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pmc-prop-in-epmc yes pmc-license-ref CC BY-NC MAJOR CHANGES IN 2020 POST-CARDIAC
ARREST CARE GUIDELINE The 2020 Korean Post-cardiac Arrest Care Guidelines are medical
recommendations derived based on scientific evidence for post-cardiac arrest care. These
guidelines are based on the 2020 scientific consensus and treatment recommendations of the
International Liaison Committee on Resuscitation and we additionally considered the research
papers in the post-cardiac arrest care field which were published after the International Liaison
Committee on Resuscitation review [ 1 , 2 ]. In these guidelines, topics which are clinically important
and needed further consideration were reviewed in the form of adaptation or hybridization.
Meta-analyses or scoping reviews for additional PICOs (Population, Intervention, Control,
Outcomes) were also performed.

The level of evidence (LOE) used the definition of the American Heart Association. It was divided
into level A, the highest level, to level C, the lowest level [ 3 ]. Details are as follows. Level A is a
LOE based on one or more high-quality randomized controlled studies, a meta-analysis of results of
high-quality randomized controlled trials (RCTs), or one or more randomized controlled studies from
a high-quality registry. Level B-R (randomized) is a LOE based on one or more moderate quality
randomized controlled studies or a meta-analysis of results of randomized controlled studies with
moderate quality. Level B-NR (non-randomized) is a LOE based on one or more well-performed
non-randomized observational studies or moderate quality evidence from a well-performed registry,
well-performed randomized observational studies, or meta-analysis results from registry studies.
Level C-LD (limited data) is a LOE based on a RCT or a non-random observational study. This level
is based on results of studies with limitations in study design and implementation, randomized
controlled studies, non-random observational studies, or meta-analysis results of studies with
limitations in study design and implementation as registry studies, or physiological or mechanical
studies in human. Level C-EO (expert opinion) is based on consensus opinion of experts.

The recommendation grade was judged on the basis of direction (benefit and harm) and strength
(strong recommendation and weak recommendation) based on the recommendation in the GRADE
(Grading of Recommendations Assessment, Development and Evaluation) method. Classification
is divided into three categories used by the American Heart Association [ 3 , 4 ]. Class I is when the
benefit of the care or intervention is very high relative to the risk (it is appropriate for most
physicians to provide care or intervention to most patients). Class IIa is when a care or intervention
is generally useful (with some important exceptions, it is appropriate for most physicians to provide
care or intervention). Class IIb is when a care or intervention has a positive effect, although the
evidence is not clear. Class III (no benefit) is when care or intervention is ineffective (it is the case
when high-level studies have not demonstrated efficacy). Class III (harm) is when a care or
intervention has a higher risk than benefits (in case of harm).

Compared to the 2015 guidelines, changes made in the 2020 guidelines are as follows.

We recommend avoiding hypoxemia in adults who have a return of spontaneous circulation
(ROSC) after a cardiac arrest (Class I, Level C-LD).

We suggest to apply 100% oxygen until oxygen saturation (SpO 2 ) or partial pressure of oxygen in
the arterial blood (PaO 2 ) can be accurately measured (Class IIa, Level C-LD) in adults who have
ROSC after a cardiac arrest. In addition, we suggest avoiding hyperoxemia by titrating the fraction
of inspired oxygen to target an oxygen saturation of 92% to 98% in patients who remain comatose
after ROSC (Class IIb, Level B-R).

We suggest maintaining a partial pressure of carbon dioxide in the arterial blood (PaCO 2 ) within a
normal physiological range of 35 to 45 mmHg in adults who have ROSC after a cardiac arrest
(Class IIb, Level C-LD).

We suggest performing coronary angiography after neurological recovery from hospitalization
rather than early coronary angiography for adults without ST segment elevation on



electrocardiography (ECG) after ROSC when no obvious non-cardiac cause is identified (Class IIb,
Level B-NR).

We suggest performing early coronary angiography in the case of electrical instability with
persistent ventricular tachycardia or ventricular fibrillation, or cardiogenic shock even if there is no
ST segment elevation on the ECG after ROSC (Class IIa, Level B-NR).

We recommend performing targeted temperature management (TTM) to all adult cardiac arrest
patients who do not respond to verbal commands after ROSC regardless of the initial ECG rhythm
(Class I, Level B-R).

A target temperature of 32°C to 36°C is recommended for adult patients who do not follow
commands after ROSC (Class I, Level BR). It is reasonable to maintain TTM for at least 24 hours
after achieving target temperature (Class IIa, Level B-NR).

We do not recommend the routine use of rapid infusion of cold fluids intravenously to induce
hypothermia after ROSC in a prehospital setting (Class III, Level A).

We recommend treatment of clinically apparent seizures in comatose adults after ROSC (Class I,
Level C-LD). Anticonvulsants that are commonly used for the treatment of seizures caused by other
etiologies may be considered for the patients with seizures after ROSC (Class IIb, Level C-LD).

We suggest that routine seizure prophylaxis is not used in comatose adults after ROSC (Class III,
Level B-NR).

The benefit of the routine use of prophylactic antibiotics in patients with ROSC is uncertain (Class
IIb, Level B-R).

The neurological prognostication in an adult comatose patient after ROSC should not be performed
by only one test result. It should use a multimodal approach using the results of various tests such
as clinical examination, electrophysiology, biomarkers, and imaging (Class I, Level B-NR). Even
though the individual test is performed earlier, we suggest using the multimodal approach at a
minimum of 72 hours after normothermia (5 days after ROSC) (Class IIa, Level B-NR).

Bilateral absent pupillary light reflexes or corneal reflexes, quantitative pupillometry in patients who
remain comatose at 72 hours or later after ROSC may predict a poor neurological outcome in
combination with other prognostic tests (Class IIb, Level C-LD).

The presence of myoclonus and status myoclonus within 72 hours of ROSC may predict a poor
neurological outcome in combination with other prognostic tests (Class IIb, Level B-NR). We
suggest electroencephalography (EEG) recording in case of status myoclonus to find related
epileptic activity (Class IIb, Level C-LD).

Bilateral absent N20 waves on somatosensory evoked potential (SSEP) more than 24 hours after
ROSC may predict a poor neurological outcome in combination with other prognostic tests (Class
IIb, Level B-NR).

The presence of unequivocal seizures on EEG during the 72 hours after ROSC may predict a poor
neurological outcome in combination with other prognostic tests (Class IIb, Level B-NR).

Burst suppression on EEG after sedation has cleared at 72 hours or more after ROSC may predict
a poor neurological outcome in combination with other prognostic tests (Class IIb, Level B-NR).



The absence of a normal trace within 36 hours after ROSC in amplitude-integrated EEG monitoring
may predict a poor neurological outcome in combination with other prognostic tests (Class IIb,
Level B-NR).

High serum levels of neuron specific enolase (NSE) measured at 24-72 hours after ROSC may
predict a poor neurological outcome in combination with other prognostic tests (Class IIb, Level
B-NR).

Reduced gray-white matter ratio (GWR) on brain computed tomography (CT) within 24 hours after
ROSC, or extensive areas of restricted diffusion and reduced apparent diffusion coefficient (ADC)
on magnetic resonance imaging (MRI) at 2 to 7 days after ROSC may predict a poor neurological
outcome in combination with other prognostic tests (Class IIb, Level B-NR).

We suggest that withdrawal of life-sustaining treatment based on predicted poor neurological
outcome are postponed until at least 72 hours after ROSC in adult comatose patients treated with
TTM (Class IIa, Level C-LD).

Organ donation should be considered in comatose patients who fulfill neurological criteria for brain
death after ROSC or cardiac arrest patients who have not achieved ROSC from cardiac arrest
(Class IIb, Level C-LD).

We recommend structured assessment for anxiety, depression, post-traumatic stress, and fatigue
for cardiac arrest survivors (Class I, Level B-NR).

We recommend that cardiac arrest survivors have multimodal rehabilitation assessment and
treatment for physical, neurological, cardiopulmonary, and cognitive impairments before hospital
discharge and receive a comprehensive, multidisciplinary discharge plan including medical and
rehabilitative treatment (Class I, Level C-LD).

Adult patients with non-traumatic out-of-hospital cardiac arrest (OHCA) should be considered for
transport to a hospital that can provide 24-hour coronary angiography and TTM (Class IIb, Level
B-NR).

In the 2020 CPR guidelines, post-cardiac arrest care is also emphasized as a key element in the
chain of survival. The post-cardiac arrest care algorithm presents treatment strategies and
therapeutic goals to be considered in the initial stabilization stage followed by investigation of the
cause of cardiac arrest, treatment of reversible causes, and intensive care strategies to reduce
additional brain damage. In addition, continued management planning, such as secondary
prevention and rehabilitation for cardiac arrest survivors, and neurological prognostication for
patients who do not recover consciousness after a certain period of time are newly included ( Fig. 1
).

When a cardiac arrest patient is unconscious after ROSC, the airway should be secured by
endotracheal intubation if endotracheal intubation has not been performed during CPR. There is no
RCT determining whether different oxygen concentrations or avoiding hypoxemia before measuring
SpO 2 or PaO 2 is associated with clinical outcomes. However, one observational study has
reported that hypoxemia is associated with a poor outcome. Hypoxemia is theoretically likely to
cause tissue damage by causing tissue hypoxia [ 5 ]. Therefore, we recommend avoiding
hypoxemia in adults who have ROSC. In addition, to prevent further damage due to tissue hypoxia,
we suggest to apply 100% oxygen until SpO 2 or PaO 2 can be accurately measured in adults who
have ROSC.

Several RCTs have compared low-dose oxygen treatment with high-dose oxygen treatment in
prehospital settings in patients after ROSC [ 6 - 9 ]. While oxygen treatment at a lower
concentration compared to 100% oxygen treatment had no benefit for survival discharge in a



cluster RCT, targeting of oxygen concentrations lower than 100% showed a benefit for survival
discharge [ 6 - 8 ]. In a meta-analysis that evaluated survival discharge with good neurological
outcomes, there was no benefit of supplying low concentrations of oxygen [ 5 , 7 ]. In a study
comparing the target treatment for normal oxygenation and the target treatment for hyperoxia after
the intensive care unit admission, the target treatment for normal oxygenation had no benefit. On
the other hand, in subgroup analysis of a RCT, treatment that avoided hyperoxia had benefit for
90-day survival with good neurological outcome [ 9 - 11 ]. Although four observational studies
showed that targeted treatment for hyperoxia was associated with low survival rates or poor
neurological outcomes, six studies did not show such association [ 5 , 12 - 20 ]. Therefore, we
suggest avoiding hyperoxemia by titrating the fraction of inspired oxygen to target an oxygen
saturation of 92% to 98% in patients who remain comatose after ROSC.

Hypercapnia increases cerebral blood flow and intracranial pressure, while hypocapnia reduces
cerebral blood flow and intracranial pressure. Two RCTs comparing two different PaCO 2 targets
have been reported. A RCT with a low LOE compared treatments targeting high-normal PaCO 2
(44–46 mmHg) with low-normal PaCO 2 (33–35 mmHg) after ROSC and the other RCT with a low
LOE compared treatments targeting moderate hypercapnia (50–55 mmHg) with normocapnia
(35–45 mmHg). As a result, treatment targeting high hypercapnia did not have benefits compared
to treatment targeting normal or low-normal hypocarbia [ 11 , 21 ]. In observational studies, it has
been reported that hypercapnia shows contradictory results or it is not associated with good
outcome [ 5 , 12 , 15 , 22 - 24 ]. Hypocapnia has also showed similar results and no studies had
reported its benefits. Therefore, we suggest maintaining PaCO 2 within a normal physiological
range of 35–45 mmHg in adults who have ROSC after a cardiac arrest.

Immediately after ROSC, arterial pressure should be continuously monitored by rapidly inserting an
arterial catheter along with ECG monitoring. If the arterial catheter cannot be inserted, blood
pressure should be measured frequently by a non-invasive method until the patient is
hemodynamically stabilized.

One observational study has compared a group with a mean arterial pressure (MAP) of 70 to 90
mmHg and a group with a MAP >90 mmHg and found that the group with MAP >90 mmHg had
better neurological outcomes [ 25 ]. A RCT has compared a MAP of 85 to 100 mmHg target and a
MAP of 65 mmHg target and found that cerebral oxygen saturation measured by near-infrared
spectroscopy was higher in the group with a MAP of 85 to 100 mmHg without showing differences
in neurological outcomes between the two groups [ 26 ]. A RCT has compared a MAP of 80 to 100
mmHg target with a 65 to 75 mmHg target and found no difference in NSE or neurological
outcomes at 48 hours [ 27 ]. However, in both RCTs, the sample size was insufficient to determine
the effect on survival or neurological outcomes. Thus, it is currently difficult to determine the effect
of a treatment targeting an average MAP >65 mmHg

Hypotension can reduce oxygen delivery to tissues by decreasing perfusion to organs including the
brain. Hypotension after ROSC (defined as systolic blood pressure <90 mmHg or MAP <65 mmHg)
is associated with death and poor neurological outcomes in a number of observational studies [ 28 -
34 ]. However, the evidence is insufficient to determine a specific hemodynamic goal for
post-cardiac arrest patients. It is suggested that hypotension should be corrected quickly, and a
hemodynamic goal should be determined for individual patients, while maintaining a systolic blood
pressure >100 mmHg.

Acute coronary syndromes are common causes of adult cardiac arrest [ 35 - 37 ]. Thus, 12-lead
ECG and cardiac marker tests should be performed as soon as possible after ROSC to confirm the
presence or absence of acute coronary syndrome. It is recommended to perform emergency
coronary angiography for all cardiac arrest patients with ST segment elevation on ECG after ROSC
regardless of their state of consciousness [ 38 ].

