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Abstract

The critical care management of patients after cardiac arrest is burdened by a lack of high-quality clinical studies
and the resultant lack of high-certainty evidence. This results in limited practice guideline recommendations, which
may lead to uncertainty and variability in management. Critical care management is crucial in patients after cardiac
arrest and affects outcome. Although guidelines address some relevant topics (including temperature control and
neurological prognostication of comatose survivors, 2 topics for which there are more robust clinical studies), many
important subject areas have limited or nonexistent clinical studies, leading to the absence of guidelines or low-
certainty evidence. The American Heart Association Emergency Cardiovascular Care Committee and the Neurocritical
Care Society collaborated to address this gap by organizing an expert consensus panel and conference. Twenty-four
experienced practitioners (including physicians, nurses, pharmacists, and a respiratory therapist) from multiple medi-
cal specialties, levels, institutions, and countries made up the panel. Topics were identified and prioritized by the panel
and arranged by organ system to facilitate discussion, debate, and consensus building. Statements related to postar-
rest management were generated, and 80% agreement was required to approve a statement. Voting was anonymous
and web based. Topics addressed include neurological, cardiac, pulmonary, hematological, infectious, gastrointestinal,
endocrine, and general critical care management. Areas of uncertainty, areas for which no consensus was reached,

L and future research directions are also included. Until high-quality studies that inform practice guidelines in these
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areas are available, the expert panel consensus statements that are provided can advise clinicians on the critical care

management of patients after cardiac arrest.
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Introduction

Cardiac arrest (CA) affects >600,000 people in the United
States annually, with a worldwide annual incidence of 30
to 97 individuals per 100,000 population [1-3]. Intensive
care management of CA survivors is important and influ-
ences survival and neurological outcomes [4]. Although
there has been improvement in outcomes of patients
with sudden CA, overall survival continues to be low, and
the quality of life of survivors is affected [1]. The overall
survival to hospital discharge in 2020 in adults resusci-
tated from out-of-hospital CA was 9% and in those with
in-hospital CA was 23% [3]. Research and advancement
of care have focused on the chain of survival measures to
improve CA resuscitation: recognition of CA and acti-
vation of emergency response, early cardiopulmonary
resuscitation (CPR) with emphasis on high-quality chest
compressions, early defibrillation, basic and advanced life
support, post-CA care, and recovery. Focus has been on
early response with the goal of achieving return of spon-
taneous circulation (ROSC) as soon as possible. Achiev-
ing ROSC is just the start of comprehensive, multisystem
care for survivors of CA. On achieving ROSC, the major-
ity of CA survivors remain unresponsive, a marker of sig-
nificant brain injury. Unfortunately, the overall certainty
of evidence for the benefit of many interventions after
ROSC is limited [5, 6].

Current guidelines provide few strong recommenda-
tions about post-CA care because of the scope of avail-
able literature and limited certainty of evidence [5, 7, 8].
The guidelines writing processes consist of a structured
framework to transform evidence into a clinical decision
[9]; thus, many crucial management questions relevant
to the hours and days after CA cannot be answered cur-
rently through these processes. The paucity of evidence
and guideline recommendations results in wide varia-
tions in clinical practice [10, 11]. This variability could be
detrimental to patients and presents an opportunity to
develop clinical guidance that will standardize and facili-
tate care for these patients. We sought to bring together
a diverse group with expertise in post-CA care to identify
current knowledge gaps and to provide guidance on care
in topics for which research and existing guidelines were
not able to provide high certainty of evidence.

Methods

The American Heart Association (AHA) Emergency Car-
diovascular Care Committee conceived this project and
developed it further in collaboration with the Neurocriti-
cal Care Society (NCS) Board of Directors. The 2 spon-
soring organizations appointed co-chairs Romergryko G.
Geocadin, MD, from the NCS, and Karen G. Hirsch, MD,
from the AHA Emergency Cardiovascular Care Com-
mittee and convened a multidisciplinary panel of experts
to develop and draft the statement. Panelist diversity
was emphasized, including equal contribution from the
AHA and the NCS and different medical specialties (eg,
neurology, emergency medicine, cardiology, pulmonary,
intensive care), professional practices (eg, physicians,
nurses, pharmacists, respiratory therapists), geographic
locations, career stages, sexes, and ethnicities. Topics
were organized by organ system to facilitate discussion
and consensus building, and small groups addressed each
section. The sections included neurological, cardiac, pul-
monary, hematology, infectious disease, gastrointestinal,
endocrine, fluids management, and general critical care.
The neurological section was further divided into (1)
brain oxygenation, perfusion, edema, and intracranial
pressure (ICP); (2) seizures and the ictal-interictal con-
tinuum (IIC); and (3) sedation and analgesia. The panel
met weekly by video conference from July to October
2019 and convened for an in-person meeting on October
15, 2019, in Vancouver, BC, Canada, in conjunction with
the NCS annual meeting. Follow-up video conference
meetings were held to complete the work. The publica-
tion of this work was delayed because of the coronavirus
disease 2019 (COVID-19) pandemic.

The panel focused on acute and critical care man-
agement of adult CA survivors resuscitated from both
in-hospital and out-of-hospital CA. Some post-CA man-
agement topics that have been studied and included in
other AHA and NCS guidelines and statements were
not addressed. These topics include temperature control
[5, 12], neuroprognostication [5, 13], and medical man-
agement of cerebral edema [14]. Related topics that are
adjacent to those covered in the guidelines but are not
explicitly addressed in those guidelines, including but
not limited to diagnosis of cerebral edema and elevated
ICP, management of post-CA cerebral edema as it relates



to other pathophysiology, and systems of care related
to neuroprognostication, are addressed. The term tem-
perature control, not targeted temperature management,
is used in this publication in accordance with updated
International Liaison Committee on Resuscitation termi-
nology to avoid conflating the comprehensive process of
temperature control with the targeted temperature man-
agement randomized control trials (RCTs) [15]. Temper-
ature control refers to the process of actively controlling
temperature in patients who are comatose after CA and
does not refer to a specific target temperature or dura-
tion. Other topics that are addressed in guidelines but
have low certainty of evidence that the panel thought
were important to evaluate are included (including but
not limited to oxygenation and ventilation, blood pres-
sure targets).

For some topics, a consensus statement differs from a
guideline recommendation in differences in methodology
between guidelines and consensus statements, especially
about topics for which there is low certainty of evidence.
There are additional topics for which the evidence base
is so scant that the process used in developing this sci-
entific statement relied almost exclusively on expert
opinion. This scientific statement used a modified Del-
phi approach to achieve consensus opinions that were
informed by both available evidence and expert opin-
ion. Because this is not a guideline, there are no recom-
mendations but rather statements that demonstrate the
degree of agreement by the panel. It is important to note
the limitations of this process, which include a relatively
small number of people providing input and the risk of
persuasive voices influencing group thinking. In addition,
although we acknowledge that some of the technology
and medical care referenced in this scientific statement
may not be available at a given hospital, we emphasize
the importance of interdisciplinary and comprehensive
post-CA care, which is also supported by recent addi-
tions to The Joint Commission standards [16]. As for all
statements and guidelines, consideration should be given
to how to apply this information to local practice.

The initial process to identify topics was led by each
small group who submitted topics to the entire panel for
voting. Topics that were voted to be high priority were
moved forward. There was also a session at the in-person
meeting that was open to the public at which attendees
could provide feedback about the scope. Audience-sug-
gested topics that were deemed high priority by the panel
were also included.

Each small group consisting of 3 experts performed
a literature search by using pertinent search terms.
The small group reviewed relevant literature, and then
each group developed suggested statements with sup-
portive background and rationale. The panel reviewed

suggested statements in small-group presentations that
were followed by an opportunity for all panelists to dis-
cuss and debate the proposed statements. Refinements
were based on the discussions. Panelists then voted
on each statement with “agree” or “disagree” by anony-
mous electronic voting, and the voting for each state-
ment included an opportunity for anonymous comments
through free-text responses. The threshold for including
the statement was >80% of the voting panelists in agree-
ment. Panelists could abstain from voting; therefore, the
denominator differs across statements. If statements did
not achieve >80% agreement, the voting results and com-
ments were returned to the small group, statements were
refined, and there were 2 additional opportunities for
the cycle to repeat to achieve consensus. The statements
show the percentage of agreement among voting pan-
elists, followed by the ratio of panelists voting in agree-
ment over the total number of panelists casting a vote
for that statement. A statement was retired if it failed to
achieve agreement after 3 voting cycles. This process was
repeated in the video conferences and at the in-person
meeting. Topics that were not readily decided by a vote
and required detailed discussion were addressed at the
in-person meeting. Two statements were subsequently
readdressed with the use of feedback during peer review,
largely because of additional relevant clinical trials [17,
18] published after voting on the original statements.
All modified and rediscussed statements underwent
repeated consensus voting through the same process.
During the in-person meeting, anonymous voting was
performed through online polling (Poll Everywhere);
during the video conferences, REDCap [19] was used for
voting.

