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ABSTRACT

Survival to hospital discharge among patients with out-of-hospital
cardiac arrest (OHCA) is low and important regional differences in
treatment practices and survival have been described. Since the 2017
publication of the Canadian Cardiovascular Society’s position state-
ment on OHCA care, multiple randomized controlled trials have helped
to better define optimal post cardiac arrest care. This working group
provides updated guidance on the timing of cardiac catheterization in
patients with ST-elevation and without ST-segment elevation, on a
revised temperature control strategy targeting normothermia instead
of hypothermia, blood pressure, oxygenation, and ventilation param-
eters, and on the treatment of rhythmic and periodic electroenceph-
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RESUME

La survie des patients ayant subi un arrét cardiaque hors de I'hopital
(ACHH) demeure faible a la sortie de I'hdpital et d'importantes
différences régionales dans les pratiques de traitement et les taux de
survie ont été décrites. Depuis la publication en 2017 de I'énoncé de
position de la Société cardiovasculaire du Canada sur les soins de
’ACHH, les nombreux essais contrélés randomisés ont contribué a
mieux définir les soins optimaux aprés I'arrét cardiaque. Notre groupe
de travail fournit des directives actualisées : sur le moment opportun
du cathétérisme cardiaque des patients ayant un sus-décalage du
segment ST et n’ayant pas de sus-décalage du segment ST ; qui
reposent sur une stratégie révisée de régulation de la température

This statement was developed following a thorough consideration of
medical literature and the best available evidence and clinical experience. It
represents the consensus of a Canadian panel comprised of interdisci-
plinary experts on this topic. The statement is not intended to be a
substitute for physicians using their individual judgement in managing
clinical care in consultation with the patient, with appropriate regard to all
the individual circumstances of the patient, diagnostic and treatment
options available and available resources.
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alography patterns in patients with a resuscitated OHCA. In addition,
prehospital trials have helped craft new expert opinions on antiar-
rhythmic strategies (amiodarone or lidocaine) and outline the potential
role for double sequential defibrillation in patients with refractory
cardiac arrest when equipment and training is available. Finally, we
advocate for regionalized OHCA care systems with admissions to a
hospital capable of integrating their post OHCA care with compre-
hensive on-site cardiovascular services and provide guidance on the
potential role of extracorporeal cardiopulmonary resuscitation in pa-
tients with refractory cardiac arrest. We believe that knowledge
translation through national harmonization and adoption of contem-
porary best practices has the potential to improve survival and func-
tional outcomes in the OHCA population.

The international annual incidence of out-of-hospital cardiac
arrest (OHCA) is 41-111 per 100,000 persons.H The esti-
mated survival to hospital discharge among patients treated for
an OHCA is low (5%-15%), but important international,
regional, medical treatment, and socioeconomic variations
have been described that might be, in part, due to differences
in prehospital responses and hospital-based  clinical
practices.”*" Despite quality of care and public health ini-
tiatives, it remains uncertain whether OHCA survival rates are
improving in all regions.”'” Collectively, this suggests that
continued widespread adoption of best practices is required to
improve OHCA outcomes.

The Canadian Cardiovascular Society (CCS) first post
cardiac arrest care position statement published in 2017
made comprehensive recommendations for the in-hospital
management of patients with resuscitated cardiac arrest.
These recommendations were largely on the basis of results
of observational studies or randomized controlled trials
(RCTs) with important methodological limitations."" Mul-
tiple large, multicentre RCT's have since been published that
have advanced our understanding of hospital-based care of
patients with a resuscitated OHCA. In addition, new RCTs
have tested regionalized OHCA care delivery models and
treatment strategies for refractory prehospital cardiac arrest.
This CCS clinical practice update (CPU), endorsed by Ca-
nadian Cardiovascular Critical Care Society (CANCARE)
and the Canadian Association of Interventional Cardiology
(CAIC-ACCI), provides expert opinion on best practices of
OHCA care (Table 1).

Methods and Scope

This document was developed as a CPU in accordance
with the published CCS framework.'” The writing group
members identified a set of clinical or therapeutic OHCA
questions and performed comprehensive literature searches
limited to RCTs or prespecified secondary analyses of RCTs
that were published after the 2017 CCS OHCA position
statement (2017 to August 2023)."" Observational studies
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axée sur la normothermie plutét que I'’hypothermie; la pression
artérielle, les paramétres d’oxygénation et de ventilation; et sur le
traitement des activités rythmiques et périodiques en
électroencéphalographie chez les patients réanimés aprés 'ACHH. De
plus, les essais en milieu préhospitalier ont favorisé I'élaboration de
nouveaux avis d’experts sur les stratégies antiarythmiques (amiodar-
one ou lidocaine) et ont montré le réle potentiel de la double
défibrillation séquentielle des patients ayant subi un arrét cardiaque
réfractaire lorsque I'équipement et la formation sont disponibles.
Finalement, nous préconisons les systémes de soins régionalisés de
'’ACHH grace a des admissions dans un hopital capable d’intégrer
leurs soins post-ACHH a des services en cardiologie complets sur place
et nous fournissons des précisions sur le role potentiel de la
réanimation cardiopulmonaire extracorporelle des patients ayant subi
un arrét cardiaque réfractaire. Nous croyons que I'application des
connaissances par I’harmonisation nationale et I'adoption de pratiques
exemplaires contemporaines ont le potentiel d’améliorer la survie et
les résultats fonctionnels de la population ayant subi un ACHH.

were not included in the expert opinions. Primary topic leads
performed literature searches and drafted initial expert
opinions. The committee revised and provided feedback
during weekly teleconferences. All expert opinions were
ungraded and derived by consensus.

Post Cardiac Arrest Care

Role and timing of coronary angiography during post
cardiac arrest care

i) Coronary angiography in patients with OHCA who
present with STEMI. The timing of coronary angiography
in comatose OHCA survivors depends largely on the presence
or absence of ST-segment elevation on initial electrocardio-
grams (ECGs) (Fig. 1). Early revascularization of ST-segment
elevation myocardial infarction (STEMI) might reduce the
risk of hemodynamic decompensation, mechanical cardiac
complications, and recurrent arrhythmias."' As such, the
2017 CCS post cardiac arrest position statement recom-
mended immediate coronary angiography and primary
percutaneous coronary intervention (PCI), or fibrinolytic
therapy in settings where timely primary PCI was not available
for resuscitated patients with OHCA who present with a
STEML'" Despite minimal data on comatose survivors of
OHCA from STEMI reperfusion trials, the totality of the data
support emergent revascularization in this patient population.
Neurological injury is a meaningful competing risk but reli-
able neuroprognostication is not possible immediately after
OHCA. Therefore, evidence-based STEMI reperfusion ther-
apy as part of post-arrest care is reasonable.'”

Expert Opinion: In patients with STEMI who do not
purposefully respond to verbal commands after a resuscitated
OHCA, timely reperfusion therapy at the time of presentation
is indicated with immediate coronary angiography and pri-
mary PCI, or fibrinolytic therapy in settings where timely
primary PCI is not available.



Table 1. Summary of consensus expert opinions for

patients with out-of-hospital resuscitated cardiac arrest

Post cardiac arrest care metric

New or revised

2017 CCS psoition statement''

2024 Expert opinions

Timing of coronary angiography

Temperature control

Blood pressure targets

Oxygenation targets

Ventilation targets

Routine antibiotic prophylaxis

R .