In a large-scale RCT conducted in patients with suspected acute coronary syndrome among
cardiogenic cardiac arrest patients without ST segment elevation on ECG after ROSC, after



comparing the strategy of performing coronary angiography within 2 hours after ROSC and the
strategy of performing coronary angiography after neurological recovery, there was no difference in
90-day mortality or neurological outcome [ 39 ]. In a meta-analysis of 11 studies (including four
RCTs), there was no difference in 30- day mortality rate, neurological outcome, or the ratio of
coronary intervention between the strategy of early coronary angiography and the strategy of
post-stable coronary angiography [ 40 ]. According to results of an additional meta-analysis, in the
case of suspected acute coronary syndrome among patients with cardiogenic cardiac arrest and no
ST segment elevation on ECG after ROSC, short-term mortality rates were compared between
patients who underwent coronary angiography immediately after hospital visit and those who
underwent coronary angiography after neurological stabilization. Results revealed no difference in
30-day mortality between the two groups [ 36 , 41 - 43 ]. In four observational studies comparing
short-term mortality of patients who underwent coronary angiography immediately after hospital
visit and those who did not undergo coronary angiography, patients who underwent coronary
angiography immediately after the hospital visit showed lower mortality than those who did not
undergo coronary angiography [ 36 , 43 - 45 ]. In three observational studies comparing shortterm
neurological outcome of patients who underwent coronary angiography immediately after
admission to the hospital and those who underwent coronary angiography after neurological
stabilization, there was no difference in short-term neurological outcome between the two groups [
36 , 42 , 43 ]. In three observational studies, patients who underwent coronary angiography
immediately after hospital visit showed a better short-term neurological outcome than those without
coronary angiography [ 36 , 43 , 44 ]. Therefore, we suggest performing coronary angiography after
neurological recovery from hospitalization rather than early coronary angiography for adults without
ST segment elevation on ECG after ROSC when no obvious non-cardiac cause is identified.
Moreover, unlike in the West, it is necessary to take into consideration the reality that there are
many sudden cardiac deaths due to coronary artery spasm in Korea. Thus, early coronary
angiography should not be routinely performed in patients without ST segment elevation after
ROSC when there are no indications for emergenct coronary angiography, including cardiogenic
shock, persistent ventricular tachycardia or ventricular fibrillation, and persistent ischemic chest
pain [ 46 ]. Even if there is no ST segment elevation on ECG after ROSC, when patients are in a
state of electrical instability with persistent ventricular tachycardia or ventricular fibrillation, severe
coronary artery stenosis has been found in 85% of patients. Moreover, early coronary angiography
should be performed even in the case of cardiogenic shock because the possibility of multivascular
coronary artery disease and left main coronary artery lesions is high [ 37 , 47 , 48 ].

There were no RCTs about the treatment of cardiac arrest due to pulmonary embolism.
Observational studies evaluating the effectiveness of fibrinolysis treatment in patients with
suspected pulmonary embolism have found significant risk of bias with diverse outcomes [ 49 - 53 ].
In two case reports, including 21 patients who underwent CPR or surgical thrombectomy due to
cardiac arrest with pulmonary embolism, 30-day survivals were 12.5% and 71.4%, respectively [ 54
, 55 ]. In a case report of patients with cardiac arrest due to pulmonary embolism, 6 out of 7 patients
treated with percutaneous thrombectomy showed ROSC.56 In one RCT and several observational
studies, the risk of major bleeding was relatively low in patients who underwent thrombolysis and
CPR [ 49 , 51 , 52 ].

There is no robust evidence that reperfusion through removal of blood clots in cardiac arrest due to
pulmonary embolism can improve the outcomes. However, the risk of death from cardiac arrest is
greater than the risk of bleeding from thrombolysis and mechanical or surgical thrombectomy.
Therefore, thrombolytic agents, mechanical or surgical thrombectomy can be considered as
treatments for cardiac arrest due to pulmonary embolism. Since there are no clear benefits for
either technique, the choice of treatment can be determined by the time elapsed from cardiac arrest
and the presence or absence of experts.

The effectiveness of thrombolytic therapy in cardiac arrest patients with suspected but unclear
pulmonary embolism is currently uncertain. One recent study has reported that the risk of major
bleeding in cardiac arrest patients treated with thrombolytics is not high [ 51 ]. Therefore, if
pulmonary embolism is strongly suspected in the absence of ROSC, thrombolytics can be



considered.

Observational studies have reported that fever is associated with poor outcome in patients who
have not received TTM after ROSC [ 57 - 61 ]. Hyperpyrexia occurs in many patients after TTM.
However, the association of hyperpyrexia with outcome is not consistent among studies [ 62 - 66 ].
Although the effect of hyperpyrexia on the outcome of post-cardiac arrest patients is not proven, a
poor outcome was associated with hyperpyrexia in comatose patients in whom cerebral damage
was due to other causes such as cerebral hemorrhage or infarct. The method of preventing or
treating hyperthermia is relatively easy to apply [ 67 , 68 ]. Therefore, it is suggested to continuously
prevent or treat fever in adult comatose patients after ROSC regardless of whether the patient
received TTM.

One RCT and a pseudo-randomized trial demonstrated that TTM of 32°C to 34°C can improve
neurological outcome at hospital discharge and at 6 months compared to no temperature control in
adult OHCA with shockable rhythms. Therefore, OHCA with a shockable rhythm is a main
indication for TTM [ 69 , 70 ].

Three small RCTs have compared TTM at 32°C to 34°C to normothermia in adult OHCA with
non-shockable rhythms [ 71 - 73 ]. However, since the sample sizes of the studies were too small
and the clinical outcome was not the primary end point, it was difficult to derive meaningful
conclusion. A large RCT with moderate LOE (HYPERION trial) including 584 adult OHCA and
in-hospital cardiac arrest (IHCA) patients has compared 33°C TTM and 37°C normothermia [ 74 ].
The 33°C group showed a significantly better neurologic outcome at 90 days compared to the 37°C
group [ 74 ]. In the process of evidence review for the 2020 guidelines, results of the HYPERION
trial and results of two small-sized randomized controlled studies with very low LOE were included
for a meta-analysis. Results revealed that TTM did not reduce the mortality rate at 90 or 180 days
compared to normothermia. However, a meta-analysis of two studies that included neurological
outcome at 90 or 180 days revealed that 32°C or 33°C TTM reduced the incidence of poor
neurological outcomes at 90 or 180 days compared to normothermia.

On the other hand, there is no RCT for IHCA comparing TTM with no temperature control. In a
retrospective cohort study with very low LOE involving 1,836 IHCA patients, TTM at 32°C to 34°C
was not associated with survival or good neurological outcome compared to those without active
temperature control. In a largescale retrospective cohort study of 26,183 IHCA registry data using
propensity scores matched analysis, TTM at 32°C to 34°C was not associated with a good
neurological outcome at survival or discharge [ 75 , 76 ]. However, the TTM rate for the patients
included in these studies was very low and the risk of bias was high due to a large number of
missing data. Therefore, it is difficult to accept that the results of the studies are clinically
meaningful and a RCT is necessary.

There are not many RCTs comparing different target temperatures. In a RCT involving 939 OHCA
with cardiogenic cause of all rhythms except unwitnessed asystole, TTM at 33°C and 36°C was
compared. There was no significant difference between two temperature groups in 6-month
mortality, poor neurologic outcome, or side effects. Through these results, ultra-mild hypothermia
(36°C) emerged as another target temperature [ 77 ]. Meanwhile, in a preliminary RCT comparing
TTM of 32°C, 33°C, and 34°C reported in 2018, there was no significant difference in neurologic
outcome at 90 days among these groups [ 78 ].

In the 2020 guidelines, we recommend performing TTM to maintain a constant target temperature
between 32°C and 36°C to all adult cardiac arrest patients who do not respond to verbal commands
after ROSC regardless of the initial ECG rhythm (Class I, Level B-R).

Several studies have compared the prehospital induction of TTM with hospital induction of TTM. In
all seven RCTs with a moderate LOE, there was no significant difference between the groups in
mortality or poor neurologic outcome [ 79 - 85 ].



A meta-analysis of 7 studies also did not show differences in the mortality or poor neurologic
outcome at hospital discharge between the two groups [ 86 ]. In a study comparing a group of
OHCA who were rapidly infused with cold saline during cardiac arrest with a group of OHCA with
induced hypothermia after arriving at the hospital, the ROSC rate decreased significantly while
acute pulmonary edema increased significantly in patients receiving cold saline infusion during
cardiac arrest [ 87 ]. In addition, neurologic outcome at 90 days was not different in a study
comparing OHCA for whom TTM was rapidly induced by spraying a coolant into the nasal cavity
during cardiac arrest with OHCA receiving standard-of-care [ 88 ]. There is no evidence yet that
starting TTM in the prehospital setting is more beneficial than starting it in a hospital. Therefore,
further research is needed.

There is no definitive interventional study that has determined the optimal duration of TTM after
cardiac arrest. In a RCT comparing 24-hour with 48-hour TTM for OHCA, neurological outcome at 6
months was not significantly different between the two groups [ 89 ]. However, due to a small
sample size, the efficacy of 48-hour TTM could not be concluded. Therefore, based on the duration
used in two largest aforementioned RCTs, it is reasonable to maintain TTM for at least 24 hours
after achieving the target temperature.

Various cooling methods can be used to induce and maintain a target temperature, but there is no
single ideal method yet. External surface cooling methods (e.g., cooling blanket, ice packs, and a
wet towel) have been used widely in the past. It has the advantage of being easy to use and
convenient to apply. However, it has disadvantages in that the speed of lowering the patient’s core
temperature is slow. In addition, it is difficult to maintain at a constant level, which adds to the
medical staffs’ high workload. Recently, cooling equipment using intravascular catheters or external
cooling equipment equipped with a precise automatic feedback system have become available.
Thus, body temperature control has become easy, but expensive. Therefore, medical staff that plan
to perform TTM should consider various factors (e.g., the place to initiate the treatment, staff’s
ability and experience, speed of induction, stability during maintenance and rewarming, mobility of
the equipment, adverse events associated with specific equipment or techniques, convenience of
using the equipment, cost, etc.), and the most optimal cooling method should be chosen for
individual patients [ 90 ].

The cold crystalloid IV fluid infusion method is relatively easy to use, and it was widely used as a
method for inducing hypothermia in prehospital settings or during resuscitation for convenience.
However, rapidly infusing a large amount of cold IV fluid during resuscitation or immediately after
ROSC is no longer recommended to induce hypothermia because it can significantly increase the
incidence of acute pulmonary edema [ 79 , 83 , 85 , 86 , 88 ].

When performing TTM, the patient’s core temperature should be continuously monitored in the
esophagus, bladder, or pulmonary artery. The pulmonary artery temperature is the most accurate,
but it has a limitation because it requires an invasive procedure. The axillary or oral temperature is
not appropriate for measuring change in core temperature, and tympanic temperature probes are
difficult to use for a long time and often inaccurate. The rectal temperature is commonly used, but
caution is required because there can be temperature gaps when hypothermia is induced rapidly [
91 ].

Moreover, there is not enough evidence for an optimal rewarming rate. Therefore, at this point, it is
suggested to rewarm at a rate of 0.25°C to 0.5°C per hour, which has been used often in previous
studies and maintain normothermia (36.5°C to 37.5°C) up to 72 hours after ROSC in comatose
patients even after normothermia is achieved.

In a RCT on patients treated with target blood glucose levels of 72 to 108 mg/dL or 108 or 144
mg/dL, the 30-day mortality rate did not differ between the two groups [ 92 ]. In a before-and-after
study that used a bundle of care with a target blood glucose level of 90 to 144 mg/dL, the
neurological outcome improved after implementing the bundle, but the effect could not be attributed
only to the controlled blood glucose level [ 93 ]. It may not be appropriate to use blood glucose



control methods for critically ill patients based on results of studies on patients with cardiac arrest [
94 - 96 ]. Although the blood glucose control method in critically ill patients remains controversial,
strict control of blood glucose has been associated with an increased incidence of hypoglycemia [
92 ]. Therefore, the target range of 144 to 180 mg/dL is suggested to prevent hypoglycemia,
although evidence is still insufficient. Hyperglycemia above 180 mg/dL should be treated with an
insulin infusion according to the hospital-specific protocol and care should be taken to prevent
hypoglycemia (<80 mg/dL). If hypoglycemia occurs, it should be immediately corrected by
administering a glucose solution.

In comatose patients after ROSC, the prevalence of seizures, nonconvulsive status epilepticus, and
other similar seizures is estimated to be about 20% to 30% [ 97 ]. We recommend treatment of
clinically apparent seizures to prevent a secondary brain injury in comatose adults after ROSC [ 98 ,
99 ].

If seizures occur or are suspected, EEG should be performed. In addition, considering the high
incidence of non-convulsive seizures in comatose patients after ROSC, EEG should be actively
performed if possible. There is a debate about whether the EEG method should be continuous EEG
in terms of diagnostic utility and cost-effectiveness [ 100 , 101 ].

However, in comatose patients after ROSC, it is often difficult to clinically confirm whether the
patient has seizures due to the use of sedatives or muscle relaxants during TTM. Therefore, it is
newly recommended to monitor such patients using continuous EEG [ 102 , 103 ].

Rapid injections of anticonvulsants are commonly used to control seizures. Fosphenytoin, sodium
valproate and levetiracetam are all effective in controlling seizures. However, fosphenytoin is
associated with a high incidence of hypotension [ 104 , 105 ]. Sedatives such as propofol and
midazolam are also effective in suppressing seizure waves after a cardiac arrest [ 106 ]. Continued
myoclonic status after ROSC may not respond well to anticonvulsants [ 107 ]. We suggest that
routine seizure prophylaxis should not be used in comatose adults after ROSC due to the lack of
research to support their usage.

Sedation therapy to reduce shivering during mechanical ventilation or TTM is a routine treatment
after ROSC. However, there is no high-quality evidence to define the duration of sedation and
neuromuscular blockade in patients after ROSC. A meta-analysis of sedative drugs used during
TTM in 68 intensive care units in various countries has revealed that a wide variety of drugs have
been used [ 108 ]. Although drugs that might be related to prognosis are currently unknown, it
showed that a combination therapy of opioids and sedatives was mainly used. In addition,
short-acting drugs such as propofol, dexmedetomidine, and remifentanil provided reliable
evaluation of neurological conditions and prognosis. It is recommended to use sedatives with a
short duration of action if possible. However, no analysis or treatment policy has been established
for the effect of using sedatives after a cardiac arrest. A previous study has suggested that
continuous administration of neuromuscular blockers to patients undergoing postcardiac arrest is
associated with a low mortality rate [ 109 ]. However, administration of neuromuscular blockers can
interfere with neurological examination and make it impossible to detect the occurrence of seizures.

Two RCTs and several observational studies on the use of prophylactic antibiotics in post-cardiac
arrest care were reviewed [ 110 - 113 ]. In the two RCTs, there were no significant differences in
survival, neurological outcome, or infection incidence according to prophylactic antibiotic use [ 110 ,
111 ]. In one RCT, the incidence of pneumonia was low in patients receiving prophylactic
antibiotics. However, there was no significant difference in survival or neurological outcome
between patients receiving prophylactic antibiotics and those who did not receive such antibiotics.
Therefore, the benefit of the routine use of prophylactic antibiotics in patients with ROSC is
uncertain [ 111 ].