Results: Discussion and Consensus Statements
Neurological Management in the Intensive Care Unit: Brain
Oxygenation, Perfusion, Edema, and ICP

Post-CA brain injury is a common complication of CA
and a major contributor to subsequent death and disabil-
ity [6]. Post-CA brain injury comprises both a primary
injury caused by complete global brain ischemia and ini-
tial reperfusion and secondary injury occurring hours
to days after ROSC. Secondary brain injury results from
brain tissue ischemia and hypoxia, brain edema, elevated
ICP, and seizures. Brain hyperoxia is also implicated as a
cause of secondary post-CA brain injury and is discussed
in the next section.

Brain Oxygenation and Perfusion

The overall incidence and degree of secondary brain
hypoxia in patients after CA are unknown. Intracra-
nial monitoring is not routinely performed, and indirect
measures such as jugular venous bulb oxyhemoglobin



saturation and near-infrared spectroscopy are limited
because they measure oxyhemoglobin saturation rather
than brain tissue oxygen tension. Key factors that affect
brain oxygen delivery include cerebral perfusion pressure
(CPP), partial pressure of arterial CO, (Paco,), and arte-
rial oxygen content. The discussion here focuses largely
on perfusion and brain tissue oxygen delivery; systemic
oxygen and CO, management are discussed later in the
pulmonary section.

Although data are limited, preliminary evidence sug-
gests that secondary brain tissue hypoxia occurs in the
post-CA period [20-22]. Invasive brain tissue oxygen
monitoring is increasingly used in patients with other
causes of severe neurological injury such as brain trauma
and subarachnoid hemorrhage. Using brain tissue oxy-
gen as part of multimodal neurological monitoring
paradigms to guide interventions after CA represents a
promising new direction for individualized post-CA care.
Additional approaches include monitoring blood oxy-
hemoglobin saturation from the jugular bulb; the jugu-
lar bulb blood oxygen content represents a surrogate for
adequacy of brain oxygen delivery [23]. The optimal tar-
gets for jugular bulb oxygen saturation and parenchymal
brain tissue oxygen are unknown in patients after CA and
represent an opportunity for future research.

The literature on blood pressure targets during post-CA
care in the intensive care unit (ICU) has demonstrated that
low mean arterial pressure (MAP) is associated with worse
outcomes [24-27], although higher MAPs have been
associated with better neurological outcomes [28]. Mul-
tiple retrospective and prospective observational studies
have reported that MAPs >65 mm Hg are associated with
higher survival rates and better neurological outcomes
[24—-28]. Because of the observational nature of these stud-
ies, it is difficult to determine whether these associations
are driven by spontaneous blood pressures or by blood
pressure targets achieved with vasopressors. Recent RCTs
have compared MAP targets [18, 29, 30]. A multicenter
trial randomizing patients to 65 to 75 mm Hg versus 80
to 100 mm Hg found that it was feasible to achieve these
targets without worsened safety outcomes [30]. This study
was not powered to detect differences in survival or neu-
rological outcome and used a surrogate biomarker as the
primary outcome measure (neuron-specific enolase levels
at 48 hour after arrest). A second trial randomized patients
to an MAP of >65 mm Hg versus 85 to 100 mm Hg.
Although the study did not detect any difference in efficacy
end points, it further demonstrated feasibility and absence
of harm when targeting higher MAPs [29]. A pooled anal-
ysis [31] of these 2 studies [29, 30] also showed that tar-
geting an MAP between 80 and 100 mm Hg in patients
with acute myocardial infarction and shock was associ-
ated with attenuated biomarkers of myocardial injury and

no increase in rearrest. This result provides evidence that
higher MAP targets are not associated with more adverse
cardiac outcomes. A third trial randomized patients to an
MAP of 77 mm Hg versus 63 mm Hg [18]. Patients were
also assigned to 1 of 2 oxygen targets. There was no differ-
ence in multiple outcome measures, including the primary
outcome of composite of death resulting from any cause or
hospital discharge with a Cerebral Performance Category
of 3 or 4 within 90 days. There was also no difference in
adverse events. The results of this study are difficult to
generalize given the complex study intervention, the nar-
row patient population (>80% witnessed shockable rhythm
with bystander CPR), the relatively small separation in
blood pressure between the groups (10.7 mm Hg [95% CI,
10.0-11.4]), and an opposite trend in treatment effect at
the 2 participating institutions. It is also important to note
that, in all of these studies, interventions to achieve blood
pressure targets were not initiated until patients arrived in
the ICU and therefore do not reflect potential benefits or
harms of specific MAP targets in the first minutes to hours
after ROSC.

Of additional concern in patients after CA is that com-
pensatory cerebrovascular autoregulatory responses may
be impaired. The range of MAPs in which cerebral blood
flow is constant decreases and may even be lost alto-
gether [32]. The cerebrovascular autoregulation curve
may also be right shifted, necessitating higher MAPs to
maintain adequate CPP [21, 33]. Although there is vari-
ability between individuals and testing modalities, an
MAP of 65 mm Hg is insufficient to provide adequate
cerebral oxygen delivery in many patients [21]. Moreover,
because ICP is not routinely monitored in patients after
CA, CPP is usually estimated, often assuming a normal
ICP of 5 to 15 mm Hg. However, many patients after CA
develop brain edema, which can result in elevated ICP
(see the Elevated ICP and Brain Edema section). Taken
together, these factors put patients at risk for inadequate
brain perfusion at an MAP target of 65 mm Hg and
make it difficult to empirically select a target MAP. A
higher MAP target (eg, MAP >80 mm Hg) will increase
the probability that CPP >60 mm Hg is achieved, assum-
ing high normal or slightly elevated ICP. Alternatively,
in patients who lack intact autoregulation, higher blood
pressures may contribute to hyperemia and worsen
intracranial hypertension. Thus, individual pathophysi-
ology and the complex interplay between systemic
and neurological physiology are important to consider
(Fig. 1). The limited data on minimal thresholds for cer-
ebrovascular autoregulation, combined with the safety
data supporting a higher MAP, led to the support for a
higher MAP target.

A more nuanced approach to identify individualized
MAP targets for patients after CA may be through the



assessment of cerebrovascular autoregulation to iden-
tify the threshold MAP below which autoregulation is
lost (lower limit of autoregulation) and the optimal MAP
(MAPgp7) at which cerebral perfusion is the least influ-
enced by MAP fluctuations (Table 1). Several studies
have offered preliminary evidence that individual deter-
mination of MAPgpp in comatose post-CA survivors is
a promising strategy to optimize cerebral perfusion and
potentially minimize secondary brain injury [21, 25, 34,
35].

Advances in invasive and noninvasive multimodal neu-
romonitoring may allow future approaches that optimize
brain perfusion and oxygenation while balancing the
potential concomitant cardiac and pulmonary effects of
such interventions. For example, a lower MAP target may
be beneficial in a patient after CA whose primary post-
CA syndrome pathology is dominated by ongoing coro-
nary ischemia and heart failure refractory to inotropic
support. However, a higher MAP target may be beneficial
in a patient after CA whose primary post-CA syndrome
pathology is dominated by intracranial hypertension and

brain hypoxia. Multimodal neuromonitoring may enable
greater optimization of both neurological and systemic
targets.

The role of neuromonitoring in titrating post-CA care
to individuals is an important area for further research.
Multimodal monitoring refers broadly to the evaluation
and synthesis of data from multiple modalities, which
include both invasive and noninvasive modalities, elec-
troencephalography (EEG) and imaging, and clinical
examination. How to combine these tools to synthesize
and respond to this multimodal data to individualize
care is an important focus for further research. Identify-
ing mechanisms of autoregulation failure, brain hypoxia,
and inadequate brain perfusion or brain hyperemia and
developing strategies to treat these injuries in the days
after CA are also important research opportunities.

