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Introduction:  International  guidelines  recommend  a bundle  of  care,  including  targeted  temperature  man-
agement  (TTM),  in  post  cardiac  arrest survivors.  Aside  from  a few  small  surveys  in  different  European
countries,  adherence  to  the European  Resuscitation  Council  (ERC)  and  European  Society  of Intensive  Care
Medicine  (ESICM)  recommendations  are  unknown.
Methods:  This  international  European  telephone  survey  was conducted  to provide  an  overview  of  current
clinical  practice  of  post  cardiac  arrest  management  with  a main  focus  on  TTM.  We  targeted  large  teaching
uropean survey
ost-resuscitation care
arget temperature management
tandard operating procedure

and  university  hospitals  within  Europe  as  leading  facilities  and  key  opinion  leaders  in  the  field  of  post
cardiac  arrest  care. Selected  national  principal  investigators  conducted  the  survey,  which  was  based  on
a predefined  questionnaire,  between  December  2014  and  March  2015,  before  the publication  of  the  ERC

Guidelines  2015.

Results: The  return  rate  was  94%  from  268  participating  intensive  care  units  (ICU).  The  majority  had  a
predefined  standard  operating  procedure  (SOP)  protocol  for post  cardiac  arrest  patients.  Altogether,  68%
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of  the  ICUs  provided  TTM  at a target  temperature  of  32–34 ◦C for 24  h,  and  33%  had  changed  the  tar-
get  temperature  to 36 ◦C.  The  minority  provided  a written  SOP  for neurological  prognostication,  which
was generally  initiated  72  h  after return  of  spontaneous  circulation  (ROSC).  Electroencephalography  and
somatosensory  evoked  potentials  were  used  by  most  ICUs  for early  prognostication.  Treating  more  than
fifty  patients  a  year  was  significantly  associated  with  providing  written  SOPs  for TTM  and  prognostication
(p  <  0.01),  as  well  as the  use  of  a  computer  feedback  device  (p  =  0.03)  for  TTM.
Conclusion:  This  international  European  telephone  survey  revealed  a high  rate  of  implementation  of TTM
in  post  cardiac  arrest  patients  in  university  and teaching  hospitals.  Most  participants  also  provided  a SOP,
but  only  a minority  had  a SOP  for neurological  prognostication.

©  2017  Elsevier  B.V. All  rights  reserved.
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Table 1
Detailed data from different European countries participating in the survey are
given. Number of ICUs per country, total number of beds per country and partic-
ipating ICUs and number of post cardiac arrest patient per year (<10, 10–50 or >50)
are given (* no data from 2 ICUs; ** no data from 13 ICUs).

Country no. of ICUs no. of beds <10 10–50 >50

Austria 15 145* 4 (27%) 8 (53%) 3 (20%)
Belgium 7 198 4 (57%) 3 (43%)
Finland 5 119 2 (40%) 3 (60%)
France 45 906 3 (6%) 26 (58%) 16 (36%)
Germany 81 1495** 10 (12%) 27(33%) 27 (33%)
Italy 21 247 6 (28%) 14 (67%) 1 (5%)
Netherlands 8 244 2 (25%) 6 (75%)
Norway 7 88 2 (29%) 5 (71%)
Poland 15 183 3 (20%) 10 (67%) 2 (13%)
Slovenia 2 26 1 (50%) 1 (50%)
Spain 10 109 9 (90%) 1 (10%)
Sweden 8 116 3 (38%) 5 (62%)
ntroduction

Post cardiac arrest management has changed considerably over
he last decade, especially following several milestone trials on
he use of targeted temperature management (TTM) in comatose
urvivors after cardiac arrest [1–4]. In 2010, the European Resus-
itation Council (ERC) guidelines recommended to cool comatose
atients to a constant temperature between 32 and 34 ◦C for 24 h
4]. In 2013, however, the pragmatic “TTM trial” showed that there
as no difference in outcome among cooled patients if the target

emperature was 33 ◦C or 36 ◦C [5]. Accordingly, the ERC guidelines
rom 2015, co-established with the European Society of Intensive
are Medicine (ESICM), recommended a wider range of target tem-
eratures between 32 ◦C and 36 ◦C in this setting [4].