Accurate neurological prognostication is important to prevent inappropriate withdrawal of
life-sustaining treatment in patients who still have a chance to have potentially meaningful
neurological recovery and to avoid futile treatment in patients with a severe and irreversible
neurological injury. However, until now, no single test can completely predict prognosis of the
comatose patient after ROSC. Thus, it is necessary to integrate the results of multiple tests to
prognosticate. In addition, since the process of predicting neurological prognostication may be
affected by drugs (sedatives and neuromuscular blockers) and TTM, it should be conducted under
conditions that minimize the confounding effects. The 2020 guidelines recommend an approach to
perform the neurological prognostication process as follows ( Fig. 2 ). 1) We recommend that
neurological prognostication for comatose patients after ROSC should proceed after a sufficient
time has elapsed to minimize confounding effects and errors during the recovery period. 2) Even
though the individual test may be performed earlier, we suggest using the multimodal approach at a
minimum of 72 hours after normothermia (5 days after ROSC). 3) The neurological prognostication
in an adult comatose patient after ROSC should not be performed by only one test result. It should
use a multimodal approach using the results of various tests such as clinical examination,
electrophysiology, biomarkers, and imaging.

Poor neurological outcome could be suspected if at least two findings are observed among the
following six test results. If not, the prognosis should be determined by comprehensively judging
various findings after further observation and reevaluation.

1) Reduction of the GWR on brain CT or extensive restriction on brain diffusion-weighted magnetic
resonance imaging including ADC at 2 to 7 days; 2) bilaterally absent N20 waves in SSEP test at
>24 hours; 3) burst suppression occurring on EEG at >72 hours or no normal trace on
amplitude-integrated EEG monitoring ≤36 hours; 4) high level of serum NSE at 24 to 72 hours; 5)
observation of status myoclonus ≤72 hours; and 6) loss of both pupillary light and corneal reflexes
at ≥72 hours.

Bilateral absent pupillary light reflexes or corneal reflexes, and quantitative pupillometry in patients
who remain comatose at 72 hours or later after ROSC may predict a poor neurological outcome in
combination with other prognostic tests [ 102 , 114 - 135 ]. Automated pupillometry provides an
objective and quantifiable measurement of the pupillary response. The most common quantitative
pupillometry measures, percentage of reduction of pupil size and neurological pupil index, can be
used to predict neurological outcome at 72 hours after ROSC [ 123 , 126 , 136 - 138 ].

On the other hand, myoclonus and status myoclonus observed within 72 hours after ROSC may
predict a poor neurological outcome. However, it is recommended to evaluate them in combination
with other prognostic tests [ 102 , 119 , 127 , 129 , 131 , 139 - 143 ]. EEG recordings may also be
considered in case of status myoclonus to find related epileptic activity.

In 21 studies, when bilateral absence of N20 waves was observed in the SSEP conducted at 24
hours or more after ROSC, a poor neurological outcome was predicted with specificity of 50% to
100% and sensitivity of 18.2% to 70.5% [ 101 , 102 , 114 , 121 , 123 , 127 , 128 , 134 , 144 - 156 ].
Although decrease in the amplitude of N20 is associated with a poor neurological outcome in some
studies, further studies are needed [ 152 , 155 , 157 , 158 ]. Since there is a high likelihood that
results are affected by confounding factors within 24 hours after ROSC, it is recommended to use
bilateral absence of N20 waves more than 24 hours after ROSC in combination with other
prognostic tests.

In five studies, seizures recorded on EEG within 120 hours after cardiac arrest predicted poor
neurological outcome with specificity of 100% and sensitivity of 0.6% to 26.8% [ 139 , 159 - 162 ].
As seizures recorded on EEG show a low sensitivity for predicting poor neurological outcome,
some patients with seizures can recover with a good outcome. Thus, the usefulness of seizures
recorded on EEG as a prognostic predictor is currently unclear.



In seven studies, burst suppression appearing within 120 hours after ROSC predicted poor
neurological outcome with specificity of 90.7% to 100% and sensitivity of 1.1% to 47% [ 131 , 139 ,
144 , 147 , 161 , 163 , 164 ]. The definition of burst suppression was not consistent for each study
and the recording time also varied. In addition, effects of drugs cannot be excluded. Therefore,
each study does not show a high LOE. Burst suppression on EEG after sedation has been weaned
off at 72 hours or more after ROSC may predict a poor neurological outcome in combination with
other prognostic tests.

Epileptiform discharges can be divided into two types: rhythmic/periodic discharge and sporadic,
non-rhythmic/periodic discharge. In 11 studies, rhythmic/periodic discharges predicted a poor
neurological outcome with specificity of 66.7% to 100% and sensitivity of 2.4% to 42.9% if they
appeared within 120 hours after ROSC [ 102 , 120 , 127 , 151 , 153 , 159 - 161 , 163 , 165 , 166 ]. In
5 studies, sporadic, non-rhythmic/periodic discharges predicted poor neurological outcome with
specificity of 66.7% to 100% and sensitivity of 0.4% to 38.5% if they appeared within 120 hours
after ROSC [ 120 , 147 , 151 , 159 , 160 ]. The variable definition of epileptiform discharges
between studies, the effects of sedative drugs, and the variable background EEG make epileptiform
discharges unreliable predictors. Therefore, it is recommended not to use epileptiform discharges
as a predictor of poor neurological outcome in comatose patients after ROSC.

In 15 studies, when EEG unreactivity within 72 hours after ROSC was present, a poor neurological
outcome was predicted with specificity of 41.7% to 100% and sensitivity of 50% to 97.1% [ 102 ,
119 , 127 , 131 , 145 , 148 , 150 , 160 , 162 , 167 - 172 ]. In addition, stimulation and response were
not consistently defined for each study. The effect of drugs was not taken into account either. Thus,
it is not recommended to use EEG unreactivity in comatose patients after ROSC as a predictor of
poor neurological outcome.

In comatose patients treated with TTM, the absence of a normal trace within 36 hours after ROSC
in amplitude-integrated EEG monitoring may predict a poor neurological outcome in combination
with other prognostic tests [ 173 - 175 ].

In comatose patients treated with TTM, high serum levels of NSE measured at 24 to 72 hours after
ROSC may predict a poor neurological outcome in combination with other prognostic tests.
However, a cut-off value for predicting a poor neurological outcome with a 0% false-positive rate
cannot be clearly recommended [ 115 , 121 , 124 , 127 , 131 , 135 , 176 - 180 ]. It is suggested not
to use S-100B protein to predict neurological outcomes in comatose adults after ROSC. It is also
suggested not to use serum glial fibrillary acidic protein, serum tau protein, or serum neurofilament
protein to predict poor neurological outcomes in comatose adults after ROSC [ 181 - 187 ].

The degree of cerebral edema identified as a reduced GWR on brain CT in comatose patients after
ROSC, extensive areas of restricted diffusion in brain MRI, and a reduced ADC can be used to
predict poor neurological outcome.

In brain CT, the GWR of a specific area was evaluated (mostly within 24 hours after ROSC) and its
specificity for a poor neurological outcome was reported to be 85% to 100% [ 116 , 134 , 135 , 176 ,
188 - 194 ]. However, the specific threshold of the possible GWR and the most appropriate timing of
brain CT scan remain unknown.

If diffusion restriction was observed on MRI performed within 5 days after ROSC, the specificity for
poor neurological outcome was reported to be 55.7% to 100% [ 117 , 132 , 134 ]. There have been
studies trying to predict poor neurological outcome with ADC values of MRI performed within 7 days
after ROSC [ 195 - 197 ]. Quantitative ADC measurements are promising. However, the specific
threshold of ADC for predicting poor neurological outcome is unknown due to the availability and
diversity of measurement methods.



In comatose patients after ROSC, if used in combination with other predictors, remarkably reduced
GWR on brain CT taken within 24 hours after ROSC or extensive areas of restricted diffusion with
ADC reduction in brain MRI taken at 2 to 7 days after ROSC is recommended as a predictor.

The Well-Dying Act was enforced in February 2018 in Korea. The Act has legally allowed to
withdraw life-sustaining care, resulting in a major change in post-cardiac arrest care. Two
observational studies with very low LOE showed that early withdrawal of life-sustaining treatment
within 72 hours after ROSC was associated with increased mortality or poor neurological function at
hospital discharge [ 198 , 199 ]. Therefore, we suggest that withdrawal of life-sustaining treatment
based on predicted poor neurologic outcome be postponed until at least 72 hours after ROSC in
adult comatose patients treated with TTM.

Transplantation-related studies cannot be conducted prospectively. Therefore, it can be said that
results of large retrospective studies have similar impact to those of prospective studies. In addition,
complications after transplantation are different in each organ. The quality of donated organs does
not depend on whether or not CPR has been performed, but functional warm ischemic time and no
perfusion time might play more important roles. After reviewing several retrospective studies,
transplantation outcomes of organs donated from donors who died due to failure to achieve ROSC
in recent studies were found to be acceptable. It has been reported that transplantation outcomes of
donors who died due to brain death after ROSC are not bad compared to those of donors who have
not undergone CPR [ 200 - 209 ]. Based on the results of published studies so far, it has been
summarized that CPR does not affect outcomes of the transplanted organ [ 210 ]. Therefore, organ
donation should be considered in comatose patients who ]fulfill neurological criteria for brain death
after ROSC or cardiac arrest patients who have failed to ROSC from cardiac arrest.

Among patients who have ROSC after CPR, one can be presumed to be brain death if following
conditions are met 1) no spontaneous breathing and breathing is maintained with a ventilator; 2)
cause of arrest is certain and an irreversible brain injury is proven; 3) absence of more than 5 of 7
brainstem reflexes; and 4) no specific causes of arrest such as carbon monoxide poisoning,
metabolic disorders, or suicide attempts which require medical observation. We recommend that
medical staff who treat a patient who has suspected brain death should report the suspected brain
death for organ donation [ 211 ].

When notifying a suspected brain death after CPR, medical staff should confirm the state of the
suspected brain death and the explanation of the suspected brain death notification system to the
guardian to confirm the consent for organ donation. Prior to evaluation for organ donation, the
degree of awareness of the guardian about the presumed brain death condition and donor family
information should be confirmed. Confirmation of donor family information includes confirmation of
consent for organ donation, relationship and contact information with the donor, and confirmation of
priority guardians [ 211 ].

Cardiac arrest survivors experience a variety of physical, cognitive, and psychological problems,
like other critically ill patients [ 212 ]. Psychological disorders such as anxiety, depression, and
post-traumatic stress in particular are experienced by about a third of patients revived from a
cardiac arrest. Fatigue is also often accompanied by other disorders [ 212 - 215 ]. Families of
cardiac arrest patients also experience severe stress and psychological problems [ 216 - 220 ].
These psychological problems have a significant effect on the longterm prognosis and quality of life
of cardiac arrest patients [ 216 - 220 ]. However, there are many cases where adequate treatment
cannot be provided because it is not always recognized by the medical staff [ 221 - 223 ].
Therefore, we recommend structured assessment for anxiety, depression, post-traumatic stress,
and fatigue for cardiac arrest survivors so that psychological problems that are common to
survivors after a cardiac arrest can be identified without missing them and appropriate treatment
can be provided to them to improve their long-term prognosis.

Cognitive impairments such as memory, attention, and executive function are commonly observed
in cardiac arrest survivors. It is associated with a lower quality of life [ 224 - 229 ]. After intensive



care, muscle weakness, gait impairment, dysphagia, and cardiopulmonary impairment are also
common [ 230 ]. Therefore, we recommend that cardiac arrest survivors have multimodal
rehabilitation assessment and treatment for physical, neurological, cardiopulmonary, and cognitive
impairments before hospital discharge. Currently, studies on the effects of rehabilitative evaluation
and treatment after cardiac arrest are insufficient. However, considering the effects of early
rehabilitation for critically ill patients and rehabilitation effects on physical and cognitive impairment
in stroke and traumatic brain injury, the effects of rehabilitation interventions after cardiac arrest are
also expected and thus further studies are needed [ 230 - 236 ].

Various medical problems and disabilities that occur after cardiac arrest can cause difficulties in
returning to society and work [ 226 , 237 - 239 ]. In addition, there is a need for patients and
caregivers to provide appropriate information about the patient’s condition [ 217 , 240 - 242 ].
Therefore, comprehensive and multidisciplinary discharge planning, including medical and
rehabilitation medical treatment plans, should be established for cardiac arrest survivors.

Three RCTs have demonstrated the effects of long-term care on improvement of long-term
outcomes in cardiac arrest survivors. In one study, early, individualized, semi-structured
interventions were performed for symptoms of neurological injury to the survivors in the
experimental group and a significant improvement in emotional, mental health, and general health
items of SF-36 was observed in the experimental group compared to the control group [ 243 ]. In
the experimental group, overall emotional state and anxiety assessed by the HADS (Hospital
Anxiety and Depression Scale) were significantly improved. There was no significant difference in
the degree of social participation between the two groups at 1 year. However, the return-to-work
rate at 3 months was significantly higher in the experimental group.

In a cost-effectiveness analysis using the same study data, the overall cost did not differ
significantly between the group with interventions focusing on early neurological symptoms and the
control group. For the incremental cost effectiveness ratio, the intervention was found to be
cost-effective [ 244 ]. In a RCT of 133 OHCA survivors, relaxation, self-management, and coping
strategies were assisted in the experimental group. The psychosocial treatments consisting of
cognitive behavioral therapy to reduce depression and anxiety and education on cardiovascular risk
factors were provided twice a week for a total of 11 treatments for the experimental group and
compared with the conventional treatment group. At 2 years, the risk of cardiovascular death rate
was significantly reduced in the experimental group [ 245 ].

In one study, structured information was provided to a randomly assigned experimental group of
168 patients with implantable defibrillators after cardiac arrest or fatal arrhythmia. Phone counseling
was conducted once a week (15 to 20 minutes per session) for a total of 8 weeks [ 246 ]. Telephone
counseling was conducted for the purpose of assisting in the recovery process after implantation of
an implantable defibrillator, enhancing self-efficacy, and relieving emotional stress and anxiety. At 6
and 12 months, physical and psychological adaptation, self-efficacy, and medical use were
evaluated. As a result, physical concern, anxiety, and fear of death were significantly reduced in the
experimental group. Self-efficacy and knowledge of implantable defibrillator management was also
significantly improved in the experimental group. In a recent interventional observational study
without a control group, a multidisciplinary, structured psychological, cognitive, and medically
supported care program that could be provided from hospital discharge to 12 months after
discharge was developed and applied for cardiac arrest survivors [ 247 ]. The program structure
consists of a wide range of cognitive and psychological evaluations during hospitalization, provision
of various types of information, telephone consultation on the 2nd day after discharge,
multidisciplinary evaluation and consultation for about 1 hour through an outpatient visit at 8, 6, and
12 months after discharge, and so on. The above care treatment program was applied to 19 cardiac
arrest survivors. Results confirmed that the quality of life evaluated by SF-36 was improved in
almost all areas at 6 months compared to the time of discharge. Therefore, it is recommended to
consider the provision of individualized long-term care taking the problems such as cognitive
impairment, anxiety, and depression of cardiac arrest survivors into account.