R .
R °
R °
.
R °
.
R °
.
R °
°
R °
R °
R °
N

We recommend that in OHCA patients with STEMI, immediate angiog-
raphy and PPCI be considered when timely access to cardiac catheterization
is feasible (Strong Recommendation; Moderate-Quality Evidence)

We recommend fibrinolytic therapy in OHCA patients with STEMI if
timely PPCI cannot be performed and there are no absolute contraindi-
cations to its use (Strong Recommendation; Low-Quality Evidence)

We suggest angiography with or without PCI be performed as soon as
clinically feasible in patients without ST elevation after OHCA if there is a
high level of suspicion for an underlying ischemic etiology due to an acute
coronary lesion, and no major comorbidities or contraindications to invasive
angiography (Conditional Recommendation; Moderate-Quality Evidence)
We suggest that TTM be initiated along with angiography in comatose
patients if both are required concurrently (Conditional Recommendation;
Low-Quality Evidence)

We recommend that TTM be used in unresponsive OHCA survivors with
an initial shockable rhythm after ROSC (Strong Recommendation; Low-
Quality Evidence)

We recommend that a temperature between 33°C and 36°C, inclusively, be
selected and maintained for patients who undergo TTM (Strong Recom-
mendation; Moderate-Quality Evidence)

We suggest TTM be used in unresponsive OHCA survivors with an initial
nonshockable rhythm after ROSC (Conditional Recommendation; Very
Low-Quality Evidence)

We recommend that a temperature between 33°C and 36°C, inclusively, be
selected and maintained for patients who undergo TTM (Strong Recom-
mendation; Moderate-Quality Evidence)

We suggest that TTM be considered in unresponsive survivors of in-
hospital cardiac arrest with any rhythm after ROSC (Conditional
Recommendation; Very Low-Quality Evidence)

We recommend that a temperature between 33°C and 36°C, inclusively, be
selected and maintained for patients who undergo TTM (Strong Recom-
mendation; Moderate-Quality Evidence)

We suggest that the cooling temperature selected for TTM be maintained
for at least 24 hours (Conditional Recommendation; Very Low-Quality
Evidence)

We suggest TTM be continued beyond 24 hours from ROSC to prevent
fever (temperature > 37.5°C; Conditional Recommendation; Very Low-
Quality Evidence)

We suggest a MAP target of at least 65 mm Hg be maintained in OHCA
patients, using intravenous fluids, vasopressors, and/or inotropes as neces-
sary (Conditional Recommendation; Low-Quality Evidence)

We suggest oxygen therapy be titrated to a PaO2 between 60 and 200 mm
Hg in OHCA patients (Conditional Recommendation; Low-Quality
Evidence)

We suggest that, in patients who undergo MV after OHCA, ventilation
should target normocapnia (PaCO, 35-45 mm Hg; Conditional Recom-
mendation; Low-Quality Evidence)

In patients with STEMI who do not purposefully follow verbal commands
after a resuscitated OHCA, timely reperfusion at the time of presentation
therapy is indicated with immediate coronary angiography and PPCI, or
fibrinolytic therapy in settings where timely PPCI is not available

In patients who are comatose after a resuscitated OHCA without ST-segment
elevation on the initial ECG, delaying coronary angiography might be
considered unless high-risk cardiovascular features are present such as
hemodynamic instability, high-risk ischemic ECG changes, or recurrent, or
unstable ventricular arrhythmias believed to be related to ongoing ischemia

It is reasonable to initiate temperature control as soon as possible after hospital
arrival and not in the prehospital environment

In patients who do not purposefully respond to verbal commands after a
resuscitated OHCA with an initial shockable rhythm, it is reasonable to
target a core temperature target of < 37.5°C

In patients who do not purposefully respond to verbal commands after a
resuscitated OHCA with an initial non-shockable rhythm, it is reasonable to
target a core temperature target of < 37.5°C

In patients who do not purposefully respond to verbal commands after a
resuscitated in-hospital cardiac arrest with an initial shockable or
nonshockable rhythm, it is reasonable to target a core temperature target of

< 37.5°C

In patients who do not purposefully respond to verbal commands after
resuscitated cardiac arrest, it is reasonable to continue temperature control
for at least 72 hours

Targeting a MAP > 65 mm Hg is acceptable in resuscitated comatose
survivors of OHCA

It is reasonable to target a PaO, between 68 and 105 mm Hg in the early
phase of care for comatose patients with resuscitated out-of-hospital cardiac
arrest. Emphasis should be placed on avoiding hypoxemia (PaO, < 68 mm
Hg) and excessive hyperoxemia (PaO, > 195 mm Hg)

In patients who require mechanical ventilation after a resuscitated OHCA, it is
reasonable to target normocapnia (PaCO, 35-45 mm Hg)

In patients who are intubated after a cardiac arrest, antibiotics should be
reserved for patients with clinically suspected or confirmed bacterial
pneumonia
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Seizure treatment

GPDs

N

In patients with resuscitated OHCA who remain comatose with
electroencephalographic seizures with a continuous, nonsuppressed EEG
background, treatment with antiseizure and sedative medications is
reasonable, especially if no other indicators of poor prognosis are present

Patients with resuscitated OHCA who remain comatose with GPDs on EEG
are unlikely to benefit from GPD suppression

Refractory cardiac arrest

New or revised

2017 CCS psoition statement' '

2024 Expert opinions

Antiarthythmic drug selection

Defibrillation strategies

eCPR

N

N

In patients with an OHCA who remain in VF or pVT after 1 or more
defibrillation attempts, either amiodarone or lidocaine may be administered,
particularly in patients with witnessed arrest

In patients with OHCA refractory (defined as no termination after 3 shocks)
shockable rhythm, double sequential or vector change defibrillation, when
equipment and training is available, can be considered

eCPR should not be routinely used, but may be considered in highly selected
patients with refractory cardiac arrest (> 5-15 minutes) with limited
comorbidities and a witnessed cardiac arrest with a targeted cardiac arrest to
cannulation time of < 60 minutes

¢CPR can be considered in centres with established VA-ECMO programs and
formalized integrated eCPR clinical pathways

If eCPR is considered, the target arrest to cannulation time is < 60 minutes
and the target hospital arrival to cannulation time is < 30 minutes

Systems of care

New or revised

2017 CCS psoition statement' '

2024 Expert opinions

R

e We recommend that clinicians who care for OHCA survivors ensure timely
access to appropriate specialized post-ROSC care as needed, such as
cardiology, PCI, cardiac surgery, electrophysiology, neurology, and
intensive care consultation (Strong Recommendation; Low-Quality
Evidence)

Patients with ROSC after an OHCA who do not have a STEMI should be
transported to the nearest ED. After initial evaluation and stabilization, it is
reasonable to consider admission to a hospital capable of integrating their
post-OHCA care with comprehensive on-site cardiovascular, neurology,
critical care, and secondary prevention services depending on local
geographic resources

CCS, Canadian Cardiovascular Society; ECG, electrocardiogram; eCPR, extracorporeal membrane oxygenation-assisted cardiopulmonary resuscitation; ED, emergency department; EEG, electroencephalogram;

GPD, generalized periodic discharge; MAP, mean arterial pressure; MV, mechanical ventilation; N, new; OHCA, out-of-hospital cardiac arrest; PaCO,, partial pressure of arterial carbon dioxide; PaO»,, partial pressure of

arterial oxygen; PCI, percutaneous coronary intervention; PPCI, primary percutaneous coronary intervention; pVT, pulseless ventricular tachycardia; R, revised; ROSC, return of spontaneous circulation; STEMI, ST-