Elevated ICP and Brain Edema

Brain edema (both cytotoxic and vasogenic) is a common
complication from hypoxic/ischemic brain injury and is
associated with poor outcomes [36—38]. Brain edema is
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Fig. 1 The complex physiological interplay among neurological, cardiac, and pulmonary systems necessitates individualized management of the




Table 1 Methods of measuring cerebral autoregulation

Monitoring technique

Approach

Advantages Limitations

Mean velocity index Transcranial Doppler of mid-

dle cerebral artery

Cerebral oximetry index or
tissue oxygenation index

Near-infraredspectroscopy

Pressure reactivity index ICP monitor

Correlates changes in middle cerebral
artery flow with MAP

Correlates changes in rSo, with MAP

Correlates changes in ICP with MAP

Intermittent

Interobserver variability

Susceptibility to motion artifact

Insonation windows inadequate
in some patients

Noninvasive

Noninvasive
Continuous

Only samples 1-2 cm of frontal
lobe

Signal contaminated by extrac-
ranial blood and ambient light

Skin adherence can be variable

Continuous Requires intracranial monitoring

Note that all monitoring techniques require simultaneous continuous arterial blood pressure monitoring

ICP intracranial pressure, MAP mean arterial pressure; rSo, regional cerebral oxygen saturation

usually diagnosed through neuroimaging, and its pres-
ence is most studied as a prognostic imaging biomarker
[5, 39]. There is limited research investigating interven-
tions focused on preventing and treating brain edema
in patients with CA. Because the previously referenced
NCS guidelines address general approaches to medical
management of cerebral edema, the topic is not covered
here. In patients after CA, diffuse brain edema is believed
to be the primary mechanism that causes elevated ICP.

Elevated ICP is suspected when there is evidence of
diffuse brain edema on imaging, when there are signs of
elevated ICP on examination (eg, loss of pupillary reflex),
or through invasive (direct) measures (eg, intracranial
monitoring) or noninvasive (indirect) measures (eg, optic
nerve sheath diameter, transcranial Doppler) [21, 40-42].
Early preliminary studies suggest that ICP elevations
>20 mm Hg occur in a subset of patients, and they may
occur during both hypothermia and rewarming and are
associated with poor outcomes [22, 41, 42]. There is no
consensus on what threshold constitutes an abnormal
ICP after CA, and data from traumatic brain injury are
often extrapolated to consider an ICP >22 mm Hg abnor-
mal [43].

Although brain edema is a complication of the initial
hypoxic/ischemic and ischemic/reperfusion injury, it
can also be exacerbated or caused by other insults that
are modifiable and potentially preventable [44]. Limited
data support interventions to treat cerebral edema and
elevated ICP after CA; thus, general approaches focus on
using standard ICP-lowering therapies [14, 45].

A promising area of research in CA is investigating how
noninvasive measures that provide surrogate information
about ICP such as optic nerve sheath diameter, transcra-
nial Dopplers, and quantitative pupillometry may be used
to guide therapies [46—48]. The longitudinal evolution
of brain edema on imaging after CA and its relationship

with ICP and compliance are other important areas for
further investigation [49].

Brain Oxygenation, Perfusion, Edema, and ICP Statements

1. To prevent or treat secondary brain hypoxia in coma-
tose CA survivors, optimize cerebral oxygen delivery
by maintaining optimal CPP, arterial normocapnia,
and adequate arterial oxygen content while avoiding
arterial hyperoxemia (90.5%, 19/21).

2. To optimize cerebral oxygen delivery in comatose
post-CA survivors, maintain hemoglobin >7 g/dL
and arterial oxyhemoglobin saturation between 92%
and 98% (85.7%, 18/21; see also section on hemato-
logic management).

3. In comatose CA survivors, continuous monitoring
for secondary brain hypoxia may be used in ICUs
where validated techniques are in routine use, when
there are no contraindications, and when invasive
monitoring is consistent with the goals of care (100%,
18/18).

4. In ICUs where advanced cerebral monitoring is not
in routine use, target an MAP >80 mm Hg unless
there are clinical concerns or evidence of adverse
consequences (82.6%, 19/23).

5. In ICUs where noninvasive monitoring of cerebral
autoregulation is in routine use, maintain MAP at or
near the predicted MAPpr (88.2%, 15/17).

6. In comatose CA survivors with clinical indicators of
cerebral edema and elevated ICP (as measured by
head computed tomography, optic nerve ultrasound,
or deterioration of clinical examination), consider
invasive ICP monitoring in clinical environments
familiar with the technique if there are no contrain-
dications and invasive monitoring is consistent with
the goals of care (81%, 17/21).

7. In settings where invasive ICP monitoring is in rou-
tine use, maintain MAP at or near the predicted



MAPqpr by using the pressure reactivity index
(100%, 17/17).

8. Comatose CA survivors with elevated ICP may ben-
efit from pharmacological and nonpharmacological
strategies to lower ICP in the critical care environ-
ment (85.7%, 18/21).

Areas of Uncertainty Concerning Post-CA Brain Hypoxia,
Brain Edema, and Elevated ICP
1. Agreement could not be achieved on the optimal
timing and duration of invasive ICP monitoring in
patients after CA.
2. Agreement could not be achieved on a target ICP
goal in patients after CA.

Neurological Management in the ICU: Seizures

and the lIC

Seizures are diagnosed in 9% to 36% of comatose patients
after CA independently of temperature control [50-57].
These events can present clinically as generalized or focal
convulsions or myoclonic activity; however, they are
often clinically silent and diagnosed only with EEG [52,
57]. Sedation and neuromuscular blockade (NMB) may
also mask clinical manifestations of seizures [58].

The IIC is a spectrum of abnormal periodic or rhyth-
mic EEG patterns that do not meet criteria for seizures
or status epilepticus (SE) but may affect brain function
or cause brain injury [59]. The recent American Clinical
Neurophysiology Society update further defined the IIC,
stating that the term IIC is a “purely electrographic term
that is not a diagnosis” and that patterns on the IIC “may
be contributing to impaired alertness, causing other clin-
ical symptoms, and/or contributing to neuronal injury”
[59]. IIC patterns are common after CA; however, it is
unknown which IIC patterns benefit from treatment with
antiseizure medication (ASM) and whether treatment
improves outcomes [60]. The American Clinical Neuro-
physiology Society has developed a specific classification
system for IIC terminology, which is associated with a
good interrater agreement [61].

EEG Monitoring

Seizures can develop early, during the first 24 hours after
ROSC, or later, especially during or after rewarming in
patients treated with hypothermic temperature control
[52, 53, 57, 62]. Limited guidance exists on how long
and how often EEG monitoring should be performed
after CA [63]. Continuous EEG (cEEG) monitoring has
higher sensitivity than intermittent EEG monitoring;
however, there are limited data on whether seizure treat-
ment guided by continuous compared with intermittent
EEG affects outcomes or is cost-effective [64—66]. cEEG

is frequently used to guide treatment in patients with SE
[63]. Cost and availability of technicians and clinicians
with expertise in EEG interpretation are barriers to cEEG
implementation, and studies have investigated the use
of limited EEG montages, rapid EEG, quantitative EEG
panel review (eg, spectrograms or amplitude-integrated
EEG), and automated computational analysis of EEG sig-
nals [62, 65—67].

Similar to seizures, many electrographic findings on
the IIC are associated with poor outcomes; however, it is
unknown whether IIC patterns represent an epiphenom-
ena or a cause of brain injury that warrants treatment
[55, 56, 68—70]. With increased availability of cEEG mon-
itoring, identification of EEG findings on the IIC became
more common; however, the clinical relevance and man-
agement remain understudied. Summarization of IIC
patterns under categories used in neuroprognostication
such as malignant or highly malignant is imprecise, and
these categories may inadvertently influence treatment
decision-making despite not being developed for that
purpose. Sporadic discharges (ie, nonrhythmic and non-
periodic spikes, polyspikes, or sharp waves) are common,
but their association with neurological outcome is vari-
able [59, 71].

Treatment

Treatment of post-CA seizures and SE lacks guidance
from large-scale RCTs [71-73]. The overall body of litera-
ture is limited by retrospective design, early withdrawal
of life-sustaining therapy, and heterogeneous ASM and
anesthetic drug combinations, dosing, and treatment
durations [72]. Many studies give limited information on
how seizures or SE was managed [54, 70, 74, 75]. Despite
these limitations, a growing number of case series and 2
recent studies evaluating stepwise treatment protocols
for recurrent seizures and/or refractory SE after CA with
ASMs and anesthetic agents indicate that neurologi-
cal recovery may occur when intensive seizure control
is pursued [17, 57, 71-73, 76, 77]. When seizures or SE
is treated, studies commonly use initial regimens con-
sisting of benzodiazepines, followed by valproic acid,
levetiracetam, or phenytoin (ie, first- and second-line
treatments) [71, 72, 78]. Third-line treatments often con-
sist of continuous anesthetic infusions such as propofol,
midazolam, or ketamine. The side-effect profile of differ-
ent agents is considered when an ASM is chosen, with
additional consideration given to the potential confound-
ing of the neurological examination by many classes of
ASMs [68, 70, 71]. Barbiturates can be effective for sei-
zures or SE treatment after CA as second- or third-line
agents or to facilitate weaning of anesthetic agents in
case of seizure recurrence during weaning [79]. However,
barbiturates can confound neurological examination



for several days, given their long half-lives and sedative
effects. In the setting of SE, induction of a burst-sup-
pression pattern on EEG with anesthetics is a common
therapeutic target, but the efficacy and optimal depth and
duration have not been established [65]. In the absence
of EEG abnormalities, ASMs are not routinely given pro-
phylactically, although additional studies are needed [71].