It is well known that transfer of patients to hospitals where comprehensive post-cardiac arrest care
can be performed efficiently after cardiac arrest was associated with survival and good neurological
outcomes [ 248 - 264 ]. A meta-analysis of 17 observational studies revealed that patients treated at
the cardiac arrest center showed higher survival and neurologically favorable survival discharge
rates compared to those treated at the other hospitals. However, there was no significant difference
in 30-day mortality or neurological outcomes between the two groups [ 265 ]. The reason was that
there was no clear definition of cardiac arrest centers and there was no large RCT. In many studies,
the availability of 24-hour coronary angiography, TTM, and neurointensive care are included in the
definition of a cardiac arrest center. In fact, since ischemic heart disease is the main cause of
sudden cardiac arrest, we also suggest that 24-hour coronary angiography and TTM are included in
the definition of the centers when defining cardiac arrest centers in Korea [ 266 ].

We suggest that adult patients with non-traumatic OHCA should be considered for transport to a
hospital that can provide 24-hour coronary angiography and TTM. It is reasonable to transfer to a
cardiac arrest center where coronary angiography is possible. If an OHCA patient visits a hospital
where coronary angiography is not possible, it may be effective to immediately transfer the patient
to a hospital at a level where coronary angiography is possible. However, considering the domestic
reality that only 20% of patients with acute myocardial infarction use emergency medical systems
and about half of patients with ST segment elevation acute myocardial infarction visit hospitals
where coronary angiography is not possible at the first visit, clear guidelines for transfer of cardiac
arrest patients is needed along with a public announcement [ 267 ]. In addition, since the concept of
a cardiac arrest center has not been established in Korea, it is necessary to discuss the concept of
the function, level and designation of cardiac arrest centers in our emergency medical system.

No potential conflict of interest relevant to this article was reported.

This study was supported by a grant (2020E330300) of the Korean Disease Control and Prevention
Agency funded by the Ministry of Health and Welfare, Republic of Korea.

We thank Ms. So Yeong Kim (EMT) for her assistance with administrative affairs and Mr. Myung Ha
Kim for his assistance with literature searches for updating Korean Guidelines for Cardiopulmonary
Resuscitation. We also thank the Korean Association of Cardiopulmonary Resuscitation (KACPR)
for supporting the process of proofreading. We also thank Ms. Min Ju Kim (RN) for her review and
comments on guidelines of nursing aspect as a member and a contributor of the guideline project.

Berg KM Soar J Andersen LW Adult advanced life support: 2020 International Consensus on
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science with Treatment
Recommendations Circulation 2020 142 16_suppl_1 S92 139 33084390
10.1161/CIR.0000000000000893 2 Soar J Berg KM Andersen LW Adult advanced life support:
2020 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular
Care Science with Treatment Recommendations Resuscitation 2020 156 A80 119 33099419
10.1016/j.resuscitation.2020.09.012 PMC7576326 3 Morrison LJ Gent LM Lang E Part 2: evidence
evaluation and management of conflicts of interest: 2015 American Heart Association guidelines
update for cardiopulmonary resuscitation and emergency cardiovascular care Circulation 2015 132
18 Suppl 2 S368 82 26472990 10.1161/CIR.0000000000000253 4 Schunemann H Brozek J Guyatt
G Oxman A GRADE handbook [Internet] London The Cochrane Collaboration 2013 [cited 2020 Jul
4]. Available from: https://gdt.gradepro.org/app/handbook/handbook.html 5 Wang HE Prince DK
Drennan IR Post-resuscitation arterial oxygen and carbon dioxide and outcomes after outof-hospital
cardiac arrest Resuscitation 2017 120 113 8 28870720 10.1016/j.resuscitation.2017.08.244
PMC5660655 6 Kuisma M Boyd J Voipio V Alaspaa A Roine RO Rosenberg P Comparison of 30
and the 100% inspired oxygen concentrations during early post-resuscitation period: a randomised
controlled pilot study Resuscitation 2006 69 199 206 16500018 10.1016/j.resuscitation.2005.08.010
7 Bray JE Hein C Smith K Oxygen titration after resuscitation from out-of-hospital cardiac arrest: a
multi-centre, randomised controlled pilot study (the EXACT pilot trial) Resuscitation 2018 128 211 5
29684433 10.1016/j.resuscitation.2018.04.019 8 Thomas M Voss S Benger J Kirby K Nolan JP
Cluster randomised comparison of the effectiveness of 100% oxygen versus titrated oxygen in



patients with a sustained return of spontaneous circulation following out of hospital cardiac arrest: a
feasibility study. PROXY: post ROSC OXYgenation study BMC Emerg Med 2019 19 16 30683057
10.1186/s12873-018-0214-1 PMC6347786 9 Young P Bailey M Bellomo R HyperOxic Therapy OR
NormOxic Therapy after out-of-hospital cardiac arrest (HOT OR NOT): a randomised controlled
feasibility trial Resuscitation 2014 85 1686 91 25261605 10.1016/j.resuscitation.2014.09.011 10
ICU-ROX Investigators and the Australian and New Zealand Intensive Care Society Clinical Trials
Group Mackle D Bellomo R Conservative oxygen therapy during mechanical ventilation in the ICU
N Engl J Med 2020 382 989 98 31613432 10.1056/NEJMoa1903297 11 Jakkula P Reinikainen M
Hästbacka J Targeting two different levels of both arterial carbon dioxide and arterial oxygen after
cardiac arrest and resuscitation: a randomised pilot trial Intensive Care Med 2018 44 2112 21
30430209 10.1007/s00134-018-5453-9 PMC6280824 12 Vaahersalo J Bendel S Reinikainen M
Arterial blood gas tensions after resuscitation from out-of-hospital cardiac arrest: associations with
long-term neurologic outcome Crit Care Med 2014 42 1463 70 24557423
10.1097/CCM.0000000000000228 13 Eastwood GM Tanaka A Espinoza ED Conservative oxygen
therapy in mechanically ventilated patients following cardiac arrest: a retrospective nested cohort
study Resuscitation 2016 101 108 14 26718090 10.1016/j.resuscitation.2015.11.026 14 Ebner F
Ullen S Aneman A Associations between partial pressure of oxygen and neurological outcome in
out-ofhospital cardiac arrest patients: an explorative analysis of a randomized trial Crit Care 2019
23 30 30691510 10.1186/s13054-019-2322-z PMC6348606 15 von Auenmueller KI Christ M Sasko
BM Trappe HJ The value of arterial blood gas parameters for prediction of mortality in survivors of
out-of-hospital cardiac arrest J Emerg Trauma Shock 2017 10 134 9 28855776
10.4103/JETS.JETS_146_16 PMC5566022 16 Humaloja J Litonius E Efendijev I Early
hyperoxemia is not associated with cardiac arrest outcome Resuscitation 2019 140 185 93
31039393 10.1016/j.resuscitation.2019.04.035 17 Johnson NJ Dodampahala K Rosselot B The
association between arterial oxygen tension and neurological outcome after cardiac arrest Ther
Hypothermia Temp Manag 2017 7 36 41 27383062 10.1089/ther.2016.0015 18 Roberts BW
Kilgannon JH Hunter BR Association between early hyperoxia exposure after resuscitation from
cardiac arrest and neurological disability: prospective multicenter protocol-directed cohort study
Circulation 2018 137 2114 24 29437118 10.1161/CIRCULATIONAHA.117.032054 PMC6370332
19 Elmer J Scutella M Pullalarevu R The association between hyperoxia and patient outcomes after
cardiac arrest: analysis of a high-resolution database Intensive Care Med 2015 41 49 57 25472570
10.1007/s00134-014-3555-6 PMC4337386 20 Janz DR Hollenbeck RD Pollock JS McPherson JA
Rice TW Hyperoxia is associated with increased mortality in patients treated with mild therapeutic
hypothermia after sudden cardiac arrest Crit Care Med 2012 40 3135 9 22971589
10.1097/CCM.0b013e3182656976 PMC3502652 21 Eastwood GM Schneider AG Suzuki S
Targeted therapeutic mild hypercapnia after cardiac arrest: a phase II multicentre randomised
controlled trial (the CCC trial) Resuscitation 2016 104 83 90 27060535
10.1016/j.resuscitation.2016.03.023 22 Ebner F Harmon MB Aneman A Carbon dioxide dynamics
in relation to neurological outcome in resuscitated out-of-hospital cardiac arrest patients: an
exploratory Target Temperature Management Trial substudy Crit Care 2018 22 196 30119692
10.1186/s13054-018-2119-5 PMC6098627 23 Roberts BW Kilgannon JH Chansky ME Mittal N
Wooden J Trzeciak S Association between postresuscitation partial pressure of arterial carbon
dioxide and neurological outcome in patients with post-cardiac arrest syndrome Circulation 2013
127 2107 13 23613256 10.1161/CIRCULATIONAHA.112.000168 24 Hope Kilgannon J Hunter BR
Puskarich MA Partial pressure of arterial carbon dioxide after resuscitation from cardiac arrest and
neurological outcome: a prospective multicenter protocol-directed cohort study Resuscitation 2019
135 212 20 30452939 10.1016/j.resuscitation.2018.11.015 PMC6426295 25 Roberts BW Kilgannon
JH Hunter BR Association between elevated mean arterial blood pressure and neurologic outcome
after resuscitation from cardiac arrest: results from a multicenter prospective cohort study Crit Care
Med 2019 47 93 100 30303836 10.1097/CCM.0000000000003474 PMC6298823 26 Ameloot K De
Deyne C Eertmans W Early goal-directed haemodynamic optimization of cerebral oxygenation in
comatose survivors after cardiac arrest: the Neuroprotect post-cardiac arrest trial Eur Heart J 2019
40 1804 14 30895296 10.1093/eurheartj/ehz120 27 Jakkula P Pettila V Skrifvars MB Targeting
low-normal or high-normal mean arterial pressure after cardiac arrest and resuscitation: a
randomised pilot trial Intensive Care Med 2018 44 2091 101 30443729
10.1007/s00134-018-5446-8 PMC6280836 28 Annoni F Dell’Anna AM Franchi F The impact of
diastolic blood pressure values on the neurological outcome of cardiac arrest patients Resuscitation



2018 130 167 73 30031784 10.1016/j.resuscitation.2018.07.017 29 Janiczek JA Winger DG
Coppler P Hemodynamic resuscitation characteristics associated with improved survival and shock
resolution after cardiac arrest Shock 2016 45 613 9 26717104 10.1097/SHK.0000000000000554
PMC4868655 30 Trzeciak S Jones AE Kilgannon JH Significance of arterial hypotension after
resuscitation from cardiac arrest Crit Care Med 2009 37 2895 903 19866506
10.1097/ccm.0b013e3181b01d8c 31 Chiu YK Lui CT Tsui KL Impact of hypotension after return of
spontaneous circulation on survival in patients of out-ofhospital cardiac arrest Am J Emerg Med
2018 36 79 83 28734702 10.1016/j.ajem.2017.07.019 32 Bray JE Bernard S Cantwell K The
association between systolic blood pressure on arrival at hospital and outcome in adults surviving
from out-of-hospital cardiac arrests of presumed cardiac aetiology Resuscitation 2014 85 509 15
24333351 10.1016/j.resuscitation.2013.12.005 33 Russo JJ Di Santo P Simard T Optimal mean
arterial pressure in comatose survivors of out-of-hospital cardiac arrest: an analysis of area below
blood pressure thresholds Resuscitation 2018 128 175 80 29694851
10.1016/j.resuscitation.2018.04.028 34 Laurikkala J Wilkman E Pettila V Mean arterial pressure
and vasopressor load after out-of-hospital cardiac arrest: associations with one-year neurologic
outcome Resuscitation 2016 105 116 22 27283060 10.1016/j.resuscitation.2016.05.026 35
Spaulding CM Joly LM Rosenberg A Immediate coronary angiography in survivors of out-of-hospital
cardiac arrest N Engl J Med 1997 336 1629 33 9171064 10.1056/NEJM199706053362302 36 Kern
KB Lotun K Patel N Outcomes of comatose cardiac arrest survivors with and without ST-segment
elevation myocardial infarction: importance of coronary angiography JACC Cardiovasc Interv 2015
8 1031 40 26117462 10.1016/j.jcin.2015.02.021 37 Yannopoulos D Bartos JA Raveendran G
Coronary artery disease in patients with out-of-hospital refractory ventricular fibrillation cardiac
arrest J Am Coll Cardiol 2017 70 1109 17 28838358 10.1016/j.jacc.2017.06.059 38 Ibanez B
James S Agewall S 2017 ESC guidelines for the management of acute myocardial infarction in
patients presenting with ST-segment elevation: the task force for the management of acute
myocardial infarction in patients presenting with ST-segment elevation of the European Society of
Cardiology (ESC) Eur Heart J 2018 39 119 77 28886621 10.1093/eurheartj/ehx393 39 Lemkes JS
Janssens GN van der Hoeven NW Coronary angiography after cardiac arrest without ST-segment
elevation N Engl J Med 2019 380 1397 407 30883057 10.1056/NEJMoa1816897 40 Verma BR
Sharma V Shekhar S Coronary angiography in patients with out-of-hospital cardiac arrest without
ST-segment elevation: a systematic review and meta-analysis JACC Cardiovasc Interv 2020 13
2193 205 33032706 10.1016/j.jcin.2020.07.018 41 Elfwen L Lagedal R Nordberg P Direct or
subacute coronary angiography in out-of-hospital cardiac arrest (DISCO): an initial pilot-study of a
randomized clinical trial Resuscitation 2019 139 253 61 31028826
10.1016/j.resuscitation.2019.04.027 42 Kim YJ Kim YH Lee BK Immediate versus early coronary
angiography with targeted temperature management in out-of-hospital cardiac arrest survivors
without ST-segment elevation: a propensity score-matched analysis from a multicenter registry
Resuscitation 2019 135 30 6 30576785 10.1016/j.resuscitation.2018.12.011 43 Kleissner M Srmko
M Kohoutek J Kautzner J Kettner J Impact of urgent coronary angiography on mid-term clinical
outcome of comatose out-of-hospital cardiac arrest survivors presenting without ST-segment
elevation Resuscitation 2015 94 61 6 26159608 10.1016/j.resuscitation.2015.06.022 44
Vadeboncoeur TF Chikani V Hu C Spaite DW Bobrow BJ Association between coronary
angiography with or without percutaneous coronary intervention and outcomes after outof-hospital
cardiac arrest Resuscitation 2018 127 21 5 29549024 10.1016/j.resuscitation.2018.03.023 45 Shin
J Ko E Cha WC Impact of early coronary angiography on the survival to discharge after
out-of-hospital cardiac arrest Clin Exp Emerg Med 2017 4 65 72 28717775 10.15441/ceem.16.167
PMC5511956 46 Ahn JM Lee KH Yoo SY Prognosis of variant angina manifesting as aborted
sudden cardiac death J Am Coll Cardiol 2016 68 137 45 27386766 10.1016/j.jacc.2016.04.050 47
Webb JG Lowe AM Sanborn TA Percutaneous coronary intervention for cardiogenic shock in the
SHOCK trial J Am Coll Cardiol 2003 42 1380 6 14563578 10.1016/s0735-1097(03)01050-7 48
Thiele H Akin I Sandri M PCI strategies in patients with acute myocardial infarction and cardiogenic
shock N Engl J Med 2017 377 2419 32 29083953 10.1056/NEJMoa1710261 49 Bottiger BW Arntz
HR Chamberlain DA Thrombolysis during resuscitation for out-of-hospital cardiac arrest N Engl J
Med 2008 359 2651 62 19092151 10.1056/NEJMoa070570 50 Comess KA DeRook FA Russell ML
Tognazzi-Evans TA Beach KW The incidence of pulmonary embolism in unexplained sudden
cardiac arrest with pulseless electrical activity Am J Med 2000 109 351 6 11020390
10.1016/s0002-9343(00)00511-8 51 Janata K Holzer M Kurkciyan I Major bleeding complications in