elevation myocardial infarction; TTM, targeted temperature management; VA-ECMO, venoarterial extracorporeal membrane oxygenation; VF, ventricular fibrillation.
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ii) Coronary angiography in patients with OHCA
without a STEMI. The efficacy and safety of immediate vs
delayed coronary angiography in comatose survivors of OHCA
without ST-segment elevation has been examined in 6 multi-
centre RCTs (Supplemental Table S1)."°'% In the Coronary
Angiography After Cardiac Arrest (COACT) trial 552 patients
with OHCA without ST-segment elevation and a shockable
thythm were randomized to immediate vs delayed coronary
angiography (median time from arrest to coronary angiography
was 2 and 122 hours, respectively).'” There was no significant
difference in survival at 90 days for immediate vs delayed
angiography (64.5% and 67.2%). In the Immediate Unselected
Coronary Angiography Versus Delayed Triage in Survivors of
Out-of-hospital Cardiac Arrest Without ST-segment Elevation
(TOMAHAWK) trial 554 patients with OHCA from a sus-
pected coronary origin with either shockable or nonshockable
rhythm were randomized to immediate vs delayed coronary
angiography (median time from arrest to coronary angiography
was 3 and 47 hours)."* Overall survival at 30 days did not differ
significantly for the 2 strategies (46.0% with immediate and
54.0% with delayed angiography; P = 0.06). A meta-analysis
of the 6 RCTs performed to date showed no significant dif-
ference in survival with a good neurological outcome, duration
of mechanical ventilation, or intensive care length of stay with
early (with trial definitions ranging from immediately after to
within 2 hours of randomization) vs delayed coronary angiog-
raphy.'” Several factors might account for the lack of benefit of
early angiography in OHCA survivors without ST-segment
elevation. These include the heterogenous population in the
included studies, the relatively low incidence of acute unstable
culprit coronary lesions found in this cohort (13.6%-46.9% of
coronary angiograms),'” and the competing risk of death from
severe neurological dysfunction, which might not be modulated
by early coronary angiography.

Canadian Journal of Cardiology
Volume 40 2024

Although routine early coronary angiography is not bene-
ficial in comatose survivors of OHCA without STEMI, pa-
tient subgroups at high risk of adverse events warrant
consideration for immediate angiography.

These include patients with cardiogenic shock, high-risk
ischemic ECG changes, or recurrent unstable ventricular ar-
rthythmias believed to be related to ongoing ischemia.

Expert Opinion: In patients who are comatose after a
resuscitated OHCA without ST-segment elevation on the
initial ECG, delaying coronary angiography may be consid-
ered unless high-risk cardiovascular features are present such
as hemodynamic instability, high-risk ischemic ECG changes,
or recurrent, or unstable ventricular arrhythmias believed to
be related to ongoing ischemia.

Temperature control

For the purposes of this CPU, temperature control is
defined as active regulation of temperature after cardiac arrest.
Animal models and early RCT's have suggested that lowering
core body temperature after return of spontaneous circulation
(ROSC) after cardiac arrest might improve neurological out-
comes and survival. The 2017 CCS position statement sug-
gested that “targeted temperature management” be considered
for all unresponsive post-ROSC patients with a recommended
target temperature of 33°C-36°C for at least 24 hours."'
Several RCTs, summarized in Table 2, have subsequently
evaluated different temperature control targets, durations, and
populations, providing additional evidence to guide clinical
practice. The degree of neurological impairment required to
initiate temperature control is not universally defined and in-
clusion criteria used in RCTs vary. The Targeted Temperature
Management 2 (TTM2) trial defined “unconscious” as the
inability to obey verbal commands.”” The 2017 CCS position

ROSC following OHCA

of circulati

L 4

airway, and breathing

and assessment for reversible causes of cardiac arrest

A 4

Suspected cardiac cause

2

ST-segment elevation
myocardial infarction

4

Immediate coronary angiography
and primary PClI, or fibrinolytic
therapy in settings where timely
primary PCl is not available

2 4

No ST-segment elevation
myocardial infarction

L 4

High risk cardiovascular features on initial presentation or

ion such as h

during ad
ECG changes, or recurrent and/or unstable ventricular
arrhythmias felt to be related to ongoing ischemia

dynamic instability, high risk

¥ NO & YES
R ble to delay " isi Reasonable to
to pursue coronary angiography consider immediate

until after early post cardiac arrest
care and neuroprognostication

coronary angiography

Figure 1. Timing of coronary angiography during post cardiac arrest care. ECG, electrocardiogram; OHCA, out-of-hospital cardiac arrest; PCI,
percutaneous coronary intervention; ROSC, return of spontaneous circulation.



Table 2. Summary of randomized trials that targeted different temperatures and trials that assessed the duration of active temperature control

Trial (enrollment)

Target temperature trials

Temperature duration trials

TTM2% (2021)
(n = 1861)

CAPITAL CHILL*
(2021)
(n = 367)

HACA In-Hospital®*
(2022)
(n = 242)

HYPERION®' (2019)
(n = 581)

TTH48> (2017)
(n = 351)

BOX (2023)
(n = 789)

Intervention

Age, years
Male sex, n (%)
Initial shockable rhythm,
n (%)
Location, n (%)
OHCA
IHCA
Witnessed arrest, n (%)
Median time to ROSC,
minutes
Total follow-up duration
Primary outcome (2 value)

Secondary outcomes (P
value)

Mild hypothermia (33°C)
vs normothermia

(£ 37.5°C)

62
1477 (79)
1371 (74)

1861 (100)
0 (0)
1702 (91)
25

180 days
All-cause death, 50% vs
48% (NS)

o Moderately severe

disability 55% vs 55%
(NS)

e Hemodynamically

significant arrhythmia in
33°C, 24% vs 17%
(< 0.001)

Moderate hypothermia
(31°C) vs mild
hypothermia (34°C) for
24 hours

61
298 (81)
316 (86)

367 (100)
0 (0)
309 (84)
21

180 days
All-cause mortality or poor
neurological outcome,

48.4% vs 45.4% (NS)

o All-cause mortality at
180 days, 43.5% and
41% (NS)

e Longer median ICU-
LOS in 31°C, 10 vs 7
days (0.004)

Mild hypothermia (32°C-
34°C) vs normothermia

(£37.5°C)

72
152 (64)
57 (24)

0 (0)
235 (97)
166 (73)
16 (mean)

180 days
All-cause mortality, 72.5%
vs 71.2% (NS)

e In-hospital  mortality,
62.5% vs 57.6% (NS)

e Favourable neurological
outcome (CPC 1-2) at
180 days, 22.5% vs
23.7% (NS)

e No

Mild hypothermia (33°C)
vs normothermia

(36.5°C-37.5°C)

67 (median)
373 (64)
0

422 (73)

159 (27)

547 (94)
18

90 days
Survival with a favourable
neurological outcome
(CPC 1-2) in 33°C,
10.2% vs 5.7% (0.04)

e All-cause death at 90

days of 81.3% vs 83.2%
(NS)

differences  in
adverse events among
groups

e All-cause

Mild hypothermia (33°C)
24 vs 48 hours

60
295 (83)
312 (88)

351 (100)
0 (0)
322 (92)
20.5

180 days
Favourable neurological
outcome (CPC 1-2),
64% vs 69% (NS)

death at 6
months of 34% vs 27%
(NS)

e More patients with hy-

potension in the 48-
hour group, 62% vs
49% (0.013)

Mild hypothermia (36°C)
for 24 hours followed by
12 vs 48 hours of fever
prevention (total 36 vs
72 hours)
62
636 (81)
665 (84)

789 (100)
0 (0)
672 (85)
21

90 days
All-cause death or
discharge with severe
cerebral disability or

coma, 32.3% vs 33.6%
(NS)

e All-cause death at 90

days of 29.5% vs 30.3%
(NS)

e MoCA at 3 months of

26 and 27 (NS)

BOX, Blood Pressure and Oxygenation Targets in Post Resuscitation Care; CAPITAL CHILL, Mild vs Moderate Therapeutic Hypothermia in Out-of-Hospital Cardiac Arrest Patients; CPC, cerebral performance
category; HACA In-Hospital, Hypothermia After In-Hospital Cardiac Arrest; HYPERION, Therapeutic Hypothermia After Cardiac Arrest in Non-Shockable Rhythm; ICU-LOS, intensive care unit length-of-stay;
IHCA, in-hospital cardiac arrest; MoCA, Montreal Cognitive Assessment; NS, not significant; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation; TTH48, Time-Differentiated Thera-
peutic Hypothermia 48; TTM2, Targeted Temperature Management 2.
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Critical Care
(48-72 hours)

Neuroprognostication
(48 hours to 5 days)

Hospital Arrival

2

SUPPORTIVE
INTERVENTIONS

L 2

TARGETED
INTERVENTIONS

CARDIAC SPECIFIC
INTERVENTION

Q a @ ]J ° &‘ — iﬂ

o o

Angiography

Temperature  Antibiotics Seizures As per CCS
m MAP PaO, PaCO, Control (Anytime) Neuroprognostication
v Target Target Target i l l Position Statement’
STEMI i l l
YES NO <37.5°C for at For Treatment with

>65 68-105 35-45 least 72 hours confirmed or antiseizure
mm Hg mm Hg mm Hg in patients suspected and sedative
Treatment as per Delayed angiography not purposefully ! 3 Tetitrg

CCS STEMI

Guidelines*

unless high risk

responding to
features present**

verbal commands

* Wong et al. Can | Cardiol 2019;35:107-132.
TFordyce et al. Can ) Cardiol 2023;39:366-380.
** High risk features include F dy ic i ility, high risk i

ic ECG changes, or recurrent and/or unstable ventricular arrhythmias.

