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ABSTRACT
Objective Few studies have reported factors that result
in a better neurological outcome in patients with
postcardiac arrest syndrome (PCAS) following return of
spontaneous circulation (ROSC). We investigated the
factors affecting neurological outcome in terms of both
prehospital care and treatments after arrival at hospital
in patients with PCAS.
Methods The study enrolled patients with cardiogenic
cardiac arrest who were admitted to an intensive care
unit after ROSC with PCAS. We investigated the
association of the following factors with outcome: age,
gender, witness to event present, bystander
cardiopulmonary resuscitation (CPR) performed, ECG
waveform at the scene, time interval from receipt of call
to arrival of emergency personnel, time interval from
receipt of call to arrival at hospital, prehospital
deﬁbrillation performed, special procedures performed by
emergency medical technician, and time interval from
receipt of call to ROSC, coronary angiography/
percutaneous coronary intervention (PCI) and therapeutic
hypothermia performed.
Results The study enrolled 227 patients with PCAS.
Compared with the poor neurological outcome group,
the good neurological outcome group had a statistically
signiﬁcant higher proportion of the following factors:
younger age, male, witness present, bystander CPR
performed, ﬁrst ECG showed ventricular ﬁbrillation/
pulseless ventricular tachycardia, deﬁbrillation performed
during transportation, short time interval from receipt of
call to ROSC, coronary angiography/PCI and therapeutic
hypothermia performed. Of these factors, the only
independent factor associated with good neurological
outcome was the short time interval from receipt of the
call to ROSC.
Conclusions In the present study, shortening time
interval from receipt of call to ROSC was the only
important independent factor to achieve good
neurological outcome in patients with PCAS.

INTRODUCTION
The term, postcardiac arrest syndrome (PCAS),
describes organ damage from whole-body ischaemia and reperfusion after return of spontaneous
circulation (ROSC) caused by cardiac arrest (CA).
Mortality rates from PCAS1 2 differ by country,
region and facility.3 In the west, in-hospital mortality rates after transfer to hospital are 60–70%.4 5 In
Japan, patients are given cardiopulmonary resuscitation (CPR) and transported to hospital even if a
long time has passed since the CA, so in-hospital
mortality rates are as high as around 90%.6
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A recent study has reported the following factors
related to poor outcome with PCAS: (1) myoclonic
status within 24 h of resuscitation or during three-day
observation, (2) loss of light reﬂex or corneal reﬂex
and (3) no motor response or extension in response
to pain.7 All these factors were at 24 h after ROSC
and were outcome predictors for survival or mortality.
PCAS has high in-hospital mortality rates, so a key
challenge from both a medical and social perspective
is the clariﬁcation of factors to predict good outcomes
at an early stage, rather than simply focusing on
factors relating to survival and mortality immediately
after ROSC in patients with PCAS.
A smooth transition to life support8 9 is important if outcome in patients with out-of-hospital CA
is to be improved. For CPR, transition to life
support starts when an individual is found to have
suddenly collapsed or to be unresponsive, immediately raising the suspicion of CA. Once the possibility of CA arises, the emergency services are
contacted for help (119; emergency call number in
Japan) and efforts are made to ensure the rapid
arrival of specialists or emergency personnel bringing resuscitation equipment and an automated
external deﬁbrillator (AED). Such equipment is
used to perform basic life support (BLS) rapidly,
followed by advanced life support (ALS). After
ROSC, the patient must receive intensive care at a
specialist institution as necessary, which should
increase the likelihood of good outcome.10 Good
neurological outcome must be increased with successful achievement of the chain of survival, that is,
rapid contact to the emergency services, rapid start
of CPR, BLS using electrical deﬁbrillation, ALS and
post-CA care.9 However, few studies showed which
factor would be the most important. In this
research, we performed a retrospective cohort
study using a database and medical records of
patients with out-of-hospital cardiogenic (including
suspected cardiogenic) CA transported by ambulance to our hospital. The objective of the research
was to clarify what was the factor to have the relationship of good neurological outcome, based on
outcome-related factors before hospital, and procedures/treatments performed after arrival at hospital
using an Utstein Style template11 in patients with
PCAS admitted to the intensive care unit (ICU).