In addition to TTM for the treatment of ischemic-hypoxic
rain injury, structured post-arrest treatment bundles includ-

ng hemodynamic – optimization, early percutaneous coronary
nterventions (whenever indicated), controlled oxygen and carbon
ioxide levels during mechanical ventilation and tight glucose con-
rol provide a substantial reduction of secondary brain insults [6,7]
nd were also included into recent recommendations to manage
ardiac arrest (CA) survivors (4). However, the rate of implemen-
ation of these therapies widely varies between different European
ountries and TTM may  still be an underused part of a standardized
ost-arrest clinical management [8–10]. Additionally, some centers
topped to use TTM after CA and moved to normothermia or fever
ontrol because of misinterpretation of the TTM study [11]. Thus, it
ould be of great importance to understand current clinical prac-

ice for CA survivors to better understand how current guidelines
ave been implemented.

This international European survey was therefore conducted to
ive an overview of current practice of post cardiac arrest manage-
ent in Europe focusing on large teaching and University hospitals

s leading facilities with key opinion leaders in the field of post car-
iac arrest care. Importantly, the survey was performed at a time
hen the ERC guidelines still recommended TTM in the 32◦–34 ◦C

ange, but after the publication of the TTM trial.

ethods

National investigators in 14 European countries were recruited
o be responsible for a structured telephone survey between
ecember 2014 and March 2015 using a predefined questionnaire

Fig. 1). Large teaching hospitals and University hospitals as leading
acilities and key opinion leaders in the field of post cardiac arrest
are were targeted. Core data about type and size of the intensive
are unit (ICU) as well as data about implementation of post arrest
anagement, whether, standard protocols for TTM and prognosti-
ation were used and target population were surveyed. The leading
hysician of the ICU was contacted, at least twice if the first con-
act was without success. As the structure of hospitals varies in
urope the number of ICUs within a hospital admitting post cardiac
Switzerland 7 197 1 (14%) 5 (72%) 1 (14%)
UK 36 1003 3 (8%) 14 (39%) 19 (53%)

arrest patients varies; there is also variation between hospitals and
countries. All completed questionnaires were computer-analyzed
and final data double-checked before entering statistical analysis.
The department for medical computer science at the medical fac-
ulty of the University Aachen, Germany, was responsible for data
analysis, calculations and presentation of data. To analyze if the
number of patients being treated in the ICU had any association
with the care provided as part of the post cardiac arrest bundle,
a differentiation between less/more than 50 treated cardiac arrest
patients per years was  made. Statistical analysis was  performed
using the R environment for statistical computing and graphics,
version 3.2.2 (Fire Safety). For group comparisons chi-square test
was used and a p-value <0.05 was  considered to indicate statis-
tical significance. Diagrams were generated using the R-packages
ggplot2, rworldmap 1.3-1, and Map  Projections (Packaged for R by
Ray Brownrigg and Thomas P Minka, transition to Plan 9 codebase
by Roger Bivand), version 1.2-4.

Results

Core data

In total, 268 ICUs in 14 European countries (Table 1) were con-
tacted. Among those, 94% provided a full data set as defined in the
questionnaire and 16 ICUs declined to participate (Fig. 1).

Post cardiac arrest management

General characteristics

In 68% of the ICUs in leading hospitals a written SOP was imple-

mented to treat post cardiac arrest patients whereas 26% and 6%, of
the ICUs, respectively, either did not have a written protocol or did
not answer (Fig. 2). 73% of ICUs used early coronary angiography
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Fig. 1. Questionnaire used for telephone survey in all participating countries. ICU intensive care unit; TTM target temperature management; OHCA out-of-hospital car-
diac  arrest; IHCA in-hospital cardiac arrest; PCI percutaneous catheter intervention; VF ventricular fibrilation; VT ventricula tachycardia; CA cardiac arrest; SOP standard
operating procedure; MAP  mean arterial pressure; EEG electroencephalography; SEP somatosensory evoked potentials; NSE neuron specific enolase; cCT cerebral computer
tomographie; hrs hours.
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Fig. 2. (A) Target population concerning location of cardiac arrest (IHCA, in-hospital arrest; OHCA, out-of-hospital arrest) in all ICUs and separated by number of patients per
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ear  (B) Whether a computer feedback device was used or not (Y, yes, N, no) in all IC
r  not ICUs have a written SOP (standard operating procedure) for TTM (Y, yes; N
anagement towards all rhythms (shockable or not-shockable; Y, yes; N, no) in all