Figure 2. Summary of contemporary hospital-based best care practices for patient with a resuscitated cardiac arrest. CCS, Canadian Cardiovas-
cular Society; ECG, electrocardiogram; MAP, mean arterial pressure; PaCO,, partial pressure of arterial carbon dioxide; PaO,, partial pressure of
arterial oxygen; STEMI, ST-segment elevation myocardial infarction. *Wong et al.”® TFordyce et al.>* **High-risk features include hemodynamic

instability, high-risk ischemic ECG changes, or recurrent and/or unstable ventricular arrhythmias.

statement used the term “unresponsive,” which was defined as
“the absence of purposeful response to verbal commands.”"’

Temperature control can be achieved using intravascular/
invasive methods or external surface cooling devices. Sub-
studies of the Targeted Temperature Management at 33°C
versus 36°C After Cardiac Arrest (TTM) trial and the Time-
Differentiated Therapeutic Hypothermia 48 (TTH48)
showed no mortality or neurological outcome differences
between strategies.21’22 However, 1 RCT showed higher
bleeding complication rates associated with endovascular
cooling,”> We advocate that all patients who undergo tem-
perature control should receive continuous core temperature
monitoring. In-hospital temperature control and management
best practices are summarized in Figure 2.

i) Timing of temperature control initiation. It has been
postulated that prehospital cooling might reduce the time to
achieve temperature targets and reduce the potential for early
neurological damage. However, this strategy has been associ-
ated with more complications and/or no benefit compared
with in-hospital initiation of temperature control. The Rapid
Infusion of Cold Normal Saline (RINSE) trial used a 2-L cold
saline infusion vs standard of care during prehospital cardiac
arrest in 1198 patients. The cold saline group had lower rates
of ROSC (41.2% vs 50.6%), a higher incidence of acute
pulmonary edema, and no improvement in survival to
discharge (10.2% vs 11.4%).”* In the Initiation of Cooling by
Emergency Medical Services to Promote the Adoption of In-
hospital Therapeutic Hypothermia in Cardiac Arrest Survivors
(ICEPACS) trial 585 patients were randomized to prehospital

cooling with ice packs and cold saline initiated 5 minutes after

ROSC vs standard of care and showed no difference in the
secondary outcome of survival with good neurological func-
tion (29.3% vs 25.1%).”° In the Prehospital Resuscitation
Intranasal Cooling Effectiveness Survival Study (PRINCESS)
trial 677 patients were randomized to prehospital transnasal
evaporative cooling vs standard of care and showed no dif-
ferences in survival with good neurological outcome at 90 days
(16.6% vs 12.5%).°

Expert Opinion: It is reasonable to initiate temperature
control as soon as possible after hospital arrival and not in the
prehospital environment.

ii) Temperature targets. The 2017 CCS position statement
recommended a temperature control range of 33°C-36°C on
the basis of the TTM trial, the Hypothermia After Cardiac
Arrest (HACA) study, and the study from Bernard et al.”” "’
The TTM trial showed no difference in all-cause mortality in
950 patients randomized to mild hypothermia temperature
control targets (33°C vs 36°C). Since 2017, several RCTs
have helped further refine optimal temperature control targets.
The largest and most methodologically robust trial of tem-
perature control in patients with OHCA is the TTM2 trial,
which randomized 1900 patients (72% shockable and 28%
nonshockable rhythms, 90% witnessed arrest, 78% bystander
cardiopulmonary resuscitation [CPR], 40% STEMI) to mild
hypothermia (33°C for 28 hours followed by controlled
rewarming to 37°C until 40 hours) or normothermia
(maintenance of temperature at 37.5°C for 40 hours with
active cooling initiated only if the temperature reached
37.8°C).”" After the 40-hour intervention period both groups
continued with a common normothermia strategy with a
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target temperature between 36.5°C and 37.7°C for 72 hours
after randomization. There was no difference in the primary
outcome of 6-month all-cause death (50.3% vs 48.2%), or the
secondary outcome of a poor neurological function, defined as
a score of 4-6 on the modified Rankin scale (55.4% vs
55.3%), among the treatment strategies. No differences in
treatment effect were noted in predefined subgroups including
shockable vs nonshockable rhythms or time to ROSC < 25
minutes. Adverse events were similar among the groups except
for a greater incidence of hemodynamically significant ar-
thythmias in the mild hypothermia arm (23.9% vs 16.5%).
Trial strengths included size, protocolization of withdrawal of
life-sustaining therapy, and neurological outcome assessments
by trained assessors. However, the greater proportion of wit-
nessed OHCAs with bystander-initiated CPR compared with
many population-based registries might limit its generaliz-
ability. In the Mild vs Moderate Therapeutic Hypothermia in
Out-of-Hospital Cardiac Arrest Patients (CAPITAL CHILL)
trial 367 patients with OHCA (86% shockable, 33% STEMI)
were randomized to mild (34°C) vs moderate (31°C) hypo-
thermia and no difference in 180-day all-cause mortality or
poor neurological outcome (45.4% vs 48.4%) was shown,
suggesting no benefit to moderate hypothermia.” Notably,
there are no trials that have compared normothermia/fever
prevention with a fever treatment approach.

In the Therapeutic Hypothermia After Cardiac Arrest in
Non-Shockable Rhythm (HYPERION) trial 584 resuscitated
patients with cardiac arrest with nonshockable rhythms (80%
asystole, 94% bystander witnessed arrests, 70% bystander
performed CPR) were randomized to mild hypothermia
(33°C) or normothermia (37°C) for 24 hours. HYPERION
included patients with in-hospital cardiac arrest (IHCA) and
OHCA (72.6%).”" The primary outcome (90-day survival
with favourable neurological outcome, defined as cerebral
performance category [CPC] of 1 or 2) occurred more
frequently in the mild hypothermia group compared with the
normothermia group (10.2% vs 5.7%), but there was no
difference in all-cause mortality (81.3% vs 83.2%). The study
had several limitations: a concern regarding its generalizability
(2139 of 2723 patients screened for eligibility did not meet
inclusion criteria [eg, moribund condition, hemodynamic
instability, late presentation, long no- or low-flow times]), the
reliability of neurological status assessments done in telephone
interview, and a low fragility index of 1 (a change of only 1
event would result in a loss of statistical significance). In
contrast to the HYPERION results, a prespecified subgroup
analysis of 490 patients in the TTM2 trials with nonshockable
rhythm showed no heterogeneity in treatment effect.”” Thus,
there are insufficient data to support a target temperature of
33°C as an alternative temperature target in patients with
OHCA with nonshockable rhythm and targeting a uniform
temperature (< 37.5°C) might reduce institutional protocol
complexities.