cardiopulmonary resuscitation: the place of thrombolytic therapy in cardiac arrest due to massive
pulmonary embolism Resuscitation 2003 57 49 55 12668299 10.1016/s0300-9572(02)00430-6 52
Javaudin F Lascarrou JB Le Bastard Q Thrombolysis during resuscitation for out-of-hospital cardiac
arrest caused by pulmonary embolism increases 30-day survival: findings from the French National
Cardiac Arrest Registry Chest 2019 156 1167 75 31381884 10.1016/j.chest.2019.07.015 53 Yousuf
T Brinton T Ahmed K Tissue plasminogen activator use in cardiac arrest secondary to fulminant
pulmonary embolism J Clin Med Res 2016 8 190 5 26858790 10.14740/jocmr2452w PMC4737028
54 Doerge HC Schoendube FA Loeser H Walter M Messmer BJ Pulmonary embolectomy: review
of a 15-year experience and role in the age of thrombolytic therapy Eur J Cardiothorac Surg 1996
10 952 7 8971506 10.1016/s1010-7940(96)80396-4 55 Konstantinov IE Saxena P Koniuszko MD
Alvarez J Newman MA Acute massive pulmonary embolism with cardiopulmonary resuscitation:
management and results Tex Heart Inst J 2007 34 41 5 17420792 PMC1847913 56 Fava M Loyola
S Bertoni H Dougnac A Massive pulmonary embolism: percutaneous mechanical thrombectomy
during cardiopulmonary resuscitation J Vasc Interv Radiol 2005 16 119 23 15640419
10.1097/01.RVI.0000146173.85401.BA 57 Zeiner A Holzer M Sterz F Hyperthermia after cardiac
arrest is associated with an unfavorable neurologic outcome Arch Intern Med 2001 161 2007 12
11525703 10.1001/archinte.161.16.2007 58 Langhelle A Tyvold SS Lexow K Hapnes SA Sunde K
Steen PA In-hospital factors associated with improved outcome after out-of-hospital cardiac arrest:
a comparison between four regions in Norway Resuscitation 2003 56 247 63 12628556
10.1016/s0300-9572(02)00409-4 59 Nolan JP Laver SR Welch CA Harrison DA Gupta V Rowan K
Outcome following admission to UK intensive care units after cardiac arrest: a secondary analysis
of the ICNARC Case Mix Programme Database Anaesthesia 2007 62 1207 16 17991255
10.1111/j.1365-2044.2007.05232.x 60 Suffoletto B Peberdy MA van der Hoek T Callaway C Body
temperature changes are associated with outcomes following in-hospital cardiac arrest and return
of spontaneous circulation Resuscitation 2009 80 1365 70 19804929
10.1016/j.resuscitation.2009.08.020 61 Gebhardt K Guyette FX Doshi AA Callaway CW
Rittenberger JC Post Cardiac Arrest Service Prevalence and effect of fever on outcome following
resuscitation from cardiac arrest Resuscitation 2013 84 1062 7 23619740
10.1016/j.resuscitation.2013.03.038 62 Benz-Woerner J Delodder F Benz R Body temperature
regulation and outcome after cardiac arrest and therapeutic hypothermia Resuscitation 2012 83
338 42 22079947 10.1016/j.resuscitation.2011.10.026 63 Bouwes A Robillard LB Binnekade JM
The influence of rewarming after therapeutic hypothermia on outcome after cardiac arrest
Resuscitation 2012 83 996 1000 22521448 10.1016/j.resuscitation.2012.04.006 64 Leary M
Grossestreuer AV Iannacone S Pyrexia and neurologic outcomes after therapeutic hypothermia for
cardiac arrest Resuscitation 2013 84 1056 61 23153649 10.1016/j.resuscitation.2012.11.003 65
Cocchi MN Boone MD Giberson B Fever after rewarming: incidence of pyrexia in postcardiac arrest
patients who have undergone mild therapeutic hypothermia J Intensive Care Med 2014 29 365 9
23783999 10.1177/0885066613491932 PMC3976453 66 Bro-Jeppesen J Hassager C Wanscher M
Post-hypothermia fever is associated with increased mortality after out-of-hospital cardiac arrest
Resuscitation 2013 84 1734 40 23917079 10.1016/j.resuscitation.2013.07.023 67 Badjatia N
Hyperthermia and fever control in brain injury Crit Care Med 2009 37 7 Suppl S250 7 19535955
10.1097/CCM.0b013e3181aa5e8d 68 Bohman LE Levine JM Fever and therapeutic normothermia
in severe brain injury: an update Curr Opin Crit Care 2014 20 182 8 24553340
10.1097/MCC.0000000000000070 69 Hypothermia after Cardiac Arrest Study Group Mild
therapeutic hypothermia to improve the neurologic outcome after cardiac arrest N Engl J Med 2002
346 549 56 11856793 10.1056/NEJMoa012689 70 Bernard SA Gray TW Buist MD Treatment of
comatose survivors of out-of-hospital cardiac arrest with induced hypothermia N Engl J Med 2002
346 557 63 11856794 10.1056/NEJMoa003289 71 Hachimi-Idrissi S Zizi M Nguyen DN The
evolution of serum astroglial S-100 beta protein in patients with cardiac arrest treated with mild
hypothermia Resuscitation 2005 64 187 92 15680528 10.1016/j.resuscitation.2004.08.008 72
Laurent I Adrie C Vinsonneau C High-volume hemofiltration after out-of-hospital cardiac arrest: a
randomized study J Am Coll Cardiol 2005 46 432 7 16053954 10.1016/j.jacc.2005.04.039 73 Kim
YM Yim HW Jeong SH Klem ML Callaway CW Does therapeutic hypothermia benefit adult cardiac
arrest patients presenting with non-shockable initial rhythms?: a systematic review and
meta-analysis of randomized and non-randomized studies Resuscitation 2012 83 188 96 21835145
10.1016/j.resuscitation.2011.07.031 74 Lascarrou JB Merdji H Le Gouge A Targeted temperature
management for cardiac arrest with nonshockable rhythm N Engl J Med 2019 381 2327 37



31577396 10.1056/NEJMoa1906661 75 Nichol G Huszti E Kim F Does induction of hypothermia
improve outcomes after in-hospital cardiac arrest? Resuscitation 2013 84 620 5 23246514
10.1016/j.resuscitation.2012.12.009 76 Chan PS Berg RA Tang Y Curtis LH Spertus JA American
Heart Association’s Get With the Guidelines–Resuscitation Investigators Association between
therapeutic hypothermia and survival after in-hospital cardiac arrest JAMA 2016 316 1375 82
27701659 10.1001/jama.2016.14380 PMC5486217 77 Nielsen N Wetterslev J Cronberg T
Targeted temperature management at 33°C versus 36°C after cardiac arrest N Engl J Med 2013
369 2197 206 24237006 10.1056/NEJMoa1310519 78 Lopez-de-Sa E Juarez M Armada E A
multicentre randomized pilot trial on the effectiveness of different levels of cooling in comatose
survivors of out-of-hospital cardiac arrest: the FROST-I trial Intensive Care Med 2018 44 1807 15
30343315 10.1007/s00134-018-5256-z 79 Kim F Olsufka M Longstreth WT Jr Pilot randomized
clinical trial of prehospital induction of mild hypothermia in out-of-hospital cardiac arrest patients
with a rapid infusion of 4 degrees C normal saline Circulation 2007 115 3064 70 17548731
10.1161/CIRCULATIONAHA.106.655480 80 Kamarainen A Virkkunen I Tenhunen J Yli-Hankala A
Silfvast T Prehospital therapeutic hypothermia for comatose survivors of cardiac arrest: a
randomized controlled trial Acta Anaesthesiol Scand 2009 53 900 7 19496762
10.1111/j.1399-6576.2009.02015.x 81 Bernard SA Smith K Cameron P Induction of therapeutic
hypothermia by paramedics after resuscitation from out-of-hospital ventricular fibrillation cardiac
arrest: a randomized controlled trial Circulation 2010 122 737 42 20679551
10.1161/CIRCULATIONAHA.109.906859 82 Bernard SA Smith K Cameron P Induction of
prehospital therapeutic hypothermia after resuscitation from nonventricular fibrillation cardiac arrest
Crit Care Med 2012 40 747 53 22020244 10.1097/CCM.0b013e3182377038 83 Kim F Nichol G
Maynard C Effect of prehospital induction of mild hypothermia on survival and neurological status
among adults with cardiac arrest: a randomized clinical trial JAMA 2014 311 45 52 24240712
10.1001/jama.2013.282173 PMC13045629 84 Castren M Nordberg P Svensson L Intra-arrest
transnasal evaporative cooling: a randomized, prehospital, multicenter study (PRINCE: Pre-ROSC
IntraNasal Cooling Effectiveness) Circulation 2010 122 729 36 20679548
10.1161/CIRCULATIONAHA.109.931691 85 Debaty G Maignan M Savary D Impact of intra-arrest
therapeutic hypothermia in outcomes of prehospital cardiac arrest: a randomized controlled trial
Intensive Care Med 2014 40 1832 42 25348858 10.1007/s00134-014-3519-x 86 Donnino MW
Andersen LW Berg KM Temperature management after cardiac arrest: an advisory statement by
the Advanced Life Support Task Force of the International Liaison Committee on Resuscitation and
the American Heart Association Emergency Cardiovascular Care Committee and the Council on
Cardiopulmonary, Critical Care, Perioperative and Resuscitation Circulation 2015 132 2448 56
26434495 10.1161/CIR.0000000000000313 87 Bernard SA Smith K Finn J Induction of therapeutic
hypothermia during out-of-hospital cardiac arrest using a rapid infusion of cold saline: the RINSE
trial (Rapid Infusion of Cold Normal Saline) Circulation 2016 134 797 805 27562972
10.1161/CIRCULATIONAHA.116.021989 88 Nordberg P Taccone FS Truhlar A Effect of
trans-nasal evaporative intra-arrest cooling on functional neurologic outcome in out-of-hospital
cardiac arrest: the PRINCESS randomized clinical trial JAMA 2019 321 1677 85 31063573
10.1001/jama.2019.4149 PMC6506882 89 Kirkegaard H Soreide E de Haas I Targeted
temperature management for 48 vs 24 hours and neurologic outcome after out-of-hospital cardiac
arrest: a randomized clinical trial JAMA 2017 318 341 50 28742911 10.1001/jama.2017.8978
PMC5541324 90 Geocadin RG Koenig MA Jia X Stevens RD Peberdy MA Management of brain
injury after resuscitation from cardiac arrest Neurol Clin 2008 26 487 506 18514823
10.1016/j.ncl.2008.03.015 PMC3074242 91 Shin J Kim J Song K Kwak Y Core temperature
measurement in therapeutic hypothermia according to different phases: comparison of bladder,
rectal, and tympanic versus pulmonary artery methods Resuscitation 2013 84 810 7 23306812
10.1016/j.resuscitation.2012.12.023 92 Oksanen T Skrifvars MB Varpula T Strict versus moderate
glucose control after resuscitation from ventricular fibrillation Intensive Care Med 2007 33 2093 100
17928994 10.1007/s00134-007-0876-8 93 Sunde K Pytte M Jacobsen D Implementation of a
standardised treatment protocol for post resuscitation care after out-of-hospital cardiac arrest
Resuscitation 2007 73 29 39 17258378 10.1016/j.resuscitation.2006.08.016 94 Marik PE Preiser
JC Toward understanding tight glycemic control in the ICU: a systematic review and metaanalysis
Chest 2010 137 544 51 20018803 10.1378/chest.09-1737 95 Moghissi ES Korytkowski MT
DiNardo M American Association of Clinical Endocrinologists and American Diabetes Association
consensus statement on inpatient glycemic control Diabetes Care 2009 32 1119 31 19429873