ECA) with subsequent percutaneous coronary intervention (PCI)
or initial shockable cardiac rhythm if the cause of arrest was most
ikely cardiac (missing data in 21 sites). In 40% of ICUs, patients with
nitial non-shockable rhythms also received ECA if the cause was
ikely cardiac. A target for mean arterial pressure (MAP), blood glu-
ose levels, partial pressure of carbon dioxide (pCO2) and oxygen
pO2) was predefined in 59%, 66%, 56% and 51% of the ICUs, respec-
ively (missing data in 18 sites). Invasive cardiac output monitoring
as routinely used in 26% of the ICUs (Fig. 2).

arget temperature management
In 63% of the ICUs the target temperature was  in the 32◦–34 ◦C

ange, whereas 30% of the ICUs used 36 ◦C as their target temper-
ture (missing data in 18 sites; see Fig. 3). 79% of the ICUs applied
TM for 24 h, 12% of ICUs cooled even longer and 2% shorter (miss-
ng data in 18 sites). In 72% of the ICUs, TTM was used for both
n-and-out-of-hospital cardiac arrest and in 80% regardless of initial
hythm (in 7% no answer was given) (Fig. 2). A computer feedback
ooling device was used by 76% (missing data in17 sites) and 77%
erformed a feedback controlled rewarming procedure (missing
ata in 18 sites).

eurological prognostication
A written SOP for neurological prognostication was available in

0% of the ICUs (missing data in 18 sites). The timing varied with
% of ICUs initiating prognostication after 24 h, 30% between 24
nd 72 h and 60% at 72 h or later (missing data in 21 sites). Elec-

roencephalography (EEG), cerebral computer tomography (CT),
omatosensory evoked potentials (SSEPs) and neuron-specific eno-
ase (NSE) were used in 71%, 60%, 53% and 46% of the ICUs,
espectively (Fig. 4).
d separated by number of patients per year (C) Figure shows the answer to whether
in all ICUs and separated by number of patients per year (D) Target temperature
nd stratified by number of patients per year.

Treatment and number of annually treated patients
ICUs treating a large number of patients (over 50 patients per

year) had significantly more often a written SOP implemented for
post-cardiac-arrest management as well as a written standard pro-
tocol for neurological prognostication (N = 93, p < 0.01). In addition,
the use of a computer feedback device for TTM was  also significantly
more often used in those ICUs treating a large number of patients
(p = 0.03).

Discussion

Our results currently represent the largest survey describing the
core of the post cardiac arrest treatment protocols in large European
teaching and university hospitals. It was  performed prior to the lat-
est recommendations from ERC/ESICM in 2015, but 13–16 months
after the publication of the TTM trial. The survey showed signif-
icant variations within the European countries, but the majority
of the ICUs used a SOP for the general management and a tar-
get temperature of 32–34 ◦C. Noteworthy, only 50% had a SOP for
prognostication [5].

Core data and baseline characteristics

Of the 268 ICUs asked to participate, a total of 94% completed
the survey. We  think the participation of dedicated and interested
key opinion leaders in each country, contributed to this high rate.

A SOP can improve patient safety and quality of treatment in a
variety of settings, and makes the treatment less physician and/or
nurse-dependent [6,7,12]. A general pathway for clinical man-

agement and treatment and known pitfalls or side effects of the
treatment should be highlighted in a SOP, with the possibility to
apply individual treatment strategies when considered necessary.
According to our results most, but not all, of the participating ICUs
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sed a SOP, indicating further need for improvement. Importantly,
he likelihood of having a SOP was significantly associated with the
umber of treated cardiac arrest patients per year.