In the Hypothermia After In-Hospital Cardiac Arrest
(HACA In-Hospital) trial 249 patients with IHCA (70%
non-shockable, 65% cardiac etiology, 73% witnessed) were
randomized to mild hypothermia (32°C-34°C) vs normo-
thermia (target < 37.5°C).”” No difference was observed in
the incidence of all-cause mortality (72.5% vs 71.2%) or
favourable neurological outcome (22.5% vs 23.7%) between
groups at 180 days. These results were consistent for IHCA

531

patients with shockable and nonshockable rhythms. However,
the study was underpowered and 25% of patients in the hy-
pothermic arm did not reach their intended target tempera-
ture. The subgroup with the least RCT evidence is IHCA
with a shockable rhythm. In this trial, 24% of patients had a
shockable rhythm. A prespecified subgroup analysis of pa-
tients with shockable and nonshockable rhythms showed no
difference for mild hypothermia compared with normo-
thermia.”” Because of the limitation of IHCA literature and
lack of clear benefit of a strategy beyond targeted normo-
thermia, there is insufficient evidence to support alternative
temperature targets in this patient cohort.

Expert Opinion: In patients who do not purposefully
respond to verbal commands after a resuscitated OHCA with
an initial shockable rhythm, it is reasonable to target a core
temperature target of < 37.5°C.

Expert Opinion: In patients who do not purposefully
respond to verbal commands after a resuscitated OHCA with
an initial nonshockable rhythm, it is reasonable to target a
core temperature target of < 37.5°C.

Expert Opinion: In patients who do not purposefully
respond to verbal commands after a resuscitated IHCA with
an initial shockable or nonshockable rhythm, it is reasonable
to target a core temperature target of < 37.5°C.

iii) Duration of temperature control. Early mild hypo-
thermia trials protocolized a temperature intervention dura-
tion of 12-36 hours.”” ™’ In the TTH48 trial 355 patients
with resuscitated OHCA were randomized to 24 vs 48 hours
of mild hypothermia (33°C) and showed no difference in the
rates of favourable neurological outcomes at 6 months.”
However the 48-hour arm had a greater incidence of hypo-
tension and longer median intensive care length-of-stay. In the
Blood Pressure and Oxygenation Targets in Post Resuscita-
tion Care (BOX) trial 789 unconscious resuscitated patients
with OHCA were randomized to 36 vs 72 hours of fever
prevention and also showed no difference in all-cause death
within 90 days (29.5% vs 30.3%) or discharge with severe
cerebral impairment or coma at 90 days (32.3% vs 33.6%).>"
Finally, the TTM2 trial protocolized temperature control for
72 hours.” Although there are few data to support the use of
temperature control beyond 72 hours, secondary brain injury
from increased intracranial pressure and fever-mediated injury
might persist beyond this time. Therefore, maintaining tem-
perature control beyond the durations tested in existing ran-
domized trials might be reasonable.

Expert Opinion: In patients who do not purposefully
respond to verbal commands after resuscitated cardiac arrest, it
is reasonable to continue temperature control for at least 72
hours.

Blood pressure targets in comatose survivors of cardiac
arrest

Adequate cerebral oxygen delivery is an important
consideration to mitigate brain injury after OHCA. Mean
arterial pressure (MAP), urine output, and serum lactate levels
are readily available surrogates of end organ perfusion that are
associated with clinical outcomes in critically ill patients. MAP
target recommendations for post cardiac arrest care have been
traditionally on the basis of observational studies and/or
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extrapolation of clinical trials on other critical illnesses.
However, OHCA is a distinctive critical illness phenotype
characterized by severe neurological injury and a post cardiac
arrest syndrome, in which patients with impaired cerebro-
vascular autoregulation might require higher MAP for
adequate cerebral perfusion.”

The 2017 CCS post cardiac arrest position statement
suggested a MAP target of > 65 mm Hg in comatose survi-
vors of OHCA."" Three RCTs have since examined the ef-
ficacy and safety of higher MAP targets during post cardiac
arrest care.”*”® The BOX trial randomized 789 patients to a
MAP target of 77 mm Hg or 63 mm Hg and showed no
significant difference in the primary outcome of death or se-
vere neurological dysfunction at 90 days (33.8% vs 32.1,
respectively; P = 0.56).”° Acute kidney injury requiring renal
replacement therapy, neuron-specific enolase concentrations
at 48 hours, or median cognitive assessment scores at 3
months were also similar. In the Neuroprotective Goal
Directed Hemodynamic Optimization in Post-cardiac Arrest
Patients (NEUROPROTECT) trial 112 patients were ran-
domized to conventional care (MAP > 65 mm Hg) or a goal-
directed hemodynamic strategy consisting of a MAP of
85-100 mm Hg and a mixed venous oxygen saturation of
65%-75%."" A goal-directed hemodynamic strategy did not
reduce the primary outcome of severity of anoxic brain injury
on magnetic resonance imaging. In the Carbon Dioxide,
Oxygen and Mean Arterial Pressure After Cardiac Arrest and
Resuscitation (COMACARE) trial 123 patients were ran-
domized to a MAP target of 65-85 mm Hg or 80-100 mm Hg
and no difference was shown in the primary outcome of
neuron-specific enolase concentration at 48 hours.”® Higher
MAP targets were feasible and safe in all studies but required
higher doses of vasoactive agents. A limitation in the design of
existing trials is that the optimal MAP after OHCA might
vary from patient to patient and be largely dependent on the
presence or absence of cerebrovascular dysregulation. In
addition, in the BOX trial, the mean difference in MAP was
11 mm Hg (which was below the expected 14 mm Hg) and
the higher MAP target of 77 mm Hg was well below the
estimated threshold required to maintain adequate cerebral
perfusion in the presence of cerebrovascular dysregula-
tion.”>” Despite some limitations, these new data do
not support changes to the previously suggested MAP target
of > 65 mm Hg.

Expert Opinion: Targeting a MAP of > 65 mm Hg is
acceptable in resuscitated comatose survivors of OHCA.

Optimal oxygenation targets

The 2017 CCS position statement post arrest position
statement suggested titrating partial pressure of arterial oxygen
(PaO,) levels to between 60 mm Hg and 200 mm Hg.11
However, the available evidence was limited to observational
data. Two randomized trials (BOX and Reduction of Oxygen
After Cardiac Arrest [EXACT]) and a prespecified secondary
analysis of the TTM2 trial have subsequently examined
oxygenation targets in patients with resuscitated OHCA.

In the BOX trial 789 OHCA survivors were randomized to
a restrictive (PaO, 68-75 mm Hg) or liberal (PaO, 98-105
mm Hg) oxygenation strategy for up to 5 days post-
randomization or until removal of the arterial catheter.”’
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There were no significant differences in the composite pri-
mary end point of all-cause mortality or hospital discharge
with severe disability or coma at 90 days for the restrictive and
liberal oxygenation arms (32.0% vs 33.9%, respectively). The
incidence of adverse events was similar among the 2 groups. It
should be noted that the restrictive and liberal arms were
within the “normoxia” range, which might explain the lack of
difference among the 2 groups.

In the EXACT trial the effect of a lower peripheral O,
saturation target among OHCA survivors in a prehospital
setting was assessed.”’ Unfortunately, the trial was stopped
prematurely due to enrollment difficulties related to COVID-
19 and was therefore underpowered. A lower peripheral O,
saturation target of 90%-94% in a prehospital setting after
OHCA did not improve survival to hospital discharge
compared to a target of 98%-100%.

Finally, a prespecified secondary analysis of the TTM2 trial
measured the PaO, in 1418 patients for 72 hours post
randomization.”” Compared with normoxia, hypoxemia
(PaO, < 69 mm Hg) and hyperoxemia (PaO, > 195 mm
Hg) were significantly associated with mortality in a “U sha-
ped” relationship. However, neither hypoxemia nor hyper-
oxemia were shown to be associated with worse neurological
outcome. Increased time exposure to hyperoxemia was asso-
ciated with an increased risk of 6-month mortality. It is
noteworthy that BOX and the TTM2 subanalysis enrolled
OHCA populations with high rates of shockable rhythms and
bystander CPR, which might reduce the external validity of
the trial results.