10.2337/dc09-9029 PMC2681039 96 Wiener RS Wiener DC Larson RJ Benefits and risks of tight
glucose control in critically ill adults: a meta-analysis JAMA 2008 300 933 44 18728267
10.1001/jama.300.8.933 97 Backman S Westhall E Dragancea I Electroencephalographic
characteristics of status epilepticus after cardiac arrest Clin Neurophysiol 2017 128 681 8
28169132 10.1016/j.clinph.2017.01.002 98 Glauser T Shinnar S Gloss D Evidence-based
guideline: treatment of convulsive status epilepticus in children and adults: report of the Guideline
Committee of the American Epilepsy Society Epilepsy Curr 2016 16 48 61 26900382
10.5698/1535-7597-16.1.48 PMC4749120 99 Beretta S Coppo A Bianchi E Neurologic outcome of
postanoxic refractory status epilepticus after aggressive treatment Neurology 2018 91 e2153 162
30381366 10.1212/WNL.0000000000006615 100 Crepeau AZ Fugate JE Mandrekar J Value
analysis of continuous EEG in patients during therapeutic hypothermia after cardiac arrest
Resuscitation 2014 85 785 9 24561030 10.1016/j.resuscitation.2014.01.019 101 Dragancea I
Backman S Westhall E Rundgren M Friberg H Cronberg T Outcome following postanoxic status
epilepticus in patients with targeted temperature management after cardiac arrest Epilepsy Behav
2015 49 173 7 26117526 10.1016/j.yebeh.2015.04.043 102 Fatuzzo D Beuchat I Alvarez V Novy J
Oddo M Rossetti AO Does continuous EEG influence prognosis in patients after cardiac arrest?
Resuscitation 2018 132 29 32 30153468 10.1016/j.resuscitation.2018.08.023 103 Hofmeijer J
Tjepkema-Cloostermans MC Blans MJ Beishuizen A van Putten MJ Unstandardized treatment of
electroencephalographic status epilepticus does not improve outcome of comatose patients after
cardiac arrest Front Neurol 2014 5 39 24744748 10.3389/fneur.2014.00039 PMC3978332 104
Ruijter BJ van Putten MJ Horn J Treatment of electroencephalographic status epilepticus after
cardiopulmonary resuscitation (TELSTAR): study protocol for a randomized controlled trial Trials
2014 15 433 25377067 10.1186/1745-6215-15-433 PMC4237766 105 Kapur J Elm J Chamberlain
JM Randomized trial of three anticonvulsant medications for status epilepticus N Engl J Med 2019
381 2103 13 31774955 10.1056/NEJMoa1905795 PMC7098487 106 Solanki P Coppler PJ Kvaloy
JT Association of antiepileptic drugs with resolution of epileptiform activity after cardiac arrest
Resuscitation 2019 142 82 90 31325554 10.1016/j.resuscitation.2019.07.007 PMC7286066 107
Seder DB Sunde K Rubertsson S Neurologic outcomes and postresuscitation care of patients with
myoclonus following cardiac arrest Crit Care Med 2015 43 965 72 25654176
10.1097/CCM.0000000000000880 108 Chamorro C Borrallo JM Romera MA Silva JA Balandin B
Anesthesia and analgesia protocol during therapeutic hypothermia after cardiac arrest: a systematic
review Anesth Analg 2010 110 1328 35 20418296 10.1213/ANE.0b013e3181d8cacf 109 Salciccioli
JD Cocchi MN Rittenberger JC Continuous neuromuscular blockade is associated with decreased
mortality in post-cardiac arrest patients Resuscitation 2013 84 1728 33 23796602
10.1016/j.resuscitation.2013.06.008 PMC3864774 110 François B Cariou A Clere-Jehl R
Prevention of early ventilator-associated pneumonia after cardiac arrest N Engl J Med 2019 381
1831 42 31693806 10.1056/NEJMoa1812379 111 Ribaric SF Turel M Knafelj R Prophylactic versus
clinically-driven antibiotics in comatose survivors of out-of-hospital cardiac arrest: a randomized
pilot study Resuscitation 2017 111 103 9 27987397 10.1016/j.resuscitation.2016.11.025 112
Tagami T Matsui H Kuno M Early antibiotics administration during targeted temperature
management after out-of-hospital cardiac arrest: a nationwide database study BMC Anesthesiol
2016 16 89 27717334 10.1186/s12871-016-0257-3 PMC5055699 113 Davies KJ Walters JH
Kerslake IM Greenwood R Thomas MJ Early antibiotics improve survival following out-of hospital
cardiac arrest Resuscitation 2013 84 616 9 23153650 10.1016/j.resuscitation.2012.11.004 114
Choi SP Park KN Wee JH Can somatosensory and visual evoked potentials predict neurological
outcome during targeted temperature management in post cardiac arrest patients? Resuscitation
2017 119 70 5 28648810 10.1016/j.resuscitation.2017.06.022 115 Chung-Esaki HM Mui G Mlynash
M Eyngorn I Catabay K Hirsch KG The neuron specific enolase (NSE) ratio offers benefits over
absolute value thresholds in post-cardiac arrest coma prognosis J Clin Neurosci 2018 57 99 104
30145080 10.1016/j.jocn.2018.08.020 PMC6191328 116 Kim SH Choi SP Park KN Youn CS Oh
SH Choi SM Early brain computed tomography findings are associated with outcome in patients
treated with therapeutic hypothermia after out-of-hospital cardiac arrest Scand J Trauma Resusc
Emerg Med 2013 21 57 23870424 10.1186/1757-7241-21-57 PMC3726374 117 Ryoo SM Jeon SB
Sohn CH Predicting outcome with diffusion-weighted imaging in cardiac arrest patients receiving
hypothermia therapy: multicenter retrospective cohort study Crit Care Med 2015 43 2370 7
26284621 10.1097/CCM.0000000000001263 118 Javaudin F Leclere B Segard J Prognostic
performance of early absence of pupillary light reaction after recovery of out of hospital cardiac



arrest Resuscitation 2018 127 8 13 29545138 10.1016/j.resuscitation.2018.03.020 119 Sivaraju A
Gilmore EJ Wira CR Prognostication of postcardiac arrest coma: early clinical and
electroencephalographic predictors of outcome Intensive Care Med 2015 41 1264 72 25940963
10.1007/s00134-015-3834-x 120 Scarpino M Lolli F Lanzo G Neurophysiology and neuroimaging
accurately predict poor neurological outcome within 24 hours after cardiac arrest: the ProNeCA
prospective multicentre prognostication study Resuscitation 2019 143 115 23 31400398
10.1016/j.resuscitation.2019.07.032 121 Dhakal LP Sen A Stanko CM Early absent pupillary light
reflexes after cardiac arrest in patients treated with therapeutic hypothermia Ther Hypothermia
Temp Manag 2016 6 116 21 27135180 10.1089/ther.2015.0035 122 Matthews EA Magid-Bernstein
J Sobczak E Prognostic value of the neurological examination in cardiac arrest patients after
therapeutic hypothermia Neurohospitalist 2018 8 66 73 29623156 10.1177/1941874417733217
PMC5882011 123 Oddo M Sandroni C Citerio G Quantitative versus standard pupillary light reflex
for early prognostication in comatose cardiac arrest patients: an international prospective
multicenter double-blinded study Intensive Care Med 2018 44 2102 11 30478620
10.1007/s00134-018-5448-6 PMC6280828 124 Tsetsou S Novy J Pfeiffer C Oddo M Rossetti AO
Multimodal outcome prognostication after cardiac arrest and targeted temperature management:
analysis at 36 °C Neurocrit Care 2018 28 104 9 28337603 10.1007/s12028-017-0393-8 125
Dragancea I Horn J Kuiper M Neurological prognostication after cardiac arrest and targeted
temperature management 33°C versus 36°C: results from a randomised controlled clinical trial
Resuscitation 2015 93 164 70 25921544 10.1016/j.resuscitation.2015.04.013 126 Solari D Rossetti
AO Carteron L Early prediction of coma recovery after cardiac arrest with blinded pupillometry Ann
Neurol 2017 81 804 10 28470675 10.1002/ana.24943 127 Rossetti AO Tovar Quiroga DF Juan E
Electroencephalography predicts poor and good outcomes after cardiac arrest: a two-center study
Crit Care Med 2017 45 e674 82 28406812 10.1097/CCM.0000000000002337 128 Hofmeijer J
Beernink TM Bosch FH Beishuizen A Tjepkema-Cloostermans MC van Putten MJ Early EEG
contributes to multimodal outcome prediction of postanoxic coma Neurology 2015 85 137 43
26070341 10.1212/WNL.0000000000001742 PMC4515041 129 Kongpolprom N Cholkraisuwat J
Neurological prognostications for the therapeutic hypothermia among comatose survivors of
cardiac arrest Indian J Crit Care Med 2018 22 509 18 30111926 10.4103/ijccm.IJCCM_500_17
PMC6069316 130 Roger C Palmier L Louart B Neuron specific enolase and Glasgow motor score
remain useful tools for assessing neurological prognosis after out-of-hospital cardiac arrest treated
with therapeutic hypothermia Anaesth Crit Care Pain Med 2015 34 231 7 26324761
10.1016/j.accpm.2015.05.004 131 Zhou SE Maciel CB Ormseth CH Beekman R Gilmore EJ Greer
DM Distinct predictive values of current neuroprognostic guidelines in post-cardiac arrest patients
Resuscitation 2019 139 343 50 30951843 10.1016/j.resuscitation.2019.03.035 PMC6589093 132
Greer DM Scripko PD Wu O Hippocampal magnetic resonance imaging abnormalities in cardiac
arrest are associated with poor outcome J Stroke Cerebrovasc Dis 2013 22 899 905 22995378
10.1016/j.jstrokecerebrovasdis.2012.08.006 133 Ruijter BJ van Putten MJ Hofmeijer J Generalized
epileptiform discharges in postanoxic encephalopathy: quantitative characterization in relation to
outcome Epilepsia 2015 56 1845 54 26384469 10.1111/epi.13202 134 Kim JH Kim MJ You JS
Multimodal approach for neurologic prognostication of out-of-hospital cardiac arrest patients
undergoing targeted temperature management Resuscitation 2019 134 33 40 30562594
10.1016/j.resuscitation.2018.11.007 135 Lee KS Lee SE Choi JY Useful computed tomography
score for estimation of early neurologic outcome in postcardiac arrest patients with therapeutic
hypothermia Circ J 2017 81 1628 35 28592725 10.1253/circj.CJ-16-1327 136 Heimburger D
Durand M Gaide-Chevronnay L Quantitative pupillometry and transcranial Doppler measurements
in patients treated with hypothermia after cardiac arrest Resuscitation 2016 103 88 93 26970030
10.1016/j.resuscitation.2016.02.026 137 Obling L Hassager C Illum C Prognostic value of
automated pupillometry: an unselected cohort from a cardiac intensive care unit Eur Heart J Acute
Cardiovasc Care 2020 9 779 87 30950641 10.1177/2048872619842004 138 Riker RR Sawyer ME
Fischman VG Neurological pupil index and pupillary light reflex by pupillometry predict outcome
early after cardiac arrest Neurocrit Care 2020 32 152 61 31069659 10.1007/s12028-019-00717-4
139 Sadaka F Doerr D Hindia J Lee KP Logan W Continuous electroencephalogram in comatose
postcardiac arrest syndrome patients treated with therapeutic hypothermia: outcome prediction
study J Intensive Care Med 2015 30 292 6 24399172 10.1177/0885066613517214 140 Dhakar MB
Sivaraju A Maciel CB Electro-clinical characteristics and prognostic significance of post anoxic
myoclonus Resuscitation 2018 131 114 20 29964146 10.1016/j.resuscitation.2018.06.030 141



Lybeck A Friberg H Aneman A Prognostic significance of clinical seizures after cardiac arrest and
target temperature management Resuscitation 2017 114 146 51 28163232
10.1016/j.resuscitation.2017.01.017 142 Reynolds AS Rohaut B Holmes MG Early myoclonus
following anoxic brain injury Neurol Clin Pract 2018 8 249 56 30105165
10.1212/CPJ.0000000000000466 PMC6075972 143 Ruknuddeen MI Ramadoss R Rajajee V
Grzeskowiak LE Rajagopalan RE Early clinical prediction of neurological outcome following out of
hospital cardiac arrest managed with therapeutic hypothermia Indian J Crit Care Med 2015 19 304
10 26195855 10.4103/0972-5229.158256 PMC4478670 144 Leao RN Avila P Cavaco R Germano
N Bento L Therapeutic hypothermia after cardiac arrest: outcome predictors Rev Bras Ter Intensiva
2015 27 322 32 26761469 10.5935/0103-507X.20150056 PMC4738817 145 Noirhomme Q
Lehembre R Lugo Zdel R Automated analysis of background EEG and reactivity during therapeutic
hypothermia in comatose patients after cardiac arrest Clin EEG Neurosci 2014 45 6 13 24452769
10.1177/1550059413509616 146 De Santis P Lamanna I Mavroudakis N The potential role of
auditory evoked potentials to assess prognosis in comatose survivors from cardiac arrest
Resuscitation 2017 120 119 24 28942010 10.1016/j.resuscitation.2017.09.013 147 Ruijter BJ
Tjepkema-Cloostermans MC Tromp SC Early electroencephalography for outcome prediction of
postanoxic coma: a prospective cohort study Ann Neurol 2019 86 203 14 31155751
10.1002/ana.25518 PMC6771891 148 Grippo A Carrai R Scarpino M Neurophysiological prediction
of neurological good and poor outcome in postanoxic coma Acta Neurol Scand 2017 135 641 8
27480262 10.1111/ane.12659 149 Sondag L Ruijter BJ Tjepkema-Cloostermans MC Early EEG for
outcome prediction of postanoxic coma: prospective cohort study with cost-minimization analysis
Crit Care 2017 21 111 28506244 10.1186/s13054-017-1693-2 PMC5433242 150 Admiraal MM van
Rootselaar AF Hofmeijer J Electroencephalographic reactivity as predictor of neurological outcome
in postanoxic coma: a multicenter prospective cohort study Ann Neurol 2019 86 17 27 31124174
10.1002/ana.25507 PMC6618107 151 Scarpino M Carrai R Lolli F Neurophysiology for predicting
good and poor neurological outcome at 12 and 72h after cardiac arrest: the ProNeCA multicentre
prospective study Resuscitation 2020 147 95 103 31790754 10.1016/j.resuscitation.2019.11.014
152 Kim SW Oh JS Park J Short-latency positive peak following N20 somatosensory evoked
potential is superior to N20 in predicting neurologic outcome after out-of-hospital cardiac arrest Crit
Care Med 2018 46 e545 51 29498940 10.1097/CCM.0000000000003083 153 Beuchat I Novy J
Barbella G Oddo M Rossetti AO EEG patterns associated with present cortical SSEP after cardiac
arrest Acta Neurol Scand 2020 142 181 5 32392619 10.1111/ane.13264 154 Glimmerveen AB
Keijzer HM Ruijter BJ Tjepkema-Cloostermans MC van Putten MJ Hofmeijer J Relevance of
somatosensory evoked potential amplitude after cardiac arrest Front Neurol 2020 11 335 32425878
10.3389/fneur.2020.00335 PMC7212397 155 Oh SH Oh JS Jung HH Prognostic value of P25/30
cortical somatosensory evoked potential amplitude after cardiac arrest Crit Care Med 2020 48 1304
11 32568854 10.1097/CCM.0000000000004460 156 Nakstad ER Staer-Jensen H Wimmer H Late
awakening, prognostic factors and long-term outcome in out-of-hospital cardiac arrest: results of the
prospective Norwegian Cardio-Respiratory Arrest Study (NORCAST) Resuscitation 2020 149 170 9
31926258 10.1016/j.resuscitation.2019.12.031 157 Endisch C Storm C Ploner CJ Leithner C
Amplitudes of SSEP and outcome in cardiac arrest survivors: a prospective cohort study Neurology
2015 85 1752 60 26491086 10.1212/WNL.0000000000002123 158 Oh SH Park KN Choi SP
Beyond dichotomy: patterns and amplitudes of SSEPs and neurological outcomes after cardiac
arrest Crit Care 2019 23 224 31215475 10.1186/s13054-019-2510-x PMC6582536 159 Lamartine
Monteiro M Taccone FS Depondt C The prognostic value of 48-h continuous EEG during
therapeutic hypothermia after cardiac arrest Neurocrit Care 2016 24 153 62 26567031
10.1007/s12028-015-0215-9 160 Benarous L Gavaret M Soda Diop M Sources of interrater
variability and prognostic value of standardized EEG features in post-anoxic coma after
resuscitated cardiac arrest Clin Neurophysiol Pract 2019 4 20 6 30847430
10.1016/j.cnp.2018.12.001 PMC6389540 161 Westhall E Rossetti AO van Rootselaar AF
Standardized EEG interpretation accurately predicts prognosis after cardiac arrest Neurology 2016
86 1482 90 26865516 10.1212/WNL.0000000000002462 PMC4836886 162 Amorim E
Rittenberger JC Zheng JJ Continuous EEG monitoring enhances multimodal outcome prediction in
hypoxic-ischemic brain injury Resuscitation 2016 109 121 6 27554945
10.1016/j.resuscitation.2016.08.012 PMC5124407 163 Backman S Cronberg T Friberg H Highly
malignant routine EEG predicts poor prognosis after cardiac arrest in the Target Temperature
Management trial Resuscitation 2018 131 24 8 30053455 10.1016/j.resuscitation.2018.07.024 164