EMERGENCY MEDICINE SYSTEMS IN TOKYO,
JAPAN
When a 119 call is received, the Emergency
Command Center in the Tokyo Fire Department
(TFD) dispatches an emergency vehicle to the scene
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Shorter time until return of spontaneous circulation
is the only independent factor for a good neurological
outcome in patients with postcardiac arrest syndrome
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PATIENTS AND METHODS
Patients and procedures
This study was approved by the Clinical Research Institutional
Review Board (IRB) of Nihon University School of Medicine

Box 1
Standards for ﬁrst-aid activities in special procedures performed
by emergency medical technicians Tokyo Fire Department First
Aid Standards
Securing an airway
▸ Laryngeal mask, oesophageal obdurator airway double
balloon tube
– In state of cardiac arrest (CA)
– Consciousness level Japan Coma Scale 300,
respiratory function halted
▸ Tracheal tube
– In state of CA and has the following:
– Choking on a foreign object
– If another emergency attending physician deems it
necessary
Transfusion by securing a peripheral venous route
▸ Patients for securing venous access
– Securing venous access is performed in the following
case
– Injured/sick individual in a state of CA
– Comatose and with respiratory or cardiopulmonary
arrest
▸ Methods for securing venous access
– Using a venous indwelling needle or a winged
needle, puncture the site below, and transfuse
lactate Ringer’s solution
Pharmacotherapy
▸ Patient aged 8 years or older, or with a body weight of
25 kg or above, in a state of CA, and comply with the
following;
– Injured/sick individual presenting with ventricular
ﬁbrillation or pulseless ventricular tachycardia.
– Injured/sick individual presenting with pulseless
electrical activity
– Injured/sick individual presenting with asystole
550

Itabashi Hospital. Study subjects were out-of-hospital CA patients
(including those suspected of cardiogenic CA) where the cause was
cardiogenic (including suspected cardiogenic cases) and who had
PCAS after ROSC. The study was designed as a single-institution
retrospective cohort research. The study enrolled patients with
PCAS transported to the Emergency and Critical Care Center of
this hospital between 1 January 2008 and 31 December 2010.
Data on the CA patients were tabulated in accordance with the
Utstein Style, and aggregate analyses were performed on the basis
of the hospitalisation register. These aggregate analyses were subjected to peer review through a conference between the emergency
medicine specialists and cardiovascular specialists the day after the
CA patient was transported to the hospital, evaluated using the
Utstein Style, and the data populated into a database.
This study deﬁnes out-of-hospital CA patient as individuals
where CA was conﬁrmed at the scene by EMT after a 119 call was
made. There are no clear standards governing the performance of
coronary angiography after ROSC, but patients with suspected
acute coronary syndrome based on ECG after ROSC, echocardiography and other tests, were tested using coronary angiography
before being admitted to the ICU, and percutaneous coronary
intervention (PCI) was performed in the vessels responsible.
In our hospital, therapeutic hypothermia (TH) is indicated
for cardiogenic (including suspected cardiogenic) CA patients in
a coma after ROSC and on admission to the ICU. The temperature of the patients was maintained at 34°C for 24 h from
the start of cooling. The patients were gradually rewarmed from
34°C to 36°C for 24 h. Exclusion criteria for TH in PCAS are
(1) unstable haemodynamics even with the use of vasopressors
(mean blood pressure <60 mm Hg or systolic blood pressure
<90 mm Hg), (2) inadequate oxygenation (PaO2/FIO2 ratio
<200), (3) patients in the end-stage of chronic disease and
(4) where family consent is not given.12
Evaluation of the outcome from PCAS was performed when
the patient was discharged or transferred from this hospital.
The endpoint was whether a good neurological outcome was
achieved or not. Neurological evaluation was performed using
the Pittsburgh cerebral-performance categories (CPC). A good
outcome was deﬁned as CPC 1 (good recovery) or 2 (moderate
disability), and a poor outcome was deﬁned as CPC 3 (severe
disability), 4 (vegetative state), or 5 (death).11
This research analysed the following factors related to
outcome based on medical records and a CA patient database
using the Utstein Style: (1) age, (2) gender, (3) witness present,
(4) bystander CPR performed, (5) ECG waveform at the scene
when emergency personnel arrived, (6) time interval from
receipt of the 119 call to arrival of emergency personnel, (7)
time interval from receipt of the 119 call to arrival at hospital,
(8) prehospital deﬁbrillation performed, (9) special procedures
performed by EMTs and (10) time interval from receipt of the
119 call to ROSC. The following factors relating to treatment
after hospitalisation were also investigated: (1) coronary angiography and PCI performed and (2) TH performed.
In order to compare factors related to neurological outcome
in PCAS, the primary endpoint was deﬁned as a good neurological outcome (CPC 1, 2) or poor neurological outcome (CPC
3, 4, 5) when patients with PCAS and admitted to the ICU were
discharged or transferred from our hospital. For the secondary
endpoint of surviving to hospital discharge, we compared surviving to hospital discharge (CPC 1, 2, 3, 4) and death (CPC 5).