Clinical myoclonus after CA is characterized by repeti-
tive, generalized, focal, or multifocal myoclonic move-
ments, which may or may not have an electroclinical
correlate on EEG [80]. Clinical myoclonus for extended
periods in the context of CA is often referred to in lit-
erature as myoclonic SE or status myoclonus (commonly
defined as lasting >30 min). Association of clinical myo-
clonus with epileptiform activity on scalp EEG is not
always present; however, when present, it is an electro-
clinical seizure, by definition, and can occur indepen-
dently of electrographic seizures or electrographic SE.
Therefore, the distinction among myoclonus observed
exclusively on clinical examination (ie, clinical myo-
clonus), myoclonus in association with epileptiform
activity (ie, electroclinical myoclonus), and myoclonus
in association with electrographic seizures or electro-
graphic SE (ie, electrographic seizure or electrographic
SE with electroclinical myoclonus) may be relevant in
management (Table 2) [81, 82]. Given the inconsistency
in previous terminology and definitions, we define this
terminology to differentiate the subtypes of myoclonus
commonly seen after CA and to avoid the terms myo-
clonic SE and status myoclonus.

The certainty of evidence is limited concerning the
treatment of clinical myoclonus, electroclinical myo-
clonus, or electrographic seizure or SE with electroclini-
cal myoclonus. Although myoclonus has been historically
associated with poor outcome, neurological recovery has
been reported more recently in patients with post-CA SE
associated with electroclinical myoclonus who undergo
aggressive therapy with ASM or anesthetics [77, 83, 84].
Aggressive treatment of clinical myoclonus without an
electroclinical correlate has limited efficacy and can be

associated with side effects and impairment of the neuro-
logical examination [81].

In patients with EEG findings on the IIC, treatment
is highly variable, and its impact on patient outcomes is
poorly understood [85]. Studies in other patient popula-
tions with acute brain injury indicate that persistent and
high-frequency IIC patterns might cause secondary brain
injury, and treatment with ASMs has been advocated
[86]. In comatose CA survivors, stepwise treatment with
ASMs targeting suppression of IIC patterns was not asso-
ciated with improved functional outcome at 3 months
compared with the group randomized to no ASM treat-
ment in a large RCT [17]. However, this study involved
predominantly patients with generalized periodic dis-
charges at 0.5 to 2.5 Hz and did not include subgroup
analyses to discern whether different treatment strategies
or frequency thresholds, beyond those that evolved or
qualified as SE, might result in different outcomes. Thus,
treatment of IIC patterns is individualized and takes into
consideration other EEG background features indicative
of potential for neurological recovery such as a continu-
ous background or EEG reactivity [71, 73]. Diagnosis and
management of IIC patterns guided by intracranial mul-
timodality monitoring or advanced neuroimaging (eg,
computed tomography or magnetic resonance imaging
perfusion and positron emission tomography) are under
investigation, and these methods may offer additional
insights into physiology and may help determine the
impact of treatment [87].

Future research may focus on the use of advanced sei-
zure monitoring techniques such as intracranial EEG and
advanced brain imaging (eg, computed tomography per-
fusion, magnetic resonance imaging perfusion, or posi-
tron emission tomography) to offer additional insights
into diagnosis and to help guide treatment, especially
when IIC patterns are seen on scalp EEG. The approach
to and impact of treating post-CA SE are important areas
of future research. Which specific IIC findings merit
treatment with ASMs and the impact of treatment on
outcome are other important areas for further research.

Table 2 Post-CA myoclonus terminology using clinical and electrographic criteria

Clinical and electrographic criteria Terminology

Clinical myoclonus without elec- Electroclinical

trographic correlate

Electrographic seizure or elec-

Clinical features of repetitive, generalized, focal, Yes
or multifocal myoclonic movements

Electrographic correlate on EEG No
Electrographic seizures or SE No

myoclonus trographic SE with electroclinical
myoclonus

Yes Yes

Yes Yes

No Yes

CA cardiac arrest, EEG electroencephalography, SE status epilepticus



EEG Monitoring and Seizures Statements

1.

10.

11.

12.

Monitor for seizures and SE with EEG as early as
possible after CA and during the rewarming phase if
temperature control with a hypothermic temperature
target is used. Continue EEG monitoring for 72 to
120 hours after CA in patients who fail to recover con-
sciousness. If seizures or SE is diagnosed, the duration
and frequency of EEG monitoring are individualized
on the basis of treatment goals (85%, 17/20).

Monitor patients who fail to recover consciousness
with cEEG to screen for seizures or SE. Intermittent
EEG monitoring can be considered as an alternative
monitoring modality, depending on the resources of
a given institution (100%, 19/19).

In patients undergoing intermittent EEG monitoring,
obtain EEGs daily during the first 72 to 120 hours
after CA in patients who fail to recover conscious-
ness (90%, 18/20).

Continue cEEG monitoring for at least 24 hours after
post-CA seizures or SE initially abate electrographi-
cally in patients who fail to recover consciousness
because of the possibility of nonconvulsive seizures
or SE in this population (100%, 19/19).

Consider transfer to a center that can perform EEG
monitoring in patients suitable for transfer who fail
to recover consciousness after CA (90%, 18/20).
Consider quantitative EEG trends such as spectro-
grams and amplitude-integrated EEG as an adjunc-
tive monitoring strategy for seizure screening (84%,
16/19).

Interpret the EEG as soon as possible after the
recording is started, and report results rapidly to the
team in charge of medical management (95%, 19/20).
Ensure that written EEG reports are updated at least
daily and are available to the team in charge of medi-
cal management (90%, 18/20).

Consider the clinical context of patient manage-
ment in the interpretation of EEG and written report
of EEG findings, including factors such as clinical
examination, use of sedatives and ASMs, and hemo-
dynamic and metabolic factors (95%, 19/20).

Follow the same treatment standards used for other
causes of seizures or SE in patients with post-CA sei-
zures or SE, assuming that the goals of care are com-
patible with aggressive treatment (95%, 19/20).
Evaluate and treat seizures or SE after CA in the con-
text of other available clinical information because
other systemic factors may influence the occurrence
of seizures or SE and the effectiveness of treatment
(90%, 18/20).

The treatment goal for post-CA SE is seizure sup-
pression or burst suppression for a minimum of
24 hours (95%, 19/20).

13. Valproic acid and levetiracetam are reasonable first-
line agents for seizure treatment after CA (84%,
16/19).

14. Valproic acid and levetiracetam are reasonable first-
line agents for treatment of electroclinical myoclonus
or electrographic seizures or SE with electroclinical
myoclonus after CA. Clonazepam can be effective,
but its sedative effects may confound neurological
examination (100%, 20/20).

15. Do not aggressively treat clinical myoclonus without
electrographic correlate unless myoclonic activity
interferes with other aspects of care (eg, ventilation)
(100%, 24/24).

16. Do not continue temperature control with a hypo-
thermic target specifically for the treatment of sei-
zures or SE after CA (85%, 17/20).

17. A full-montage EEG is most sensitive to capture sei-
zures. Limited-montage EEG may be used in select
settings (100%, 17/17).

lIC Statements

1. IIC patterns, defined by American Clinical Neuro-
physiology Society criteria, may have a higher likeli-
hood of representing ictal activity and thus justify
more aggressive treatment, further imaging, and/or
the addition of invasive EEG monitoring in selected
cases (95%, 21/22).

2. Treat IIC patterns, as defined by American Clinical
Neurophysiology Society criteria, in selected cases
and when worsening trends are observed with longi-
tudinal EEG monitoring (100%, 20/20).

3. Do not treat sporadic epileptiform discharges (100%,
24/24).

Neurological Management in the ICU: Sedation

and Analgesia

After resuscitation from CA, mechanically ventilated
patients often receive analgesic, sedative, and NMB
agents during hypothermic temperature control or dur-
ing standard critical care in the absence of temperature
control [88]. These agents provide comfort, prevent
recall, and reduce the metabolic demands of shivering
and other motor activity. Secondary benefits may include
suppression of seizures and periodic discharges. Unin-
tended harms may include vasodilation leading to blood
pressure reduction; fluctuations of ventilation, pH, and
cerebral blood flow; and delayed neuromuscular weak-
ness. One important unintended consequence of sedating
medications in post-CA care is the confounding of neu-
roprognostication, especially when long-acting agents are
used or organ dysfunction reduces drug clearance [89].
This is especially important because the duration of effect
of many commonly used agents such as fentanyl may be
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prolonged. Because the metabolism of analgesic, seda-
tive, and NMB agents depends on temperature-sensitive
mechanisms, hypothermia also reduces their clearance,
leading to prolonged duration of action [90].