Barbella G Novy J Marques-Vidal P Oddo M Rossetti AO Prognostic role of EEG identical bursts in
patients after cardiac arrest: multimodal correlation Resuscitation 2020 148 140 4 32004660
10.1016/j.resuscitation.2020.01.017 165 Barth R Zubler F Weck A Topography of MR lesions
correlates with standardized EEG pattern in early comatose survivors after cardiac arrest
Resuscitation 2020 149 217 24 31982504 10.1016/j.resuscitation.2020.01.014 166 Beretta S
Coppo A Bianchi E Neurological outcome of postanoxic refractory status epilepticus after
aggressive treatment Epilepsy Behav 2019 101 Pt B 106374 31300383
10.1016/j.yebeh.2019.06.018 167 Alvarez V Reinsberger C Scirica B Continuous electrodermal
activity as a potential novel neurophysiological biomarker of prognosis after cardiac arrest: a pilot
study Resuscitation 2015 93 128 35 26086420 10.1016/j.resuscitation.2015.06.006 168 Duez CH
Johnsen B Ebbesen MQ Post resuscitation prognostication by EEG in 24 vs 48 h of targeted
temperature management Resuscitation 2019 135 145 52 30391368
10.1016/j.resuscitation.2018.10.035 169 Liu G Su Y Liu Y Predicting outcome in comatose patients:
the role of EEG reactivity to quantifiable electrical stimuli Evid Based Complement Alternat Med
2016 2016 8273716 27127529 10.1155/2016/8273716 PMC4834161 170 Amorim E van der Stoel
M Nagaraj SB Quantitative EEG reactivity and machine learning for prognostication in
hypoxic-ischemic brain injury Clin Neurophysiol 2019 130 1908 16 31419742
10.1016/j.clinph.2019.07.014 PMC6751020 171 Benghanem S Paul M Charpentier J Value of EEG
reactivity for prediction of neurologic outcome after cardiac arrest: insights from the Parisian registry
Resuscitation 2019 142 168 74 31211949 10.1016/j.resuscitation.2019.06.009 172 Beuchat I
Sivaraju A Amorim E MRI-EEG correlation for outcome prediction in postanoxic myoclonus: a
multicenter study Neurology 2020 95 e335 41 32482841 10.1212/WNL.0000000000009610
PMC7455317 173 Oh SH Park KN Kim YM The prognostic value of continuous
amplitude-integrated electroencephalogram applied immediately after return of spontaneous
circulation in therapeutic hypothermia-treated cardiac arrest patients Resuscitation 2013 84 200 5
23032690 10.1016/j.resuscitation.2012.09.031 174 Oh SH Park KN Shon YM Continuous
amplitude-integrated electroencephalographic monitoring is a useful prognostic tool for
hypothermia-treated cardiac arrest patients Circulation 2015 132 1094 103 26269576
10.1161/CIRCULATIONAHA.115.015754 PMC4572885 175 Ihara S Sakurai A Kinoshita K
Yamaguchi J Sugita A Amplitude-integrated electroencephalography and brain oxygenation for
postcardiac arrest patients with targeted temperature management Ther Hypothermia Temp Manag
2019 9 209 15 31381485 10.1089/ther.2018.0051 PMC6744943 176 Lee BK Jeung KW Lee HY
Jung YH Lee DH Combining brain computed tomography and serum neuron specific enolase
improves the prognostic performance compared to either alone in comatose cardiac arrest
survivors treated with therapeutic hypothermia Resuscitation 2013 84 1387 92 23792112
10.1016/j.resuscitation.2013.05.026 177 Moseby-Knappe M Pellis T Dragancea I Head computed
tomography for prognostication of poor outcome in comatose patients after cardiac arrest and
targeted temperature management Resuscitation 2017 119 89 94 28687281
10.1016/j.resuscitation.2017.06.027 178 Stammet P Collignon O Hassager C Neuron-specific
enolase as a predictor of death or poor neurological outcome after out-of-hospital cardiac arrest
and targeted temperature management at 33°C and 36°C J Am Coll Cardiol 2015 65 2104 14
25975474 10.1016/j.jacc.2015.03.538 179 Vondrakova D Kruger A Janotka M Association of
neuron-specific enolase values with outcomes in cardiac arrest survivors is dependent on the time
of sample collection Crit Care 2017 21 172 28687073 10.1186/s13054-017-1766-2 PMC5501942
180 Zellner T Gartner R Schopohl J Angstwurm M NSE and S-100B are not sufficiently predictive of
neurologic outcome after therapeutic hypothermia for cardiac arrest Resuscitation 2013 84 1382 6
23528678 10.1016/j.resuscitation.2013.03.021 181 Duez CH Grejs AM Jeppesen AN
Neuron-specific enolase and S-100b in prolonged targeted temperature management after cardiac
arrest: a randomised study Resuscitation 2018 122 79 86 29175384
10.1016/j.resuscitation.2017.11.052 182 Jang JH Park WB Lim YS Combination of S100B and
procalcitonin improves prognostic performance compared to either alone in patients with cardiac
arrest: a prospective observational study Medicine (Baltimore) 2019 98 e14496 30732223
10.1097/MD.0000000000014496 PMC6380878 183 Stammet P Dankiewicz J Nielsen N Protein
S100 as outcome predictor after out-of-hospital cardiac arrest and targeted temperature
management at 33°C and 36°C Crit Care 2017 21 153 28629472 10.1186/s13054-017-1729-7
PMC5477102 184 Helwig K Seeger F Holschermann H Elevated serum glial fibrillary acidic protein
(GFAP) is associated with poor functional outcome after cardiopulmonary resuscitation Neurocrit



Care 2017 27 68 74 28054291 10.1007/s12028-016-0371-6 185 Mattsson N Zetterberg H Nielsen
N Serum tau and neurological outcome in cardiac arrest Ann Neurol 2017 82 665 75 28981963
10.1002/ana.25067 PMC5725735 186 Moseby-Knappe M Mattsson N Nielsen N Serum
neurofilament light chain for prognosis of outcome after cardiac arrest JAMA Neurol 2019 76 64 71
30383090 10.1001/jamaneurol.2018.3223 PMC6440255 187 Rana OR Schroder JW Baukloh JK
Neurofilament light chain as an early and sensitive predictor of long-term neurological outcome in
patients after cardiac arrest Int J Cardiol 2013 168 1322 7 23287695 10.1016/j.ijcard.2012.12.016
188 Kim YH Lee JH Hong CK Feasibility of optic nerve sheath diameter measured on initial brain
computed tomography as an early neurologic outcome predictor after cardiac arrest Acad Emerg
Med 2014 21 1121 8 25308135 10.1111/acem.12477 189 Jeon CH Park JS Lee JH Comparison of
brain computed tomography and diffusion-weighted magnetic resonance imaging to predict early
neurologic outcome before target temperature management comatose cardiac arrest survivors
Resuscitation 2017 118 21 6 28668700 10.1016/j.resuscitation.2017.06.021 190 Lee DH Lee BK
Jeung KW Relationship between ventricular characteristics on brain computed tomography and
6-month neurologic outcome in cardiac arrest survivors who underwent targeted temperature
management Resuscitation 2018 129 37 42 29902493 10.1016/j.resuscitation.2018.06.008 191
Scarpino M Lanzo G Lolli F Neurophysiological and neuroradiological multimodal approach for early
poor outcome prediction after cardiac arrest Resuscitation 2018 129 114 20 29679698
10.1016/j.resuscitation.2018.04.016 192 Scarpino M Lolli F Lanzo G Neurophysiological and
neuroradiological test for early poor outcome (Cerebral Performance Categories 3-5) prediction
after cardiac arrest: prospective multicentre prognostication data Data Brief 2019 27 104755
31763408 10.1016/j.dib.2019.104755 PMC6864134 193 Wang GN Chen XF Lv JR The prognostic
value of gray-white matter ratio on brain computed tomography in adult comatose cardiac arrest
survivors J Chin Med Assoc 2018 81 599 604 29703517 10.1016/j.jcma.2018.03.003 194 Youn CS
Callaway CW Rittenberger JC Post Cardiac Arrest Service Combination of initial neurologic
examination, quantitative brain imaging and electroencephalography to predict outcome after
cardiac arrest Resuscitation 2017 110 120 5 27840004 10.1016/j.resuscitation.2016.10.024
PMC5167630 195 Hirsch KG Fischbein N Mlynash M Prognostic value of diffusion-weighted MRI
for post-cardiac arrest coma Neurology 2020 94 e1684 92 32269116
10.1212/WNL.0000000000009289 PMC7282878 196 Kim J Kim K Hong S Low apparent diffusion
coefficient cluster-based analysis of diffusion-weighted MRI for prognostication of out-of-hospital
cardiac arrest survivors Resuscitation 2013 84 1393 9 23603152
10.1016/j.resuscitation.2013.04.011 197 Moon HK Jang J Park KN Quantitative analysis of relative
volume of low apparent diffusion coefficient value can predict neurologic outcome after cardiac
arrest Resuscitation 2018 126 36 42 29474879 10.1016/j.resuscitation.2018.02.020 198 Elmer J
Torres C Aufderheide TP Association of early withdrawal of life-sustaining therapy for perceived
neurological prognosis with mortality after cardiac arrest Resuscitation 2016 102 127 35 26836944
10.1016/j.resuscitation.2016.01.016 PMC4834233 199 May TL Ruthazer R Riker RR Early
withdrawal of life support after resuscitation from cardiac arrest is common and may result in
additional deaths Resuscitation 2019 139 308 13 30836171 10.1016/j.resuscitation.2019.02.031
PMC6555675 200 Del Rio F Andres A Padilla M Kidney transplantation from donors after
uncontrolled circulatory death: the Spanish experience Kidney Int 2019 95 420 8 30579725
10.1016/j.kint.2018.09.014 201 Chen G Wang C Chen L Qiu J Wang C Comparison of outcomes of
kidney transplantation from DBD, DCD or DBCD donors: a single center experience from China Am
J Transplant 2016 16 Suppl 3 C192 202 Hoyer D Paul A Galllinat A Livers donated after cardiac
arrest and successful resuscitation: to use or not to use? Transplantation 2014 98 Suppl 1 11 203
Pan X Apinyachon W Xia W Perioperative complications in liver transplantation using donation after
cardiac death grafts: a propensity-matched study Liver Transpl 2014 20 823 30 24711100
10.1002/lt.23888 204 Messner F Yu Y Etra JW Donor cardiac arrest and cardiopulmonary
resuscitation: impact on outcomes after simultaneous pancreas-kidney transplantation: a
retrospective study Transpl Int 2020 33 657 66 32027055 10.1111/tri.13591 PMC7318239 205
Messner F Etra JW Yu Y Outcomes of simultaneous pancreas and kidney transplantation based on
donor resuscitation Am J Transplant 2020 20 1720 8 32026618 10.1111/ajt.15808 PMC12404684
206 Clemmensen TS Logstrup BB Eiskjaer H Hoyer S Poulsen SH The long-term influence of
repetitive cellular cardiac rejections on left ventricular longitudinal myocardial deformation in heart
transplant recipients Transpl Int 2015 28 475 84 25581105 10.1111/tri.12520 207 Galeone A
Varnous S Lebreton G Impact of cardiac arrest resuscitated donors on heart transplant recipients’