Expert Opinion: It is reasonable to target a PaO, between
68 and 105 mm Hg in the early phase of care for comatose
patients with resuscitated OHCA. Emphasis should be placed
on avoiding hypoxemia (PaO” < 68 mm Hg) and excessive
hyperoxemia (PaO, > 195 mm Hg).

Partial pressure of arterial carbon dioxide targets

The partial pressure of arterial carbon dioxide (PaCO,) is a
regulator of cerebrovascular blood flow.” Although hyper-
capnia increases cerebrovascular blood flow, might improve
cerebral oxygen saturations, and attenuates neuron-specific
enolase release, observational studies have shown an incon-
sistent link between hypercapnia and improved clinical
outcomes.”>*” In contrast, hypocapnia might reduce cerebral
blood flow and has been associated with increased in-hospital
mortality in patients with resuscitated OHCA and ROSC, but
high-quality RCTs are lacking.***®

In the Targeted Therapeutic Mild Hypercapnia After
Resuscitated Cardiac Arrest (TAME) trial adult patients with
resuscitated OHCA from a presumed cardiac (or unknown)
cause with ROSC > 20 minutes and a Full Outline of Un-
responsiveness (FOUR) score < 4, were randomly assigned to
mild hypercapnia (PaCO, 50-55 mm Hg) or normocapnia
(PaCO; 35-45 mm Hg) target PaCO, ranges for 24 hours.*®
Patients with a ROSC to screening time > 180 minutes and
unwitnessed asystole were excluded. The study protocolized
deep sedation for 24 hours with no adjustment of PaCO, or
pH. The study enrolled 1700 patients and showed no dif-
ference in favourable neurological outcomes at 6 months in
the mild hypercapnia arm (43.5%) compared with the nor-
mocapnia arm (44.6%). Similarly, there was no significant
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difference in 6-month all-cause mortality (48.2% vs 45.9%)
or adverse events. During the 24-hour intervention period,
the mild hypercapnia group required more neuromuscular
blockade use and had a lower pH, but the MAP was similar in
both groups. Weaknesses of the trial include the unblinded
design, missing outcomes in 7.6% of participants, and non-
protocolized withdrawal of life-sustaining therapy.

Expert Opinion: In patients who require mechanical
ventilation after a resuscitated OHCA, it is reasonable to
target normocapnia (PaCO, 35-45 mm Hg).

Routine antibiotic prophylaxis for aspiration pneumonia

Infectious complications are common in comatose patients
with resuscitated OHCA, with pneumonia rates as high as
50% in RCT populations.zo‘27 However, most deaths after
cardiac arrest result primarily from severe anoxic brain injury,
cardiovascular failure, or multiorgan dysfunction and not in-
fectious causes. Therefore, it is unclear if a strategy of pro-
phylactic antibiotics will improve overall outcomes in the
OHCA population.

A small, randomized pilot study previously showed no
improvement in postresuscitation pneumonia or other clinical
outcomes with the use of prophylactic antibiotics in this pop-
ulation.”” In the more recent Antibiotherapy During Thera-
peutic Hypothermia to Prevent Infectious Complications
(ANTHARTIC) trial 194 patients with resuscitated OHCA,
who presented inidally with a shockable rhythm and under-
went targeted temperature management (32°C-34°C), were
randomly assigned to empiric antibiotic therapy (amoxicillin-
clavulanate for 2 days) or placebo.”” The primary outcome of
ventilator-associated pneumonia during the first 7 days of
hospitalization was significantly lower in the antibiotic pro-
phylaxis group (19.2% vs 33.7%). However, patient-centred
outcomes such as 28-day mortality, favourable neurological
outcome, intensive care unit length of stay, or ventilator-free
days were similar in both groups. Therefore, at present, the
evidence does not support routine prophylactic antibiotic use
after OHCA to improve patient-centred outcomes.

Expert Opinion: In patients who are intubated after a
cardiac arrest, antibiotics should be reserved for patients with
clinically suspected or confirmed bacterial pneumonia.

Treatment of seizures and high-risk
electroencephalography patterns

Post cardiac arrest seizures and rhythmic and periodic
electroencephalography (EEG) patterns (RPP), especially
generalized periodic discharge (GPD) might be associated
with a poor neurological prognosis.”’ Whether suppression of
these patterns improves outcomes remains unclear. Moreover,
studies have reported good outcomes in patients treated for
status epilepticus post OHCA provided no other unfavourable
prognostic indicators were present.”” To further investigate
this question, in the Treatment of Electroencephalographic
Status  Epilepticus After Cardiopulmonary Resuscitation
(TELSTAR) trial 172 comatose OHCA survivors with RPP
on continuous EEG monitoring were randomized to stepwise
antiseizure and sedation-based suppression for at least 48
hours or standard of care.”” Complete suppression was ach-
ieved in 56% in the antiseizure arm and in 2% in the control
arm. At 3 months, no differences in poor CPC scores of 3-5
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(90% vs 92%) or mortality (80% vs 82%) were reported in
the intervention and control groups, respectively. The study
has several important considerations that preclude general-
ization to all patients with RPPs and seizures. The study was
open-label, which might have influenced medical therapies
and withdrawal of life support decisions. Mortality was high in
both groups and mostly related to withdrawal of life support
(including 7.5% within 24 hours postarrest) because of
perceived poor prognosis suggesting the potential for positive
verification bias. GPDs (considered a highly malignant
pattern)’" were documented in 79% of the patients, 57% had
myoclonus, and > 30% who underwent somatosensory
evoked potentials had bilaterally absent bilateral N20s, sug-
gesting that many of the RPP patterns being treated were
epiphenomena of established severe hypoxic ischemic brain
injury. Only 21% had non-GPD patterns and less than half of
these patients had seizures. In a prespecified subgroup anal-
ysis, a nonsignificant trend toward better outcomes among
patients with seizures was observed in the intervention arm.

Expert Opinion: In patients with resuscitated OHCA who
remain comatose with electroencephalographic seizures with a
continuous, nonsuppressed EEG background, treatment with
antiseizure and sedative medications is reasonable, especially if
no other indicators of poor prognosis are present.

Expert Opinion: In patients with resuscitated OHCA who
remain comatose with GPDs on EEG are unlikely to benefit
from GPD suppression.

Refractory Cardiac Arrest Treatment

The trials presented in this section were all conducted in
the prehospital phase of care. Although patients were not
enrolled after hospital admission, the strategies presented for
refractory prehospital cardiac arrest interventions might also
translate to the hospital phase of care. An approach to re-
fractory cardiac arrest is summarized in Figure 3.

