactory positions have been described in both sur-
vey and in the Internal Medicine ICUs with low imple-
mentation and frequency of use. A main reason is pro-
bably a small number of admitted cardiac arrest pati-
ents in the Internal Medicine ICUs. We can speculate
that this fact can be associated with less intense effort
to update a post-cardiac arrest care. The implemen-
tation of TH in other types of ICU (neurological, pedi-
atric etc.) was not possible to assess beyond the sta-

use [4,5, 10-16].

Despite of an in-
creasing number of
published articles in
the last years, one
tenth of the responders providing post-cardiac arrest
care indicated in S2008 that they had never heard
about the method. In S2006, the most frequent rea-
sons among the informed non-users have been the
a lack of information about the method and the absen-
ce of the national guidelines for TH usage. Both have
been significantly less frequent in 2008, but still pre-
sent. All these reasons are related together and we
hope that will be minimalized by Czech Consensual
statement for the application of TH which has been re-
leased recently [19]. This document covers essential
knowledge and a protocol for TH administration.

In S2008, the most frequent recent reason for non-
-use has been referred a lack of financial resources. It
is true that sophisticated device-based cooling tech-
niques are associated with considerable initial and
operating costs. However, rapid administration of cold
crystaloids and simple surface cooling via ice packs
is a very cheap and efficient method. Although this
approach is burdened by a considerable risk of over-
cooling, it has been evaluated as effective in randomi-
zed studies [7, 8, 20, 21]. Therefore, conventional sim-
ple methods are still an acceptable way of cooling and
are applicable especially as a starting implementati-
on technique with minimal costs. Thus, a lack of re-
sources should not be a fundamental reason for non-
-use of TH.

We appreciate that more than one third of non-
-using ICUs reported that they are ready for use and
waiting for the first patient. This indicates ongoing inc-
rement of TH implementation.

We also assessed whether and how intensively the
implementation of TH in the Czech Republic has been
influenced by the published ILCOR Advisory state-
ment of 2003 and The European Resuscitation Coun-
cil guidelines for resuscitation 2005 [1, 2]. The latter
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was the impulse for the TH acceptance in the majori-
ty of the responders. The maximum annual gain of
new TH users was observed 2 years after the guideli-
nes were released, indicating a common period ne-
ccessary to complete the process for a major accep-
tance of guidelines.

It is noteworthy that three quarters of the TH using
responders supported pre-hospital initiation of cooling
in the resuscitated out-of-hospital cardiac arrest pati-
ents. This is in agreement with the standpoint of The
Czech Society for Emergency and Disaster Medicine.
It is with the close cooperation of in-hospital facilities
that makes it an effort to augment pre-hospital post-
-cardiac arrest support including TH.

Even though increasing implementation of TH in-
duction in cardiac arrest patients is obvious in the
Czech Republic, there are a lot of challenges and
room for improvement. Firstly, one stream of effort de-
aling with TH in cardiac arrest survivors should be tar-
geted to extend general TH acceptance and imple-
mentation in the Internal Medicine ICUs. This would
be with the cooperation with the Czech Society of In-
ternal Medicine. Secondly, effort should be focused on
enhancing the frequency of TH application in all ICUs.
Thirdly, with an understanding of the advantages of
device-based cooling techniques, its unavailability
should not be a barrier for TH implementation. We ho-
pe that the release of a national consensual statement
will help to widen the acceptance of the effective and
safe practice of TH in cardiac arrest survivors. Any-
way, we are aware of the fact that guidelines, however
evidence-based, are only a single contributor to the
definite clinicians acceptance of a new method. Sore-
ide et al. and Brooks et al. reviewed specific barriers
for the implementation of TH and outlined the specific
interventions having potentional to improve TH uptake
[22, 23]. These increase the visibility of TH guidelines
within the guideline, the addition of a cooling protocol
to the guidelines, the usage of clinically embedded re-
minders, the optimalization of organizational factors to
facilitate TH delivery, the encouragement of interpro-
fessional involvement to promote guideline implemen-
tation, the dissemination of research findings through
courses, mailing and journals and the adoption of pe-
riodic audit and feedback. The continuing process of
guideline implementation must be stepwise, following
the awareness-agreement-adoption-adherence model
[24]. Generally, we consider that further TH surveys
should be constructed as ICU clinical practice targeted
rather than an analysis of experiences of separate
physicians. The most benefitial would be to assess
a particular proportion of treated patients of all admit-
ted cardiac arrest patients rather than evaluation of
simple use or non-use only.

We will continue monitoring the practice of TH and
we plan to perform a subsequent survey in 2011.
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