Statistical analysis
Statistical analysis was performed using Stat-View V.5.0 (SAS
Institute, Cary, North Carolina, USA; 1998). Student t test was
Komatsu T, et al. Emerg Med J 2014;31:549–555. doi:10.1136/emermed-2013-202457
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from the nearest ﬁre station. Emergency services teams supplied by
Tokyo’s public services comprise three emergency services personnel who are usually on duty across a 24-hour schedule. At least one
of these team members is a qualiﬁed emergency medical technician
(EMT). EMTs can treat individuals experiencing CA at the scene,
using BLS; securing an airway and providing a concentrated
oxygen supply using bag-valve masks, laryngeal masks,
oesophageal-tracheal combitubes (oesophageal obdurator airway)
and tracheal tubes; securing a venous route for crystalloid solutions; intravenous administration of adrenaline; and deﬁbrillation
using an AED. Of these procedures, special procedures are deﬁned
as (1) securing an airway using equipment (oesophageal obdurator
airway or laryngeal mask, securing an airway using a tracheal tube,
and tracheal intubation by an individual accredited in this procedure); (2) securing a venous route and transfusion via a venous route
using the lactate Ringer’s solution and (3) drug administration
using adrenaline (adrenaline administration by an individual accredited in drug administration). The box below shows the standards
for performing special procedures at the scene by a EMT (box 1).

Original article

used to compare continuous variables, and Fisher’s exact test
was used to compare categorical data. Using these tests, we compared good and poor neurological outcome and compared survival and death. To predict outcome, we performed multiple
logistic regression with a forced entry method, and calculated
the ORs and 95% CIs using the dependent variables of good or
poor neurological outcome and survival or death, and the independent variables from the categorical data and the continuous
variable data. The forced entry method was used for age and
gender as explanatory variables, but these are not shown in the
Komatsu T, et al. Emerg Med J 2014;31:549–555. doi:10.1136/emermed-2013-202457

table. Data are expressed as mean±SD or as number of patients
(%). p<0.05 Was deﬁned as statistically signiﬁcant.

RESULTS
There were a total of 1524 CA patients during the study period.
Of these, 950 were cardiogenic (including suspected cardiogenic) CA patients. Excluding patients who suffered from CA
inside a hospital or patients who were transported to this hospital after ROSC left 915 patients. A total of 271 patients
achieved ROSC and 227 patients were admitted to the ICU
551
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Figure 1 Breakdown of total numbers in patients with cardiopulmonary arrest. CA, cardiac arrest; CPC, Pittsburgh cerebral-performance categories;
ICU, intensive care unit; ROSC, return of spontaneous circulation.
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Total patients (n)
Age
Gender (male)
Witness present
Bystander CPR performed
Initial ECG waveform
Ventricular fibrillation/PVT
Asystole/pulseless electrical activity
Action at the scene
Defibrillation performed
Special procedures performed
Treatment
Coronary angiography/PCI
performed
Therapeutic hypothermia
performed
Time from 119 call (min)
Arrival at the scene
Arrival at hospital
ROSC

CPC 1·2
(%)

CPC 3·4·5
(%)

p
Value

29
58.7±14.2
26 (89.7)
26 (89.7)
17 (58.6)

198
70.5±16.2
133 (67.2)
118 (59.6)
59 (29.8)

<0.001
0.016
0.002
0.003

23 (79.3)
6 (20.7)

43 (21.7)
155 (78.3)

<0.001

24 (82.8)
9 (31.0)

48 (24.2)
51 (25.7)

<0.001
0.652

18 (62.1)

48 (24.2)

<0.001

19 (65.5)

51 (25.7)