Antiarrhythmic drug selection for patients with a
refractory cardiac arrest with a shockable rhythm

Ventricular fibrillation (VF) or pulseless ventricular tachy-
cardia (pVT) refractory to external defibrillation is associated
with decreased survival in patients with OHCA.”* Small trials
inidally reported that the administration of amiodarone,
compared with lidocaine or placebo, was associated with higher
rates of ROSC and survival to hospital admission.””” How-
ever, the trials did not address whether amiodarone or lidocaine
improved survival to hospital discharge or survival with
favourable neurological outcomes. In the Amiodarone, Lido-
caine, or Placebo Study (ALPS) study 3026 patients with an
OHCA with shock-refractory VF or pVT after one or more
defibrillation attempts were randomized to inital amiodarone
(300 mg [150 mg in patients < 100 pounds] intravenous
bolus), lidocaine (120 mg [60 mg, in patients < 100 pounds]
intravenous bolus), or placebo.”” There was no significant
difference among the groups in the primary outcome of survival
to hospital discharge (24.4%, 23.7%, and 21.0%, respectively).
The trial might have been underpowered because the overall
and treatment-related survival differences reported in the 3
groups were less than previously estimated. The incidence of
the secondary outcome of survival with favourable neurological
function (defined as a modified Rankin score of < 3) was also
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Figure 3. Strategies to potentially improve survival in patients with refractory cardiac arrest. eCPR, extracorporeal cardiopulmonary resuscitation;
VA-ECMO, venoarterial extracorporeal membrane oxygenation; VF, ventricular fibrillation; VT, ventricular tachycardia.

similar in the amiodarone, lidocaine, and placebo groups
(18.8%, 17.5%, 16.6%, respectively). Notably, the survival
rate was higher with amiodarone (27.7%) and lidocaine
(27.8%) compared with placebo (22.7%) among the 1934
patients with a bystander-witnessed arrest. Other notable pre-
specified exploratory outcomes included higher rates of survival
to hospital admission, fewer shocks needed to terminate ar-
rhythmias after admission to hospital, a reduced need for CPR
during hospitalization among patients who received amiodar-
one or lidocaine (vs placebo) in the shock-refractory arrest
setting, and higher rates of ROSC at emergency department
(ED) arrival with patients who received lidocaine compared
with placebo. However, these differences did not translate into
overall improved survival to hospital discharge or higher rates of
favourable neurological outcomes. Also, it remains unclear
whether these results can be extrapolated to the IHCA
population.

Expert Opinion: In patients with an OHCA who remain
in VF or pVT after 1 or more defibrillation attempts, either
amiodarone or lidocaine may be administered, particularly in
patients with witnessed arrest.

Defibrillation strategies patients with refractory cardiac
arrest with shockable rhythms

High-quality compressions and early defibrillation are the
only interventions that reduce mortality in patients with VF
or pVT. Despite technological advances and public health
initiatives, up to 45% of patients with shockable OHCA
remain in refractory VF/ventricular tachycardia, typically
defined as the absence of ROSC after 3 shocks at 2-minute
intervals.”®”’

There have been small studies to evaluate different defi-
brillation strategies in patients with refractory shockable car-
diac arrest including anterolateral vs anteroposterior pad
placement, the use of paddles vs adhesive pads, or anatomic

chest compression (compressing the chest and left ventricle
with pressure in the midchest at the internipple line) that
showed no clear differences in outcomes.’’ In addition, 4
RCTs and a systematic review showed no difference in ROSC
or mortality in comparisons of monophasic vs biphasic
defibrillation.”’

New strategies such as double sequential defibrillation (2
shocks from 2 separate defibrillators with anterolateral and
anteroposterior pad placement) have been postulated to
improve defibrillation success by immediately delivering a
second shock after the heart is preconditioned by the first. In
the Double Sequential External Defibrillation for Refractory
Ventricular Fibrillation (DOSE VEF) trial 405 prehospital
patients with refractory VF/ventricular tachycardia (no
response to 3 standard shocks) were randomized to double
sequential external defibrillation, or a vector change defibril-
lation (moving from anterolateral to anteroposterior), or
standard anterolateral defibrillation.”” ROSC rates in the
double sequential, vector change, and standard defibrillation
arms were 46.4%, 35.4%, 26.5%, respectively. In the
intention to treat analysis, double sequential (30.4%) and
vector change (21.7%) significantly improved the primary
outcome of survival to hospital discharge compared with
standard defibrillation (13.3%). Survival with good neuro-
logical recovery was only significantly higher with double
sequential (27.4%) compared with standard defibrillation
(11.2%). Although the study results are encouraging, the trial
had several important methodological limitations, which
included early termination because of COVID-19, a lower
than expected event rate, a low fragility index, a high crossover
rate (12.3%), and a per-protocol analysis that showed no
outcome differences. Considering the large investment in
infrastructure/training, stronger evidence is required to inform
large-scale changes in advanced cardiac life support (ACLS).
Nevertheless, consideration of these strategies might still be
reasonable because of the low risk of the intervention along
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with the potential for improved ROSC and patient survival if
and when equipment and training is readily available.
Expert Opinion: In patients with OHCA and a refractory
(defined as no termination after 3 shocks) shockable rhythm,
double sequential or vector change defibrillation, when
equipment and training is available, can be considered.

Extracorporeal membrane oxygenation-assisted CPR

With the increasing use of venoarterial extracorporeal
membrane oxygenation (ECMO) in patients in cardiogenic
shock, there has been a parallel increase of extracorporeal CPR
(eCPR) for patients with refractory cardiac arrest. The appli-
cations of eCPR restores systemic perfusion thereby allowing
time for targeted investigations and therapies. However, eCPR
is resource- and cost-intensive, and RCTs of eCPR have
yielded conflicting results.

In a small single-centre feasibility study with expedited
transport to the ED for eCPR initiation (< 30 minutes from
911 call to ED arrival, for shockable and non-shockable
thythms), none of the 15 patients enrolled survived,
including the 5 who received eCPR of whom 3 received eCPR
within 30 minutes of arrival to the ED.®" In the single-centre
Advanced Reperfusion Strategies for Refractory Cardiac Arrest
(ARREST) trial eCPR was evaluated in 30 patients with re-
fractory OHCA with VF refractory to 2 shocks and an
anticipated transfer time < 30 minutes.”” Exclusion criteria
included catheterization lab unavailability or contraindication
to emergent angiography, trauma or burn-related injury,
drowning, or known overdose. Upon arrival to hospital, pa-
tients were randomized to receive eCPR in the catheterization
lab or standard ACLS in the emergency room. Survival to
hospital discharge was higher with eCPR compared with
standard ACLS (42.9% vs 6.7%). Survivors in the eCPR
group had favourable functional status (CPC < 2) and
modified Rankin score of < 2 up to 6 months post discharge.
This trial was terminated early because of the superiority of
eCPR and ethical concerns of withholding therapy.

In the Hyperinvasive Approach in Cardiac Arrest trial, an
early invasive strategy (eCPR if ROSC was not obtained en
route or upon hospital arrival) vs standard ACLS in 256
OHCA patients with shockable and nonshockable rhythms
was evaluated.”” Patients were identified by dispatch and
randomized in the field via a call with an eCPR centre
physician. The study included patients (18-65 years old) with
a witnessed arrest of presumed cardiac cause, with a minimum
of 5 minutes of ACLS without ROSC. Exclusion criteria
included suspected or confirmed pregnancy, stroke, known
severe chronic organ dysfunction, and bleeding diathesis or
recent intracranial bleeding. The investigators reported no
statistically ~ significant difference in survival with good
neurological outcome (CPC 1-2) at 180 days for the eCPR
(31.5%) and standard treatment (22.0%) arms (P = 0.09).
The risk of bleeding was higher with eCPR (31.0%) than in
the standard group (14.5%). The trial was terminated early
because of futility criteria.

In the recent multicentre Early Initiation of Extracorporeal
Life Support in Refractory Out of Hospital Cardiac Arrest
(INCEPTION) trial ¢CPR (upon hospital arrival) compared
with standard ACLS in 160 patients aged 18-70 years with a
witnessed cardiac arrest due to a shockable rhythm without
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ROSC after > 15 minutes of CPR was evaluated.®® The in-
vestigators excluded patients with > 60 minutes between
initial cardiac arrest to initiation of cannulation, those with
advanced comorbidities, or patients who had a valid do not
resuscitate order. The investigators reported no significant
difference in survival with a favourable neurological outcome
(CPC 1-2) at 30 days (20.0% with eCPR vs 16.1% with
ACLS; P = 0.52). Notably, the median time from initial
cannulation to start of ECMO flows were longer in the
INCEPTION trial compared with in the ARREST and Pra-
gue OHCA trials, potentially reflecting varying experience and
logistics among the participating centres.

A summary of patient, prehospital, and hospital-based
variables potentially associated with eCPR outcomes is pre-
sented in Table 3. No RCT's have evaluated eCPR for patients
with THCA.