One randomized trial in post-CA temperature con-
trol compared infusions of midazolam and fentanyl with
propofol and remifentanil, showing the latter regimen to
be associated with a shorter duration of mechanical ven-
tilation but also with an increased need for vasopressors
[91]. A more recent before-and-after study comparing the
same regimens also found the propofol-remifentanil regi-
men to be associated with shorter duration of mechani-
cal ventilation, but it was not associated with vasopressor
use or outcome [92]. An observational study suggested
that midazolam infusions compared with propofol were
associated with later awakening and increased delirium
[93]. An RCT of continuous NMB with a static dose of
sedative and analgesics compared with intermittent NMB
with an escalating dose of sedative and analgesia showed
the continuous NMB approach to be associated with less
shivering, less midazolam and fentanyl administration,
faster wakening, and shorter ICU length of stay but no
difference in cooling rates, time to target temperature, or
survival [94, 95]. A registry study showed that after cor-
rections for case-mix severity, centers with hypother-
mic temperature control regimens that did not include
NMB as an early intervention had higher mortality rates
than centers with protocols recommending either inter-
mittent or continuous NMB administration [96]. These
agents, either by bolus dosing in response to shivering or
as continuous infusions, may be associated with favora-
ble outcomes compared with analgosedation alone, but
continuous NMB may mask seizures unless cEEG is used
concurrently. The inhaled anesthetic isoflurane is a short-
acting sedation alternative for the post-CA population
and may offer advantages in terms of duration of ventila-
tion, ICU length of stay, and opioid dosing [97, 98].

Lower dosing and shorter-acting sedatives and anal-
gesics may offer advantages in terms of decreased vaso-
pressor requirements, shorter time to awakening and
weaning from mechanical ventilation, and less confound-
ing of prognostication for post-CA care, but each modal-
ity requires further investigation in this population.
Short-acting dexmedetomidine is an agent of interest,
but experience is limited, and its effects on hemodynam-
ics and cardiac conduction are of concern. Ketamine
is sometimes used in this setting, often because of its
hemodynamically neutral properties, although with lim-
ited evidence [99]. Although there is much greater expe-
rience with propofol in this population, it is also used
with caution, and hemodynamic effects often need to be
counteracted with vasopressors and inotropic agents.

The interactions of analgesia, sedation, and NMB with
vascular tone, cardiac inotropy, systemic metabolic activ-
ity, and ventilation are complex and require additional
prospective study. In addition to infused agents, vola-
tile agents are promising alternatives that deserve fur-
ther study. Because analgesic, sedative, and NMB agents
directly or indirectly affect post-CA hemodynamics,
metabolic demands, seizures, and prognostication, opti-
mal management is likely to influence outcomes, and this
research should be prioritized.

Sedation and Analgesia Statements

1. The goals of analgesia and sedation during tem-
perature control after CA are to provide comfort, to
reduce shivering, and to prevent recall during NMB
(100%, 21/21).

2. Short-acting sedative and analgesic agents are pre-
ferred for patients in post-CA coma undergoing tem-
perature control to reduce the duration of mechani-
cal ventilation, time to awakening, and confounding
of delayed prognostication (100%, 21/21).

3. Propofol, remifentanil, and fentanyl are favored over
midazolam and morphine infusions (85.7%, 18/21).

4. Use NMB as needed during temperature control
rather than as a continuous infusion. In addition, it
is important to note that NMB may mask seizures in
unmonitored patients (95.3%, 20/21).

Neurological Management in the ICU: Early Triage
Early determination of brain-injury severity is a double-
edged sword. Accurate early risk assessment facilitates
triage of appropriate patients to post-CA coronary revas-
cularization and mechanical circulatory support, helps
guide family conversations and resource use, and could
be used to identify optimal patients for clinical trials.
But when early neurological risk assessment is inappro-
priately applied to end-of-life decision-making, accuracy
is poor and mortality is likely increased through errone-
ous prognostication [100, 101]. Therefore, we distinguish
between early risk assessment, which may help advance
post-CA care, and early prognostication, which is dan-
gerous and should be avoided [102].

Prognostication after CA is delayed until a high degree
of accuracy can be determined and until the prognosis
is stable; early prognostication is flawed, is associated
with excess mortality, and should be avoided [102]. Thus,
future research opportunities include developing tools
that differentiate prognosticating for poor outcome from
triaging patients for early intervention. Evaluating which
early post-CA findings—including clinical, imaging,
electrophysiological, serum biomarkers, or—others—
differentiate patients for individualized treatment inter-
ventions requires further study.
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Early Triage Statements

1. Early risk stratification is not intended as a tool for
triage to withdraw life support and is not used for
that purpose (90.5%, 19/21).

2. Data that do not establish neurological risk stratifica-
tion in the first 6 hours after CA include the patient’s
age, duration of CPR, seizure activity, serum lactate
level or pH, Glasgow motor subscore in patients
who received NMB or sedation, pupillary function
in patients who received atropine, and optic nerve
sheath diameter (95.3%, 20/21).

3. Validated illness severity scores may be used to opti-
mize therapeutic interventions (88.2%, 15/17).

Cardiac Management in the ICU

Although post-CA myocardial dysfunction is common,
it is not correlated with survival or neurological out-
come, indicating that patients can still have good out-
come with aggressive critical care management of their
cardiac disease [103]. The critical care management of
the patient with post-CA cardiac dysfunction lacks high-
certainty evidence-based guidance. Here, we address
important topics such as the use of echocardiography to
guide hemodynamic resuscitation after CA, the emerg-
ing field of mechanical circulatory support after CA, and
determination of which patients without ST-segment—
elevation myocardial infarction may be considered for
catheterization.

Hemodynamics, Monitoring, and Mechanical Circulatory
Support

As discussed in the section, “Neurological Management
in the Intensive Care Unit: Brain Oxygenation, Perfu-
sion, Edema, and ICP’, the optimal blood pressure target
to improve CA outcomes and how to achieve said tar-
gets have been of research interest over the past decade.
Recent studies have focused on the association between
blood pressure and neurological function, specifically
evaluating—surrogates of brain perfusion and oxygena-
tion, under the premise that using physiological data
points that assess cerebral oxygen delivery and perfusion
may help guide blood pressure thresholds and improve
neurological outcomes [21]. Individual patient charac-
teristics, including the degree of myocardial dysfunction,
underlying cause of shock, baseline prearrest blood pres-
sure [104], and concomitant brain injury, are evaluated
when post-CA MAP targets are set.

Patients with post-CA syndrome have hypotension and
shock 50% to 70% of the time [105], which complicates
acute hemodynamic management approaches and strate-
gies to maintain systemic, coronary, and cerebral perfu-
sion. Shock may be due to a combination of cardiogenic,
vasoplegic, hypovolemic, and septic causes, and it can

often be difficult to determine whether the shock physiol-
ogy was precipitated by the arrest or was present before
the arrest. Serum lactate and central venous oxygen
saturation are often used to guide resuscitation in shock
states, but these markers may be less reliable in patients
with the mixed shock after CA [106, 107]. Persistent poor
perfusion, shivering, sepsis, alterations in metabolism
during hypothermic temperature control, and liver dys-
function are all causes of persistently elevated lactate in
patients after CA. Thus, when other markers of perfusion
have improved, aggressive treatment of clinical scenarios
contributing to persistently elevated lactate occurs.

Echocardiography is an important tool to evaluate and
manage patients with post-CA myocardial dysfunction
[108]. Echocardiography is noninvasive and provides
valuable information about ventricular function, cardiac
output, fluid status, and underlying causes of CA [109].
The literature on patients after CA shows that hemody-
namic monitoring with echocardiogram is not robust,
and there are many caveats to its use. Echocardiography
can also assist in determining the most appropriate phar-
macological treatment of shock. Many patients after CA
have myocardial stunning that can be profound within
the first several hours after ROSC. It is important to
consider inotropy, vasodilatory state, and volume status
when choosing the correct pharmacological treatment
for hypotension and shock after CA. Invasive monitoring
with a pulmonary artery catheter may also provide help-
ful information, particularly among those with severe
post-CA cardiogenic shock requiring mechanical cir-
culatory support [110, 111]. Alternatively, noninvasive
measurement of cardiac output is available, although its
usefulness in post-CA shock is less certain.