<0.001

6.4±2.5
33.6±6.4
18.3±15.1

6.8±2.7
34.8±9.2
48.6±17.9

0.557
0.479
<0.001

Special procedures refers to (1) securing an airway using equipment (oesophageal
obdurator airway or laryngeal mask, securing an airway using a tracheal tube, and
tracheal intubation by an individual accredited in this procedure); (2) securing a
venous route and transfusion via a venous route using the crystalloid solution lactate
Ringer’s solution and (3) drug administration using adrenaline (adrenaline
administration by an individual accredited in drug administration).
CPC, cerebral-performance category, CPR, cardiopulmonary resuscitation;
PCI, percutaneous coronary intervention; PVT, pulseless ventricular tachycardia;
ROSC, return of spontaneous circulation.

with PCAS (159 males, 68 females). Of the 227 patients admitted to the ICU with PCAS, 66 (29.1%) were treated with PCI
and 70 (30.8%) were treated with TH. TH was not performed
in 157 patients because of (1) improvements in the level of
consciousness (11 patients), (2) unstable haemodynamics
(142 patients), (3) inadequate oxygenation (2 patients), or

Table 2

(4) end-stage chronic disease (2 patients). Of the 227 PCAS
patients admitted to the ICU, 29 (12.8%) achieved a good neurological outcome and 198 (87.2%) had a poor neurological
outcome (ﬁgure 1). Table 1 shows the characteristics of the PCAS
patients with a good neurological outcome and with a poor
neurological outcome. The good neurological outcome group of
patients with PCAS at ICU was young, included many men, and
included a statistically signiﬁcant higher proportion of witnesses
to the patient’s collapse at the scene. A signiﬁcantly higher
(p<0.001) number of patients where the initial ECG showed
ventricular ﬁbrillation (VF) or pulseless ventricular tachycardia
(PVT) achieved a good neurological outcome. Of the prehospital
care, there was a high proportion of patients receiving deﬁbrillation after the 119 call and while being transported. However,
there was no statistically signiﬁcant difference in the proportion
of patients receiving special procedures at the scene by EMTs. No
statistically signiﬁcant difference was seen in the time interval to
the arrival of emergency personnel or the time interval from
receipt of 119 call to arrival of the CA patient at hospital. The
time interval from receipt of 119 call to ROSC was signiﬁcantly
shorter in the good neurological outcome group. Looking at the
factors relating to the course after hospitalisation, the group with
a good neurological outcome had a signiﬁcantly higher proportion of patients receiving coronary angiography/PCI or TH. Of
these prehospitalisation and posthospitalisation factors, analysis
of the independent variables related to neurological outcome
using multiple logistic regression showed that there was only a
relationship with the time interval from receipt of the 119 call to
ROSC; a longer time to ROSC (OR: 0.86; 95% CI 0.81 to 0.92;
p<0.001) was correlated with CPC 3, 4, 5 ( poor neurological
outcome) (table 2).
For the secondary endpoints, tables 3 and 4 show the results
when the patients with PCAS admitted to the ICU were divided
into two groups according to outcome: survival and death.
There were signiﬁcantly more survivors when the emergency
personnel arrived quickly, and signiﬁcantly more survivors when
EMTs performed special procedures at the scene. Of these prehospital and posthospital factors, the independent factors
related to surviving to hospital discharge that correlated to a
good survival outcome were bystander CPR by a witness, special

Factors related to a good neurological outcome in patients with postcardiac arrest syndrome

Factors
Witness present
Bystander CPR performed
Initial ECG waveform
Ventricular fibrillation/PVT
Action at the scene
Defibrillation performed
Special procedures performed
Treatment
Coronary angiography/PCI performed
Therapeutic hypothermia performed
Time from 119 call (min)
Arrival at the scene
Arrival at hospital
ROSC