Expert Opinion: eCPR should not be routinely used, but
may be considered in highly selected patients with refractory
cardiac arrest (> 5-15 minutes) with limited comorbidities
and a witnessed cardiac arrest with a targeted cardiac arrest to
cannulation time of < 60 minutes.

Expert Opinion: Extracorporeal CPR can be considered in
centres with established venoarterial ECMO programs and
formalized integrated eCPR clinical pathways.

Expert Opinion: If eCPR is considered, the target arrest to
cannulation time is < 60 minutes and the target hospital
arrival to cannulation time is < 30 minutes.

Cardiac Arrest Regionalized Systems of Care
A meta-analysis of observational studies showed that pa-
tients with OHCA who are admitted to high OHCA volume
centres (> 40-100 OHCA cases per year) have lower mor-
tality rates.”” In addition, a prospective before and after study
in the state of Arizona of OHCA emergency medical services
triage to specialized cardiac arrest centres reported improved
survival and favourable neurologic outcomes.”® International
societies have advocated for regionalization of OHCA care
including timely transfer to centres capable of comprehen-
sively centralizing OHCA care, but randomized studies were

Table 3. Patient, prehospital, and hospital-based variables potentially
associated with eCPR outcomes

Patient variables Target metrics

Associated with favourable outcomes Prehospital

e Shockable rhythm o Estimated hospital transfer time

® Reversible etiology < 30 minutes

o Witnessed arrest o Operationalized ¢CPR pathway
within EMS

o Advance care or critical care

paramedics

Associated with poor outcomes Intrahospital

o Older age o Cardiac arrest to eCPR flow

o Comorbidities time < 60 minutes

o Prolonged no or low flow time e c¢CPR team available for

canulation on arrival
o Established VA-ECMO program
o Mulddisciplinary team

eCPR, extracorporeal cardiopulmonary resuscitation; EMS, emergency
medical services; VA-ECMO, venoarterial ~extracorporeal membrane
oxygenation.
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lacking.””*® In the ARREST trial 862 adult patients in
London, England with ROSC after an OHCA were ran-
domized to expedited transfer to 1 of 7 catheterization labo-
ratories at a cardiac arrest centre (with intensive care unit and
cardiac surgery on-site) or to the geographically closest ED.%”
Exclusion criteria included STEMI, pregnancy, and do not
resuscitate orders. In the cardiac arrest centre group, a greater
proportion of patients were admitted to an intensive care unit
(80% vs 69%), received mechanical ventilation (86% vs
76%), vasoactive support (72% vs 62%), and underwent
coronary angiography 56% vs 37%). The primary end point
of 30-day mortality occurred in 63% in the catheterization
laboratory/cardiac arrest centre arm and 63% in the standard
care arm (risk ratio 1.00; 95% confidence interval, 0.90—
1.11; P= 0.96). In a subgroup analysis, patients younger than
57 years had a reduced risk of all-cause mortality in the cardiac
centre arm and standard care favoured patients 57-71 years of
age (P interaction = 0.0029). Limitations of the trial included
its major urban setting and ED, which might not be gener-
alizable to rural settings or lower-volume EDs. Second, the
cardiac arrest centre criteria did not include the need for on-
sitt ECMO, neurology, specialized electrophysiology studies,
or structured neuroprognostication protocols, which might
mitigate inappropriate early withdrawal of life-sustaining
therapy.®®

Expert Opinion: Patients with ROSC after an OHCA
who do not have a STEMI should be transported to the
nearest ED. After initial evaluation and stabilization, it is
reasonable to consider admission to a hospital capable of
integrating their post-OHCA care with comprehensive on-site
cardiovascular, neurology, critical care, and secondary pre-
vention services depending on local geographic resources.

Current Knowledge Gaps and Future Directions

Many of the recent clinical trials in which patients resus-
citated from a cardiac arrest were evaluated showed no dif-
ferences in outcome among treatment groups. Nonetheless,
the results are important insofar as they change clinical
practice and potentially provide new directions for research in
this complex and critically ill group of patients. Yet, many
important questions remain unanswered.

The recent temperature control trials have cast doubt on
the benefits of therapeutic hypothermia and the pendulum has
swung toward normothermia. However, many issues
regarding temperature targets remain. First, a temperature
ceiling has not been established and an adequately powered
trial is needed to determine if treatment of fever is beneficial
in these patients. Second, the optimal window for a thera-
peutic benefit with temperature control remains unknown.
Third, it is possible that the optimal temperature control
strategy depends on patient or index event characteristics and
the individualized risk of hypoxic ischemic brain injury. For
this reason, there is a pressing need for better tools to assess
the extent of baseline and ongoing brain injury.

Because most trials recruited patients with OHCA, more
data are needed on patients with IHCA. New strategies to
mitigate in-hospital complications such as infections and
delirium are also needed. The recent studies help define
appropriate physiological targets for the management of the
post cardiac arrest population (eg, MAP, PaO,, PaCO,). That
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said, will reliable bedside biomarker assays designed to
quantitate ongoing brain injury further assist in adjusting
these physiological targets on an individual basis?

The recent trials have shown no harm with a delayed
cardiac catheterization strategy in patients without STEMI,
but these trials excluded conditions such as cardiogenic shock
and electrical instability. Trials designed to address these
subsets are needed. Double sequential or vector change defi-
brillation along with antiarthythmic drug selection in patients
with refractory shockable rhythms appear promising, but data
on the efficacy and safety in the in-hospital setting are also
needed.

A strategy that includes eCPR in highly selected patients
with refractory shock has been proposed for centres with
advanced cardiac arrest programs. However, ¢CPR requires
extensive resources, and because of the mixed results in the
recent trials, this approach will likely be confined to centres
equipped with highly skilled dedicated specialized teams.
Hence, larger trials using refined inclusion criteria coupled
with very fast cannulation times are needed to further define
the role of eCPR.

As prognostication literature continues to evolve and show
that post-arrest myoclonus and seizures are not uniformly
suggestive of a poor prognosis, further direction will be
required on how best to manage post-arrest patients with these
disorders.

It could be argued that many studies have been negative
thus far because we have not been defining different pheno-
types and treating them accordingly. Precision medicine is a
novel approach that considers patient variability rather than a
“one-size-fits-all” approach.”” Studies of the benefits of pre-
cision medicine using protocols tailored to the individual
patient with a resuscitated cardiac arrest should be considered.

Because the trials that explored post-OHCA physiologic
targets that are discussed in this CPU were neutral, it is
possible that the on-scene OHCA response might be the most
important determinant of neurological outcomes. Thus,
renewed focus on early bystander CPR and defibrillation
together (eg, smartphone-activated bystander responses,
smartphone connectivity to dispatch services, automated
external defibrillator drone delivery) with improvements in
integrating all of the links in the chain of survival (ie, early
activation of the emergency medical services, early bystander
CPR, rapid defibrillation, early advanced life cardiac support,
and integrated post cardiac care) might have the most po-
tential to improve outcomes.”'””

Conclusions

Our understanding of the optimal care of patients with a
resuscitated cardiac arrest has been advanced through many of
the hospital-based interventions discussed herein, but this has
not resulted in improved survival and the outcomes of patients
with OHCA remain poor. Nevertheless, the available litera-
ture discussed in this CPU has provided additional clarity
regarding the use of post arrest management strategies in the
prehospital and hospital setting. We have identified a number
of key future research priorities for this acute, high risk, and
treatment time-sensitive population. Achieving meaningful
improvements in survival will also require an integrated
multifaceted strategy to link the chain of survival from
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bystander recognition, prehospital response, in-hospital care,
through to postdischarge care. Finally, recognizing existing
regional variations in care, we also advocate for a national
knowledge translation initiative focused on education and
adoption of contemporary best-care practices outlined in this
CCS CPU, which has the potential to mitigate regional dis-

parities and improve patient outcomes.
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