The use of mechanical circulatory support contin-
ues to expand in patients after ROSC to maintain organ
perfusion [112]. A host of devices are available, includ-
ing intra-aortic balloon pumps, percutaneous ventricular
assist devices, and extracorporeal membrane oxygena-
tion. No robust randomized trials exist to guide patient
and device selection. Two trials evaluating the use of
extracorporeal membrane oxygenation specifically in
refractory arrest were recently published. The ARREST
trial (Advanced Reperfusion Strategies for Refractory
Cardiac Arrest) showed profound benefit in the extra-
corporeal membrane oxygenation—facilitated resuscita-
tion arm; however, the trial included only 30 participants
and was limited to those with shockable rhythm [113].
The Prague out-of-hospital CA study was a large study
(256 participants) also designed to assess the benefits of
extracorporeal membrane oxygenation over standard
advanced cardiac life support in refractory arrest; how-
ever, this trial failed to show benefit, possibly because
of significant crossover between groups [114]. In the
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absence of definitive data, it is important for the team
caring for post-CA patients to understand individual
device characteristics and to select a specific device or no
device, as dictated by the patient’s unique physiology.

Important areas for future research include evaluation
of which vasoactive drugs, inotropes, and fluid strate-
gies are appropriate to attain these targets and evalua-
tion of cardiac and neuromonitoring modalities to guide
individualized targets. In addition, evaluating systems of
care for how and when to transfer patients for advanced
mechanical circulatory support is an important area for
further research.

Cardiac Catheterization

There is reasonable consensus that early coronary angi-
ography (performed within the first 6 hours) is safe and
beneficial for post-CA care, although the majority of such
data are from nonrandomized cohort studies [115-117].
Patients with ST-segment elevation on their ECG after
resuscitation have an acutely occluded coronary at early
coronary angiography nearly 80% of the time [118], which
is similar to those with ST-segment—elevation myocardial
infarction not complicated by out-of-hospital CA. The
current AHA guidelines recommend early coronary angi-
ography for patients with ST-segment elevation on their
ECQG after CA, even if comatose with an unknown neuro-
logical prognosis [119]. Nonrandomized registry reports
suggest that both short-term and longer-term outcomes
are improved in patients with CA and ST-segment eleva-
tion undergoing early coronary angiography and inter-
vention [120-124].

There is less agreement about the utility of early coro-
nary angiography after out-of-hospital CA in patients
without ST-segment elevation. This is an important issue
because the majority (>70%) of all resuscitated individu-
als with out-of-hospital CA do not have ST-segment
elevation [118]. A substantial amount of literature on
nonrandomized cohort studies in post-CA patients with-
out ST-segment elevation exists, as it does for those with
ST-segment elevation. At least 10,000 patients have been
included in such before-and-after cohort reports [115,
120-127]. The overall results suggest that early coro-
nary angiography is both safe and beneficial, including
for improved survival and functional neurological status,
among post-CA patients without ST-segment elevation.
However, the proportion of post-CA patients without
ST-segment elevation having an acutely occluded coro-
nary culprit vessel is ~20% to 30% [118, 125-127]. This
lower proportion has led to a less emphatic AHA recom-
mendation [119].

Five randomized studies evaluating the value of early
coronary angiography in those without ST-segment
elevation have been published, including 2 in 2019 and

1 in 2020. The first was the limited ARREST pilot study
of 40 patients [128]. As anticipated, no outcome differ-
ences were found, and the main conclusion was that a
larger, definitive RCT to examine this issue was feasible,
acceptable, and safe. Of note, 15 of 32 (47%) undergoing
coronary angiography within 3 hours of admission had
a culprit lesion found and revascularized. The COACT
trial (Coronary Angiography After Cardiac Arrest) [129]
randomized 552 patients without an ST-segment—eleva-
tion myocardial infarction to either immediate or delayed
coronary angiography. No difference in 90-day survival
was seen between the groups. However, acute unsta-
ble coronary lesions were found in only 14% of patients
undergoing immediate coronary angiography. The
DISCO pilot study (Direct or Subacute Coronary Angi-
ography in Out-of-Hospital Cardiac Arrest), a small pilot
randomized trial [130], did not report >24-hours survival
but did find a culprit lesion in 37% of patients undergoing
early coronary angiography. The PEARL study (Pilot Ran-
domized Clinical Trial of Early Coronary Angiography
Versus No Early Coronary Angiography for Post—Cardiac
Arrest Patients Without ST-Segment Elevation), although
underpowered to show any outcome differences, found a
culprit vessel in 47% of patients undergoing early coro-
nary angiography, including 1 of every 7 patients dem-
onstrating an acutely occluded culprit vessel [131]. The
true prevalence of coronary culprit lesions in those with-
out ST-segment elevation is not yet resolved. The effect
of early coronary angiography and percutaneous coro-
nary intervention on outcome will probably be directly
related to the prevalence of lesions. A fifth RCT, the
Angiography After Out-of-Hospital Cardiac Arrest With-
out ST-Segment Elevation, was published in 2021 [132].
Randomizing a total of 530 patients to early or delayed/
selective coronary angiography, those investigators found
no difference in 30-day mortality. They reported a cul-
prit vessel incidence of 38% in those undergoing imme-
diate coronary angiography but did not provide any data
on acutely occluded culprit lesions. Last, the EMERGE
trial (Emergency vs Delayed Coronary Angiogram in
Survivors of Out-of-Hospital Cardiac Arrest) was pub-
lished in 2022 [133]. EMERGE randomized 279 patients
to emergency or delayed coronary angiography (141 and
138 patients, respectively) and again showed no differ-
ence in their primary end point of 180-day survival with
Cerebral Performance Category of 1 or 2. At least 2 more
trials are evaluating the role of emergent coronary angi-
ography patients in this population (NCT02309151 and
NCT02641626).

Early coronary angiography for patients resuscitated
after out-of-hospital CA is safe and reasonable [134], and
although it did not improve outcomes in these RCTs, it
can identify potential coronary culprit lesions that could
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benefit from timely reperfusion and revascularization.
The incidence of such acutely occluded culprit lesions
has varied by study, and the final answer remains to be
determined. This is an important area for future research.
On the basis of existing data, survival may not be the only
important end point. Timely reperfusion of an acutely
occluded culprit coronary artery is also key because it
salvages at-risk myocardium and may prevent rearrest
and the subsequent development of heart failure in sur-
vivors. Quality of life is improved with preserving left
ventricular function and ultimately avoiding heart failure,
with its life-altering limitations.

Cardiac Management Statements

1. In ICUs where advanced cerebral monitoring is not
in routine use, target an MAP >80 mm Hg unless
there are clinical concerns or evidence of adverse
consequences (82.6%, 19/23; same as in Brain Oxy-
genation, Perfusion, Edema, and ICP statements).

2. In patients after CA, perform echocardiography as
soon as possible to evaluate right and left ventricular
function, cardiac output, and inferior vena cava size
to guide hemodynamic management and to search
for correctable causes of the CA (95.7%, 22/23).

3. Serial echocardiography can be helpful to guide
ongoing hemodynamic management in patients after
CA, at least until unsupported hemodynamic stabil-
ity occurs (91.3%, 21/23).

4. The choice of a target post-CA blood pressure incor-
porates the need to maintain adequate cerebral per-
fusion during the period of maximal cerebral edema
and loss of cerebral autoregulation while accounting
for the response of left ventricular function to inter-
ventions as assessed by echocardiography (91.3%,
21/23).

5. Individualize the choice of using inotropes, vasopres-
sors, or fluids to treat post-CA hypotension and to
target the likely cause(s) contributing to the shock
and hemodynamic state (100%, 23/23).

6. Serial measurements of central venous oxygen satu-
ration, myocardial oxygen consumption, and lactate
are helpful in monitoring the adequacy of systemic
perfusion and the effectiveness of therapies used to
treat shock (86.4%, 19/22).

7. In patients with refractory hypoperfusion, evaluate
early for mechanical circulatory support (including
intra-aortic balloon pump, temporary right or left
ventricular assist device, and extracorporeal mem-
brane oxygenation) to improve end-organ perfusion.
If mechanical circulatory support is not available,
transfer to a center with these capabilities may be
possible (95.7%, 22/23).

8. Early coronary angiography in post-CA patients with
no ST-segment elevation on the presenting ECG may
still be of benefit by potentially salvaging myocar-
dium and decreasing the incidence of systolic heart
failure in survivors (95.7%, 22/23).