OR and 95% CI

OR

95% CI

p Value

3.83
3.79

0.50 to 29.62
0.64 to 22.39

0.198
0.142

14.00

0.96 to 204.60

0.054

0.46
2.31

0.03 to 7.37
0.46 to 11.52

0.579
0.309

1.13
1.64

0.24 to 5.26
0.28 to 9.52

0.879
0.583

1.15
0.99
0.86

0.81 to 1.62
0.90 to 1.10
0.81 to 0.92

0.437
0.904
<0.001

Special procedures refers to (1) securing an airway using equipment (oesophageal obdurator airway or laryngeal mask, securing an airway using a tracheal tube, and tracheal intubation
by an individual accredited in this procedure); (2) securing a venous route and transfusion via a venous route using the crystalloid solution lactate Ringer’s solution and (3) drug
administration using adrenaline (adrenaline administration by an individual accredited in drug administration).
CPR, cardiopulmonary resuscitation; PCI, percutaneous coronary intervention; PVT, pulseless ventricular tachycardia; ROSC, return of spontaneous circulation.
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Table 1 Comparison of factors related to neurological outcome in
patients with postcardiac arrest syndrome
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CPC 1·2·3·4 (%) CPC 5 (%) p Value
Total patients (n)
Age
Gender (male)
Witness present
Bystander CPR performed
Initial ECG waveform
Ventricular fibrillation/PVT
Asystole/pulseless electrical activity
Action at the scene
Defibrillation performed
Special procedures performed
Treatment
Coronary angiography/PCI performed
Therapeutic hypothermia performed
Time from 119 call (min)
Arrival at the scene
Arrival at hospital
ROSC

58
63.7±15.1
51 (87.9)
47 (81.0)
31 (53.4)

169
70.8±16.5
108 (63.9)
97 (57.4)
45 (26.6)

39 (67.2)
19 (32.8)

27 (16.0)
142 (84.0)

<0.001

44 (75.9)
24 (41.4)

28 (16.6)
36 (21.3)

<0.001
0.005

34 (58.6)
39 (67.2)

32 (18.9)
31 (18.3)

<0.001
<0.001

6.1±2.2
33.6±7.9
27.2±21.6

6.9±2.8
35.0±9.2
50.8±15.7

0.048
0.309
<0.001

0.004
<0.001
0.001
<0.001

Special procedures refers to (1) securing an airway using equipment (oesophageal
obdurator airway or laryngeal mask, securing an airway using a tracheal tube, and
tracheal intubation by an individual accredited in this procedure); (2) securing a
venous route and transfusion via a venous route using the crystalloid solution lactate
Ringer’s solution and (3) drug administration using adrenaline (adrenaline
administration by an individual accredited in drug administration).
CPC, cerebral-performance category, CPR, cardiopulmonary resuscitation;
PCI, percutaneous coronary intervention; PVT, pulseless ventricular tachycardia;
ROSC, return of spontaneous circulation.

procedures performed by a EMT, and a shorter time between
receipt of the 119 call and ROSC (table 4).

DISCUSSION
In this research, as in previously reported studies, there were signiﬁcantly more patients achieving a good neurological outcome
even with PCAS where there were the prehospital factors of
bystander CPR and VF/PVT on initial ECG and the posthospitalisation treatment-related factors of coronary angiography/PCI
Table 4

and TH after ROSC. However, of note in this study was the
ﬁnding that while it is important for a witness to the event to
perform bystander CPR and EMTs to perform special procedures in order to increase survival rates in patients with PCAS,
this alone is insufﬁcient to achieve a good neurological
outcome. The key is how to reduce the time interval from
receipt of the 119 call to ROSC.
Hayakawa et al13 reported that time from collapse to ROSC
was one of the most important prognostic indicators for the
patients after ROSC. The present study also showed the importance of ischaemic time interval for the patients with PCAS.
Generally, the outcome for CA patients treated with TH is most
strongly correlated with the time from collapse with CA to
ROSC (median 25 min), regardless of whether the initial ECG
showed VF, asystole, or pulseless electrical activity.14 For neurological outcome, however, 57.9% of CA patients achieving
ROSC in 25 min or less had a good neurological outcome, compared with zero patients with a good outcome where time to
ROSC was over 25 min even with TH. The same study also
showed that a good neurological outcome was only achieved in
21.2% of patients where the time to ROSC was 25 min or less
but who were not treated with TH. This suggests that a good
outcome is inﬂuenced by the length of time the patient experiences cerebral ischaemia during the CA and CPR.
The two cornerstone studies proved the efﬁcacy of TH for
PCAS patients.15 16 However, the present study showed that TH
was not associated with a good neurological outcome. One of
the inclusion criteria of these two studies was VF/PVT as the
initial cardiac rhythm.15 16 In the present study, the criteria of
TH included not only VF/PVT but also other non-shockable
rhythm. For the PCAS patients with non-shockable as the initial
cardiac rhythm, TH was reported not to be associated with
good outcomes.17 The reason why TH was not an independent
factor for good neurological outcomes in the present study may
be the difference in the criteria for initial cardiac rhythm. The
design of the present study could not elucidate the answer to
the efﬁcacy of TH. Further study is needed.
With the emergency medicine system in Japan, it can be
unclear as to when precisely the CA occurred, and the patient
transported to hospital even if a long time has passed since the
CA. Similar results are obtained even in investigations restricted