In cardiac arrest patients with ST-elevation myocardial infarc-
ion, ECA with subsequent PCI was performed in the majority of
ites. Whether immediate ECA is necessary in survivors after CA
ithout ECG changes or in patients with non-shockable rhythms is

till under debate [13,14]. Our data suggest that a minority of ICUs
rovide ECA with subsequent PCI in patients with non-shockable
hythms, and only when a cardiac arrest of cardiac cause is sus-
ected. Several studies have indicated that many patients without
CG changes have significant culprit lesions as an underlying cause
or their cardiac arrest requiring PCI [15]. Most recently, Staer-
ensen and colleagues demonstrated that the ECG is actually of
imited value in predicting which patients had culprit lesions or
ot, and even in patients with initial asystole and PEA, half of the
atients had coronary stenosis of more than 50% [16].

The question whether ECA vs. later coronary angiography
mong NSTEMI patients saves more lives, is currently being
nvestigated in several large RCTs (TOMAHAWK trial Germany,
CT02750462 (ClinicalTrials.gov Identifier); DISCO trial Sweden,
CT02309151; COACT trial Netherlands, NTR 4973 (trialregis-

er.nl); EMERGE trial France, NCT02876458; PEARL trial USA,

CT02387398).

Although ERC guidelines in 2010 also recommended normoxia
80–120 mmHg) and normocapnia (35–45 mmHg) during mechan-
cal ventilation, a MAP  within normal targets (65–80 mmHg) for
t have changed the local target temperature after the TTM-trial by Nielsen et al. to
f change from 0% to 100%. For example in Switzerland 6/7 ICUs have changed (86%)

ICU patients as well as avoiding hyper-and hypoglycemia, our data
indicated that only a minority of ICUs had predefined targets for
MAP, oxygenation and ventilation, however, the majority of ICUs
had a predefined target of blood glucose [17]. Those predefined tar-
gets need to be interpreted with caution as the evidence is low due
to lack of data in post-cardiac arrest care. Especially an intensive
glucose management was  shown to increase mortality in intensive
care patients [18].

This might be improved by dissemination of best practice SOPs
from ICUs using such targets and protocols.

Target temperature management

According to our survey results, collected 13–16 months after
the TTM trial, but still at a time with the 2010 ERC guidelines rec-
ommendations of TTM to 32◦–34 ◦C, the majority of European ICUs
applied TTM to 32◦–34 ◦C for 24 h. This was  in general offered all
comatose survivors irrespective of initial rhythm and location of
arrest if active treatment was decided. Moreover, the rate of using
a feedback device for TTM was  high. Our results show a difference
between countries concerning the current target temperature after
cardiac arrest (Fig. 4). Especially the change to 36 ◦C as new target
temperature showed a decline from north to south in Europe. A

webmail based survey among 518 emergency physicians in France
by Deye at al. revealed that 44% had changed to a target tempera-
ture of 36 ◦C one year after the publication of the TTM results [19].
Although results from both studies were collected before publica-
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Fig. 4. (A) Written standard for neurological outcome prognostication (Y, yes; N, no) in all ICUs and separated by number of patients per year (B) Whether participants use
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SE  (neuron specific enolase) or not as biomarker in prognostication (Y, yes; N, no
CT  (cerebral computer tomography) or not in prognostication (Y, yes; N, no) in a
somatosensory evoked potentials) or not in prognostication (Y, yes; N, no) in all IC

ion of the new guidelines it is known that implementation of new
herapies or guidelines in general takes time [20]. Another publi-
ation revealed an adoption rate of 25% of the target temperature
f 36 ◦C after CA in the Netherlands 8 months after the TTM trial
esults were published [21].