Pulmonary Management in the ICU

Lung-protective ventilation is the standard of care for all
patients at risk for developing acute lung injury or acute
respiratory distress syndrome (ARDS) and is therefore
our approach for patients after CA who require venti-
latory support. ARDS has been reported in 48% to 71%
of postarrest intubated patients and is associated with
increased mortality [135, 136]. Components of lung-pro-
tective ventilation include targeting a tidal volume of 4 to
8 mL/kg ideal body weight to avoid overdistention, titrat-
ing positive end-expiratory pressure to avoid alveolar
collapse, and adjusting fraction of inspired oxygen (Fio,)
to target an adequate, but not excessive, oxygen satura-
tion. Increases in positive end-expiratory pressure can
improve oxygenation and may help to facilitate decreases
in (Fio,), but high positive end-expiratory pressure can
also impede venous return. Positive end-expiratory pres-
sure levels should be guided by monitoring of airway
pressures as a surrogate of compliance so that excessive
pressure is avoided (generally keeping plateau pressure
<30 cm H,O and driving pressure <15 cm H,0). There
is little evidence for low-tidal-volume ventilation spe-
cifically for patients after CA. Two observational studies
have investigated the association between low-tidal-vol-
ume, or lung-protective, ventilation and survival, find-
ing conflicting results [137, 138]. The first, in which only
patients with out-of-hospital CA were considered, found
an association between low tidal volume ventilation in
the ICU and survival with favorable neurological out-
come [137]. The second, which included only patients
with in-hospital CA, found no such association [138].
Our practice is therefore based on evidence in the criti-
cally ill overall, particularly those at high risk for ARDS.
Similarly, we follow the standard practice of elevating the
head of the bed at least 30°, both to prevent aspiration
and to minimize elevations in ICP. In addition to these
general considerations, in patients after CA, there is par-
ticular interest in how levels of oxygen and carbon diox-
ide may affect the brain, heart, and other organs affected
by ischemia/reperfusion injury.

Oxygenation

During CA, the brain tissue oxygen tension falls rapidly
to 0 [139]. At the onset of reperfusion, there is commonly
a hyperemic phase in which tissue oxygenation becomes
supranormal. Administration of high concentrations
of oxygen during this phase may expose ischemic brain
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tissue to significant hyperoxemia, potentially exacerbat-
ing the formation of reactive oxygen species and increas-
ing postischemic oxidative injury and cellular death
[44]. Human studies that address this topic are limited.
Postischemic neurons are likely to be most prone to any
harmful effects of hypoxemia immediately after ROSC.
In out-of-hospital CA, this implies the need for a titrated
oxygen therapy intervention to be started before arrival
to the hospital. The data on prehospital oxygen titration
are beyond the scope of this document, although several
studies have addressed prehospital oxygen titration, and
the topic is covered in the 2020 AHA guidelines for CPR
and emergency cardiovascular care [5]. Concerns about
the physiological basis for harm from hypoxemia drive
the opinion that titration of Fio, should not be attempted
if a reliable measure of oxygenation (pulse oximetry or
arterial partial pressure of oxygen) is not available. It can
be difficult to obtain an accurate pulse oximetry meas-
ure in many patients after CA, especially in the prehos-
pital setting but also in some patients in severe shock in
the ICU, although it should still be done when possible.
Investigators have also reported that occult hypoxemia
(normal pulse oximeter oxygen saturation [Spo,] when
Pao, is abnormally low) is more common in patients with
darker skin pigmentation, supporting extra caution when
oxygen is titrated down on the basis of Spo, in patients
with dark skin [140, 141]. Arterial blood gas measure-
ment can be helpful when reliable pulse oximetry is dif-
ficult to obtain.

Three RCTs have compared different oxygen value tar-
gets in patients admitted to an ICU after CA [142-144].
In the first, there was no significant difference between
the groups in neuron-specific enolase values or second-
ary clinical outcomes. In the second, of the 965 enrolled
patients in the ICU, a subgroup of 166 had suspected
hypoxic/ischemic encephalopathy (ie, post-CA brain
injury). Post hoc analyses of this subgroup showed higher
mortality at day 180 in the usual-oxygen group, and there
was a nonsignificant trend toward unfavorable outcome
on the Extended Glasgow Outcome Scale in the usual-
oxygen group. However, a secondary analysis of this sub-
group, which adjusted for baselines differences, showed
no significant differences in outcomes [145]. A third RCT
randomized patients to Pao, of 68 to 75 mm Hg or 98 to
105 mm Hg [144]. There was no difference in the primary
outcome, which was a composite of death resulting from
any cause or hospital discharge with a Cerebral Perfor-
mance Category of 3 or 4 within 90 days. There was also
no difference in adverse events. The results of this study
are difficult to generalize given the complex study inter-
vention, the narrow patient population (>80% witnessed
shockable rhythm with bystander CPR), the relatively
small separation in Pao, goals between the groups (both

of which were well below levels thought to cause oxida-
tive injury), and an opposite trend in treatment effect at
the 2 participating institutions. It is also important to
note that, in all of these studies, interventions to achieve
Pao, targets were not initiated until patients arrived in
the ICU and therefore do not reflect potential benefits
or harms of specific Pao, targets in the first minutes to
hours after ROSC.

Many observational studies have compared the out-
come of patients after CA who have been exposed to a
period of hypoxemia or hyperoxemia with the outcome
of those who have been normoxemic throughout. All of
these studies are significantly limited by residual con-
founding due to lack of sufficient information or adjust-
ment for CA characteristics and other patient factors, as
well as a lack of clarity on the exposure. Definitions of
hyperoxemia have also varied. In addition, these stud-
ies are comparing partial pressure of oxygen or oxygen
saturation values rather than oxygenation strategies.
Especially in the case of hypoxemia, these values are
likely determined by patient severity of illness and not by
management strategy. Even among studies that adjusted
for potential confounders, results are inconsistent [146—
151]. Despite the lack of clarity on this question, because
hyperoxemia has not been found to be beneficial and
some studies suggest harm, the available evidence sup-
ports a strategy of titrating the Fio, down when oxygena-
tion is measurable and adequate.

Ventilation

There are conflicting physiological rationales for target-
ing hypercapnia and hypocapnia in the post-CA setting.
CO, is known to affect the cerebral vasculature, with
hypercapnia leading to vasodilation and hypocapnia to
vasoconstriction. Hypocapnia induced by hyperventila-
tion can cause cerebral ischemia [152, 153]. One RCT
found higher cerebral oxygenation in patients treated
with mild hypercapnia compared with patients with low-
normal Paco, targets [154]. However, hypercarbia could
be harmful in patients with elevated ICP (Fig. 1). Both
existing RCTs comparing different ventilation strategies
(targeting normocapnia or mild to moderate hypercap-
nia) in comatose patients after CA excluded those with
suspected or confirmed elevation in ICP or cerebral
edema and found no significant difference in clinical
outcomes between groups, but they were not powered
for clinical outcomes [142, 154]. Observational studies
have essentially been split among finding benefit [150,
155], no difference [151, 156], and harm [148, 157] from
hypercapnia. Limited observational data on hypocapnia
support either harm or no benefit [148, 150, 156, 157].
It is possible that there are complex interactions among
ICP, CPP, Paco,, and the presence or absence of cerebral
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autoregulation. In addition, how Paco, targets should
be adjusted for in patients with chronic hypercapnia is
unclear, but there is no evidence to suggest that decreas-
ing Paco, below someone’s baseline is beneficial in the
post-CA setting. All these considerations make it difficult
to determine the optimal Paco, for any individual patient
after CA. Arterial blood gas analysis remains the most
accurate way to determine the PaCO,.

Given the paucity of research in this area and the
impact of oxygenation and ventilation on all critical
organs, this is an important area for additional research.
Oxygenation targets at different time points after arrest,
approaches to oxygen titration and ventilation, and the
use of systemic and cerebral monitoring to guide these
approaches are all important research opportunities.

Pulmonary Statements

1. Lung-protective ventilation is a standard of care for
most critically ill patients who are at risk for devel-
oping ARDS, including those who remain comatose
after CA (92%, 22/24).

2. Once a reliable arterial oxygen saturation is available
after ROSC, titrate Fio, to achieve an oxygen satura-
tion (Spo,) of 92% to 98% (91.3%, 21/23).

3. Do not titrate down Fio, until reliable measurements
of the oxygen saturation (Spo,) are available (91.3%,
21/23).

4. Generally, adjust ventilation to target normal Paco,
(35-45 mm Hg) after ROSC. There may be spe-
cific patients for whom higher or lower CO, may be
appropriate. A higher Paco, may be appropriate as
long as pH can be maintained (>7.2). Alternatively,
a slightly lower Paco, within the normal range may
be used to maintain a safe pH (>7.2) in patients with
metabolic acidosis until acidosis can be otherwise
treated (94.7%, 18/19).

Hematologic Management in the ICU

The leading pathology in CA is the cessation of effective
blood flow, leading to a drop in oxygen delivery, causing
cell injury or cell death. One of the main considerations
in the resuscitation process is the optimization of oxygen
delivery to all organs.

Red Blood Cell Transfusion

Hemoglobin is a key determinant of tissue oxygen deliv-
ery. Thus, anemia may be particularly harmful in postan-
oxic brain injury. Anemia is frequent in critically ill
patients. Among CA survivors, a strong linear relation-
ship between hemoglobin and cerebral brain oxygen sat-
uration was observed, suggesting that anemia may play a
role in the development of secondary brain injury [158].