outcome J Thorac Cardiovasc Surg 2017 153 622 30 27938903 10.1016/j.jtcvs.2016.10.079 208
Ruttens D Martens A Ordies S Short- and long-term outcomes after lung transplantation from
circulatory-dead donors: a single-center experience Transplantation 2017 101 2691 4 28207629
10.1097/TP.0000000000001678 209 Ventura-Aguiar P Ferrer J Paredes D Outcomes from brain
death donors with previous cardiac arrest accepted for pancreas transplantation: a single-center
retrospective analysis Ann Surg 2019 2 8 [Epub]. 10.1097/SLA.0000000000003218 30829695 210
McCulloch MA Zuckerman WA Moller T Effects of donor cause of death, ischemia time, inotrope
exposure, troponin values, cardiopulmonary resuscitation, electrocardiographic and
echocardiographic data on recipient outcomes: a review of the literature Pediatr Transplant 2020 24
e13676 32198808 10.1111/petr.13676 211 >Internal Organs Transplant Act, L. No. 17214 (Apr 7,
2020) 212 Sawyer KN Camp-Rogers TR Kotini-Shah P Sudden cardiac arrest survivorship: a
scientific statement from the American Heart Association Circulation 2020 141 e654 85 32078390
10.1161/CIR.0000000000000747 213 Wilder Schaaf KP Artman LK Peberdy MA Anxiety,
depression, and PTSD following cardiac arrest: a systematic review of the literature Resuscitation
2013 84 873 7 23200996 10.1016/j.resuscitation.2012.11.021 214 Presciutti A Verma J Pavol M
Posttraumatic stress and depressive symptoms characterize cardiac arrest survivors’ perceived
recovery at hospital discharge Gen Hosp Psychiatry 2018 53 108 13 29776732
10.1016/j.genhosppsych.2018.02.006 215 Lilja G Nilsson G Nielsen N Anxiety and depression
among out-of-hospital cardiac arrest survivors Resuscitation 2015 97 68 75 26433116
10.1016/j.resuscitation.2015.09.389 216 Doolittle ND Sauve MJ Impact of aborted sudden cardiac
death on survivors and their spouses: the phenomenon of different reference points Am J Crit Care
1995 4 389 96 7489044 217 Larsson IM Wallin E Rubertsson S Kristoferzon ML Relatives’
experiences during the next of kin’s hospital stay after surviving cardiac arrest and therapeutic
hypothermia Eur J Cardiovasc Nurs 2013 12 353 9 22984190 10.1177/1474515112459618 218 Lof
S Sandstrom A Engstrom A Patients treated with therapeutic hypothermia after cardiac arrest:
relatives’ experiences J Adv Nurs 2010 66 1760 8 20557381 10.1111/j.1365-2648.2010.05352.x
219 Wallin E Larsson IM Rubertsson S Kristoferzon ML Relatives’ experiences of everyday life six
months after hypothermia treatment of a significant other’s cardiac arrest J Clin Nurs 2013 22 1639
46 23444838 10.1111/jocn.12112 220 Weslien M Nilstun T Lundqvist A Fridlund B When the unreal
becomes real: family members’ experiences of cardiac arrest Nurs Crit Care 2005 10 15 22
15739635 10.1111/j.1362-1017.2005.00094.x 221 Lilja G Nielsen N Bro-Jeppesen J Return to work
and participation in society after out-of-hospital cardiac arrest Circ Cardiovasc Qual Outcomes 2018
11 e003566 29326145 10.1161/CIRCOUTCOMES.117.003566 222 Kearney J Dyson K Andrew E
Bernard S Smith K Factors associated with return to work among survivors of out-of-hospital
cardiac arrest Resuscitation 2020 146 203 12 31539607 10.1016/j.resuscitation.2019.09.006 223
Verberne D Moulaert V Verbunt J van Heugten C Factors predicting quality of life and societal
participation after survival of a cardiac arrest: a prognostic longitudinal cohort study Resuscitation
2018 123 51 7 29223603 10.1016/j.resuscitation.2017.11.069 224 Moulaert VR Verbunt JA van
Heugten CM Wade DT Cognitive impairments in survivors of out-of-hospital cardiac arrest: a
systematic review Resuscitation 2009 80 297 305 19117659 10.1016/j.resuscitation.2008.10.034
225 Buanes EA Gramstad A Sovig KK Cognitive function and health-related quality of life four years
after cardiac arrest Resuscitation 2015 89 13 8 25596374 10.1016/j.resuscitation.2014.12.021 226
Lilja G Nielsen N Friberg H Cognitive function in survivors of out-of-hospital cardiac arrest after
target temperature management at 33°C versus 36°C Circulation 2015 131 1340 9 25681466
10.1161/CIRCULATIONAHA.114.014414 227 Mateen FJ Josephs KA Trenerry MR Long-term
cognitive outcomes following out-of-hospital cardiac arrest: a population-based study Neurology
2011 77 1438 45 21917772 10.1212/WNL.0b013e318232ab33 228 Steinbusch CV van Heugten
CM Rasquin SM Verbunt JA Moulaert VR Cognitive impairments and subjective cognitive
complaints after survival of cardiac arrest: a prospective longitudinal cohort study Resuscitation
2017 120 132 7 28818523 10.1016/j.resuscitation.2017.08.007 229 Tiainen M Poutiainen E
Oksanen T Functional outcome, cognition and quality of life after out-of-hospital cardiac arrest and
therapeutic hypothermia: data from a randomized controlled trial Scand J Trauma Resusc Emerg
Med 2015 23 12 25652686 10.1186/s13049-014-0084-9 PMC4344753 230 Schweickert WD
Pohlman MC Pohlman AS Early physical and occupational therapy in mechanically ventilated,
critically ill patients: a randomised controlled trial Lancet 2009 373 1874 82 19446324
10.1016/S0140-6736(09)60658-9 PMC9906655 231 Brummel NE Girard TD Ely EW Feasibility and
safety of early combined cognitive and physical therapy for critically ill medical and surgical



patients: the Activity and Cognitive Therapy in ICU (ACT-ICU) trial Intensive Care Med 2014 40 370
9 24257969 10.1007/s00134-013-3136-0 PMC3943568 232 Adiguzel E Yasar E Kesikburun S Are
rehabilitation outcomes after severe anoxic brain injury different from severe traumatic brain injury?:
a matched case-control study Int J Rehabil Res 2018 41 47 51 29200410
10.1097/MRR.0000000000000261 233 Shah MK Carayannopoulos AG Burke DT Al-Adawi S A
comparison of functional outcomes in hypoxia and traumatic brain injury: a pilot study J Neurol Sci
2007 260 95 9 17537457 10.1016/j.jns.2007.04.012 234 Fertl E Vass K Sterz F Gabriel H Auff E
Neurological rehabilitation of severely disabled cardiac arrest survivors. Part I. Course of post-acute
inpatient treatment Resuscitation 2000 47 231 9 11114452 10.1016/s0300-9572(00)00239-2 235
Cicerone KD Goldin Y Ganci K Evidence-based cognitive rehabilitation: systematic review of the
literature from 2009 through 2014 Arch Phys Med Rehabil 2019 100 1515 33 30926291
10.1016/j.apmr.2019.02.011 236 Kim DY Kim YH Lee J Clinical practice guideline for stroke
rehabilitation in Korea 2016 Brain Neurorehabil 2017 10 Suppl 1 e11 10.12786/bn.2023.16.e18
PMC10404807 37554256 237 Lundgren-Nilsson A Rosen H Hofgren C Sunnerhagen KS The first
year after successful cardiac resuscitation: function, activity, participation and quality of life
Resuscitation 2005 66 285 9 16039033 10.1016/j.resuscitation.2005.04.001 238 Middelkamp W
Moulaert VR Verbunt JA van Heugten CM Bakx WG Wade DT Life after survival: long-term daily life
functioning and quality of life of patients with hypoxic brain injury as a result of a cardiac arrest Clin
Rehabil 2007 21 425 31 17613563 10.1177/0269215507075307 239 Kragholm K Wissenberg M
Mortensen RN Return to work in out-of-hospital cardiac arrest survivors: a nationwide
register-based follow-up study Circulation 2015 131 1682 90 25941005
10.1161/CIRCULATIONAHA.114.011366 240 Moulaert VR van Haastregt JC Wade DT van
Heugten CM Verbunt JA ‘Stand still …, and move on’, an early neurologically-focused follow-up for
cardiac arrest survivors and their caregivers: a process evaluation BMC Health Serv Res 2014 14
34 24456999 10.1186/1472-6963-14-34 PMC3904407 241 Israelsson J Lilja G Bremer A
Stevenson-Agren J Arestedt K Post cardiac arrest care and follow-up in Sweden: a national
web-survey BMC Nurs 2016 15 1 26752975 10.1186/s12912-016-0123-0 PMC4706707 242
Sawyer KN Brown F Christensen R Damino C Newman MM Kurz MC Surviving sudden cardiac
arrest: a pilot qualitative survey study of survivors Ther Hypothermia Temp Manag 2016 6 76 84
26950703 10.1089/ther.2015.0031 243 Moulaert VR van Heugten CM Winkens B Early
neurologically-focused follow-up after cardiac arrest improves quality of life at one year: a
randomised controlled trial Int J Cardiol 2015 193 8 16 26005166 10.1016/j.ijcard.2015.04.229 244
Moulaert VR Goossens M Heijnders IL Verbunt JA Heugten CM Early neurologically focused
follow-up after cardiac arrest is cost-effective: a trial-based economic evaluation Resuscitation 2016
106 30 6 27350371 10.1016/j.resuscitation.2016.06.015 245 Cowan MJ Pike KC Budzynski HK
Psychosocial nursing therapy following sudden cardiac arrest: impact on two-year survival Nurs
Res 2001 50 68 76 11302295 10.1097/00006199-200103000-00002 246 Dougherty CM Thompson
EA Lewis FM Long-term outcomes of a telephone intervention after an ICD Pacing Clin
Electrophysiol 2005 28 1157 67 16359281 10.1111/j.1540-8159.2005.09500.x 247 Mion M
Al-Janabi F Islam S Care after resuscitation: implementation of the United Kingdom’s first dedicated
multidisciplinary follow-up program for survivors of out-of-hospital cardiac arrest Ther Hypothermia
Temp Manag 2020 10 53 9 31287385 10.1089/ther.2018.0048 248 Andrew E Nehme Z Wolfe R
Bernard S Smith K Long-term survival following out-of-hospital cardiac arrest Heart 2017 103 1104
10 28258247 10.1136/heartjnl-2016-310485 249 Cournoyer A Notebaert E de Montigny L Impact of
the direct transfer to percutaneous coronary interventioncapable hospitals on survival to hospital
discharge for patients with out-of-hospital cardiac arrest Resuscitation 2018 125 28 33 29408600
10.1016/j.resuscitation.2018.01.048 250 Elmer J Rittenberger JC Coppler PJ Long-term survival
benefit from treatment at a specialty center after cardiac arrest Resuscitation 2016 108 48 53
27650862 10.1016/j.resuscitation.2016.09.008 PMC5850957 251 Elmer J Callaway CW Chang CH
Long-term outcomes of out-of-hospital cardiac arrest care at regionalized centers Ann Emerg Med
2019 73 29 39 30060961 10.1016/j.annemergmed.2018.05.018 PMC6429559 252 Harnod D Ma
MH Chang WH Chang RE Chang CH Mortality factors in out-of-hospital cardiac arrest patients: a
nationwide population-based study in Taiwan Int J Gerontol 2013 7 216 20 253 Kragholm K Malta
Hansen C Dupre ME Direct transport to a percutaneous cardiac intervention center and outcomes
in patients with out-of-hospital cardiac arrest Circ Cardiovasc Qual Outcomes 2017 10 e003414
28615177 10.1161/CIRCOUTCOMES.116.003414 254 Lai CY Lin FH Chu H Survival factors of
hospitalized out-of-hospital cardiac arrest patients in Taiwan: a retrospective study PLoS One 2018



13 e0191954 29420551 10.1371/journal.pone.0191954 PMC5805233 255 Lick CJ Aufderheide TP
Niskanen RA Take Heart America: a comprehensive, community-wide, systems-based approach to
the treatment of cardiac arrest Crit Care Med 2011 39 26 33 20890185
10.1097/CCM.0b013e3181fa7ce4 256 Matsuyama T Kiyohara K Kitamura T Hospital
characteristics and favourable neurological outcome among patients with out-of-hospital cardiac
arrest in Osaka, Japan Resuscitation 2017 110 146 53 27893969
10.1016/j.resuscitation.2016.11.009 257 McKenzie N Williams TA Ho KM Direct transport to a
PCI-capable hospital is associated with improved survival after adult out-of-hospital cardiac arrest
of medical aetiology Resuscitation 2018 128 76 82 29729284 10.1016/j.resuscitation.2018.04.039
258 Mumma BE Diercks DB Wilson MD Holmes JF Association between treatment at an
ST-segment elevation myocardial infarction center and neurologic recovery after out-of-hospital
cardiac arrest Am Heart J 2015 170 516 23 26385035 10.1016/j.ahj.2015.05.020 PMC4576717 259
Soholm H Wachtell K Nielsen SL Tertiary centres have improved survival compared to other
hospitals in the Copenhagen area after out-of-hospital cardiac arrest Resuscitation 2013 84 162 7
22796541 10.1016/j.resuscitation.2012.06.029 260 Soholm H Kjaergaard J Bro-Jeppesen J
Prognostic implications of level-of-care at tertiary heart centers compared with other hospitals after
resuscitation from out-of-hospital cardiac arrest Circ Cardiovasc Qual Outcomes 2015 8 268 76
25944632 10.1161/CIRCOUTCOMES.115.001767 261 Spaite DW Bobrow BJ Stolz U Statewide
regionalization of postarrest care for out-of-hospital cardiac arrest: association with survival and
neurologic outcome Ann Emerg Med 2014 64 496 506 25064741
10.1016/j.annemergmed.2014.05.028 262 Stub D Smith K Bray JE Bernard S Duffy SJ Kaye DM
Hospital characteristics are associated with patient outcomes following out-of-hospital cardiac
arrest Heart 2011 97 1489 94 21693477 10.1136/hrt.2011.226431 263 Tagami T Hirata K
Takeshige T Implementation of the fifth link of the chain of survival concept for out-of-hospital
cardiac arrest Circulation 2012 126 589 97 22850361 10.1161/CIRCULATIONAHA.111.086173
264 Tranberg T Lippert FK Christensen EF Distance to invasive heart centre, performance of acute
coronary angiography, and angioplasty and associated outcome in out-of-hospital cardiac arrest: a
nationwide study Eur Heart J 2017 38 1645 52 28369362 10.1093/eurheartj/ehx104 PMC5451896
265 Yeung J Matsuyama T Bray J Reynolds J Skrifvars MB Does care at a cardiac arrest centre
improve outcome after out-of-hospital cardiac arrest?: a systematic review Resuscitation 2019 137
102 15 30779976 10.1016/j.resuscitation.2019.02.006 266 Finn JC Bhanji F Lockey A Part 8:
education, implementation, and teams: 2015 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science with Treatment Recommendations
Resuscitation 2015 95 e203 24 26477705 10.1016/j.resuscitation.2015.07.046 267 Lee SH Kim HK
Jeong MH Pre-hospital delay and emergency medical services in acute myocardial infarction
Korean J Intern Med 2020 35 119 32 31766823 10.3904/kjim.2019.123 PMC6960059 Fig. 1.
Algorithm for post-cardiac arrest care. ECG, electrocardiography; PCI, percutaneous coronary
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