Factors related to survival in patients with postcardiac arrest syndrome

Factors

OR and 95% CI

Witness present
Bystander CPR performed
Initial ECG waveform
Ventricular fibrillation/PVT
Action at the scene
Defibrillation performed
Special procedures performed
Treatment
Coronary angiography/PCI performed
Therapeutic hypothermia performed
Time from 119 call (min)
Arrival at the scene
Arrival at hospital
ROSC

OR

95% CI

p Value

1.17
6.61

0.30 to 4.51
1.76 to 24.81

0.820
0.005

0.33

0.02 to 7.29

0.483

15.75
18.44

0.69 to 357.41
4.39 to 77.53

0.084
<0.001

1.24
3.92

0.32 to 4.86
0.94 to 16.27

0.755
0.060

0.92
0.98
0.91

0.73 to 1.15
0.91 to 1.04
0.88 to 0.94

0.460
0.449
<0.001

Special procedures refers to (1) securing an airway using equipment (oesophageal obdurator airway or laryngeal mask, securing an airway using a tracheal tube, and tracheal intubation
by an individual accredited in this procedure); (2) securing a venous route and transfusion via a venous route using the crystalloid solution lactate Ringer’s solution and (3) drug
administration using adrenaline (adrenaline administration by an individual accredited in drug administration).
CPR, cardiopulmonary resuscitation; PCI, percutaneous coronary intervention; PVT, pulseless ventricular tachycardia; ROSC, return of spontaneous circulation.
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Table 3 Comparison of factors related to survival and death in
patients with postcardiac arrest syndrome
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to only those patients with PCAS where there was a witness to
the event. The Utstein Style11 emphasises the time that has
passed since the emergency call, so this research also calculated
the time to ROSC based on the time since the receipt of the
119 call rather than the time since the CA. The predicting score
for survival consisted of immediate cause of CA, initial cardiac
rhythm on ambulance arrival, presence of witnesses and
bystander CPR and so on.18–20 However, ischaemic time interval was not included in these scores. The collapse time was not
an exact time and would be presumed in many cases. This may
be the reason why the time interval from collapse to ROSC was
not included in these scores. In the present study we can show
the effectiveness of the time interval from receipt of the 119
call to ROSC, to predict a good neurological outcome for PCAS
patients, instead of the time interval from collapse to ROSC.
Call receipt time is an ofﬁcial time, and is reliable. Therefore,
we may use the time from receipt of the call to ROSC to create
a predicting score for a good neurological outcome.
This study showed that survival rates for patients with PCAS
are increased with bystander CPR and special procedures by
EMTs, but the results suggested it may be even more important
to try to reduce the time interval to ROSC if the patient is to be
a good neurological outcome. Of particular interest is a study
by Yasunaga et al that analysed data from Japan and showed
that better outcomes can be achieved in more patients if
bystander CPR is followed by ALS from physicians, rather than
EMTs. According to Yasunaga et al,21 special procedures performed by EMTs before hospital increase survival rates but do
not affect neurological outcome. His study supports the ﬁndings
from another study by Stiell et al.4 Ambulances in Japan have
two EMTs providing CPR while the patient is being transported
to hospital, so there may be limits to the amount of continuous
BLS or ALS they can provide inside the cramped vehicle and in
a moving environment.
Cerebral blood ﬂow during CPR is poor. Dogs with CA and
with no CPR for 5 min had 41% neurological deﬁcit after resuscitation.22 CPR immediately after CA appears to be an essential
factor from the aspect of brain resuscitation. The present study
suggests cerebral blood ﬂow may be insufﬁciently restored for
the brain in the case of prolonged chest compression in CPR,
because of attaining wide extent from 4% to 60% of normal
level at standard external chest compression.23 The brain may
have a time-sensitive vulnerability for whole-brain ischaemia
even though CPR is performed. In studies to investigate lowering the body temperature by emergency personnel administering
an infusion solution cooled to 4°C to out-of-hospital CA
patients either during CPR24 or after ROSC,25 these techniques
were shown to be safe even during CPR and effective in producing hypothermia even after ROSC. These results suggest that in
regions where it takes time to transport a patient to hospital,
improved outcomes may be achieved through simple and effective methods to initiate TH at the scene when ROSC is achieved
and thereafter.
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