The current guidelines recommend the use of a feedback con-
rolled TTM device to maintain a constant target temperature,
lthough there are no data to show that the use of such devices
mproves neurological outcome. But there is some evidence that
f the temperature inadvertently rises over 37 ◦C, which could
ccur by cooling with simple ice packs, neurologic outcome of the
atients might be affected [22].

eurological prognostication

Prognostication after cardiac arrest has changed remarkably
ver the last years. Neurological prognostication should allow
ptimizing identification of those individuals that benefit from
ost cardiac arrest care and avoid premature withdrawal of life-
ustaining treatment (WLST) which is a frequent cause of death
n the ICU [23]. A multimodal approach including the use of
iomarkers, SSEP, EEG and clinical examination should there-
ore be combined to enhance the reliability of prognostication.
he current advisory ERC/ESICM statement on prognostication in
omatose survivors after cardiac arrest strongly recommends a
ultimodal approach which should not be performed before 72 h

fter ROSC and after ensuring the clearance of sedation and elimi-
ation of other possible confounders [4,24]. A prolonged time of
linical monitoring and reassessment, at least 3–5 days, is rec-

mmended to determine any change in neurology. Despite these
ecommendations, only 50% of the ICUs have a formalized SOP for
rognostication, giving EEG and brain CT the highest priority. Most

CUs (60%) perform testing after 72 h, but 30% evaluate the patient
l ICUs and separated by number of patients per year (C) Whether participants use
 and separated by number of patients per year (D) Whether participants use SEP

 separated by number of patients per year.

already between 24 and 72 h. As the optimal type of sedation is
unknown so far in post cardiac arrest survivors very short acting
drugs might add a benefit and will increase the reliability at the
time of prognostication [25]. If a decision of WLST is made too early,
we might loose survivors with the potential to recover as a relevant
number will regain consciousness later than 72 h, especially if lower
target temperatures were used [26].

Differentiation according to the number of patients treated in the
ICU

Our data show that experienced ICUs with a large number of
patients treated per year will more often provide a written SOP for
TTM and prognostication. They are also more likely to have a com-
puter feedback device compared with ICUs treating less than 50
patients per year. As we  can provide no outcome data, this infor-
mation needs to be interpreted with caution, but there is evidence
that patients with Simplified Acute Physiologic Score II (SAPS II)
between 20 and 60 selectively did benefit from being treated in
high volume centers [27]. The impact on outcome of specialized
cardiac arrest centers with high patient volumes requires further
evaluation.

The general management of post cardiac arrest patients, how-
ever, consists of a bundle of several different steps. To enhance
patient safety and generate a high degree of implementation and
acceptance a formalized standard operating procedure (SOP) is
indispensable. However, university and teaching hospitals should
feel responsible to share best clinical practice and current knowl-
edge by education and sharing of protocols. The ESICM recently

started an online library calling for TTM protocols (http://www.
esicm.org/research/TTMlibrary).

The current guidelines for post-resuscitation care also dis-
cuss the need for high-volume cardiac arrest centers, which may

http://www.esicm.org/research/TTMlibrary
http://www.esicm.org/research/TTMlibrary
http://www.esicm.org/research/TTMlibrary
http://www.esicm.org/research/TTMlibrary
http://www.esicm.org/research/TTMlibrary
http://www.esicm.org/research/TTMlibrary
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mprove the quality of treatment [28,29]. Such a strategy is simi-
ar to that of established stroke or trauma centers and needs to be
urther discussed in the years to come [27].

onclusions

This international European telephone survey revealed a high
ate of implementation of TTM in post cardiac arrest patients in
niversity and teaching hospitals. Most ICUs also had a SOP for the
reatment of post-cardiac arrest patients but only a minority used

 SOP for neurological prognostication.

imitations

The selection of participants by the national investigators is a
ossible confounder. A large number of ICUs were included, how-
ver, and very few declined participation.

Our survey was conducted after the publication of the TTM trial
ut before the latest guideline update by ERC and ESICM in October
015 emphasizing a target temperature range between 32◦–36◦. At
he time of our survey the guidelines thus recommended a target
emperature of 32–34◦, and it is possible that more centers have
hanged to a target temperature of 36◦ following the latest changes
n ERC/ESICM guidelines.
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