Several retrospective studies have found an associa-
tion between hemoglobin values and outcome among
survivors of CA [159-162]. However, results from these
studies cannot be compared or generalized because of
significant methodological variability across studies,
including when hemoglobin values were assessed; patient
inclusion criteria, including location of CA (in hospital
versus out of hospital or both); thresholds associated with
poor outcome; and transfusion practices. Indeed, even
any benefits of red blood cell transfusion (RBCT) to treat
anemia are balanced by the risk of a transfusion-related
complications. RBCT has been associated with increased
mortality and a higher occurrence of organ dysfunction
in observational studies that included general critically ill
patients [163]. Additional transfusion triggers, either sys-
temic (ie, oxygen saturation or lactate levels) [164] or cer-
ebral (ie, noninvasive oxygen saturation) [158], have been
investigated, although data supporting their role in this
setting are limited.

Given the lack of post-CA-specific data, transfu-
sion strategies follow general guidelines for critically ill
patients [165]. An individualized approach for RBCT
based on the clinical status of the patients rather than on
the isolated hemoglobin level is prudent, and all inter-
ventions should balance the risks and benefits.

Further understanding of the role of anemia and RBCT
on neurological and cardiac function in patients after CA
is important. Data from physiological and prospective
studies could help to design interventional studies and/
or to individualize RBCT in this setting. A well-designed
clinical trial evaluating hemoglobin targets and transfu-
sion practices specifically for patients resuscitated from
CA would be of important value.

Venous Thromboembolism Prophylaxis

Thromboembolism is a major complication in patients in
the ICU resulting from immobilization, mechanical ven-
tilation, systemic inflammation, and indwelling venous
catheters [166]. The diagnosis of deep vein thrombosis
(DVT) and pulmonary embolism in such patients can
be challenging; delayed recognition of these complica-
tions can increase the risk of mortality in critically ill
patients. In patients after CA, risk factors include those
common in all critically ill patients, as well as endothe-
lial damage and the use of hypothermic temperature
control [167]. The use of endovascular catheters for tem-
perature control has also been associated with a higher
rate of thrombotic complications than other tempera-
ture control devices, and this risk could be reduced by
the administration of anticoagulants [168, 169]. Patients
with CA are a subgroup of patients who developed
venous thromboembolism in the absence of early venous
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thromboembolism prophylaxis, a finding that needs to be
validated in a dedicated study in this population [170]. In
the absence of specific studies in post-CA ICU, guidelines
similar to those for other critically ill populations are
appropriate [171, 172]. A recent systematic review and
meta-analysis that included studies in critically ill adults
found that low-molecular-weight heparin may reduce
VTE compared with unfractionated heparin [173]. The
role of mechanical thromboprophylaxis in this setting
remains unclear, although it may be prudent in patients
after CA with ongoing bleeding and expected long ICU
stay.

Given the lack of evidence for this broad topic, stud-
ies are needed to evaluate the occurrence of DVT and
pulmonary embolism after hospital admission among
CA survivors. Because the diagnosis of DVT is highly
dependent on risk factors (ie, almost all present in this
patient population) and clinical presentation (ie, often
unreliable in clinical practice), repeated and routine Dop-
pler venous ultrasound may be necessary. Studies on
the safety and efficacy of early thromboprophylaxis in
patients after CA are warranted.

Hematologic Management Statements

1. As for other critically ill patients, initiate RBCT when
hemoglobin is <7 g/dL; however, higher transfusion
thresholds (ie, <9 g/dL) may be indicated in patients
with acute coronary disease (100%, 21/21).

2. Individualize RBCTs to the clinical situation (81%,
17/21).

3. Initiate DVT prophylaxis within 48 hours after
admission unless there is contraindication (85.7%,
18/21).

4. Low-molecular-weight heparin is the first choice for
DVT prophylaxis (95.2%, 20/21).

5. Low-dose heparin, dalteparin, or reduced doses of
other low-molecular-weight heparins can be used in
patients with kidney dysfunction. Monitoring of anti-
Xa activity may be considered when low-molecular-
weight heparin is used in this setting (90.5%, 19/21).

Digestive System Management in the ICU

Nutrition

Ensuring adequate caloric intake in critically ill patients
is a challenge, and multiorgan dysfunction, infection,
hyperthermia, and preexisting malnutrition can further
compromise the nutritional status of patients after CA
[174, 175]. Malnutrition results in a significant reduction
of muscle mass and strength and in the development of
ICU-acquired weakness, which are independent predic-
tors of ICU mortality [176]. Nutritional support refers
to the provision of calories, proteins, electrolytes, vita-
mins, minerals, trace elements, and fluid. There are no

dedicated clinical trials focusing on nutritional support
in patients after CA in the ICU. Details related to the
daily nutritional goals and formulations of nourishment
are beyond the scope of this scientific statement.

Early (within 24—48 hours of ICU admission) initia-
tion of enteral nutrition (EN) is relatively low cost and is
important to maintain the intestinal barrier integrity and
to provide important nutrient and caloric support [177,
178]; however, because intestinal ischemic injury and
concomitant shock are frequent after CA [179, 180] and
the use of sedatives and analgesic drugs during temper-
ature control might reduce intestinal motility [181], the
tolerance of EN could be limited. One study showed that
patients undergoing temperature control after CA were
able to tolerate a substantial proportion of their EN, and
the routine use of prokinetic drugs may increase the suc-
cess of EN delivery [182]. Moreover, in 2 other studies,
early EN after CA during temperature control appeared
safe and was even associated with better neurological
outcomes [183, 184]. However, a large published study on
early EN versus early parenteral nutrition in patients with
shock [185] suggested a possible harmful effect of the
enteral route, so EN regimens should be carefully evalu-
ated in patients after CA who have hemodynamic impair-
ment. A trophic regimen (ie, 10-20 mL/h) could be the
initial prescribed dose, which could be increased if well
tolerated. Randomized studies in the general critical care
population showed no clear differences between short-
term, early EN and early parenteral nutrition [181, 185].

Randomized trials on nutrition tolerance and effects
on outcome could be relevant in this field. Calculating
energy expenditure and caloric needs remains to be fur-
ther evaluated in CA survivors, especially if they were
treated with temperature control to a hypothermic target
temperature. The role of vitamins and trace elements on
organ function and outcome in these patients needs to be
further evaluated.

Stress Ulcer Prophylaxis

Critically ill patients are at high risk of mucosal damage in
the upper gastrointestinal tract in the acute phase of their
disease. This damage can potentially result in deep and
focal mucosal damage penetrating the submucosa, with
a high risk for gastrointestinal bleeding [186]. Many risk
factors [187] are common in CA survivors. Clinically rel-
evant gastrointestinal bleeding can cause hemodynamic
instability and increase the need for RBCTs, potentially
contributing to increased ICU stay and mortality [186].
Intestinal injury has been described in patients after CA,
could potentially be one determinant for endotoxemia,
and could also worsen post-CA shock and organ failure
[179, 180].
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Acid-suppressive agents such as histamine H2-receptor
antagonists and proton pump inhibitors are used largely
to prevent mucosal damage and to reduce the risk of gas-
trointestinal bleeding. In addition, EN may be protec-
tive against stress-related mucosal bleeding in high-risk
patients [188]. However, whether specific post-CA gastric
injury is present and which is the most effective method
for ulcer prophylaxis between early enteric feeding and
administration of a histamine H2-receptor antagonist or
proton pump inhibitor remain unknown. One specific
consideration in post-CA patients that remains to be fur-
ther demonstrated is whether some proton pump inhibi-
tors such as omeprazole could attenuate the antiplatelet
effect of clopidogrel [189], an oral antiplatelet drug that
is frequently administered in patients after CA who are
undergoing percutaneous coronary angioplasty.

Further studies are needed to define the appropriate-
ness and timing of stress ulcer prophylaxis and the role
for pharmacological prophylaxis compared with, and in
the setting of, EN. Prospective assessment of the inci-
dence of gastrointestinal bleeding is critically important.

Digestive System Statements

1. Initiate EN as soon as possible after ICU admission
(100%, 20/20).

2. In patients with enteral intolerance or shock, start
with trophic EN (rates of 10-20 mL/h) and adjust
according to tolerance (91%, 19/21).

3. Start parenteral nutrition when enteral feeding is not
tolerated or is contraindicated after 5 to 7 days after
CA (100%, 21/21).

4. Give proton pump inhibitor or H2 blockers for stress
ulcer prophylaxis per standard indications in the crit-
ically ill patient (90.5%, 19/21).

5. In patients receiving EN, stress ulcer prophylaxis may
not be necessary (90.5%, 19/21).

Infectious Disease Management in the ICU
In patients who are successfully resuscitated from CA,
early lower respiratory tract infections are common and
may affect up to 60% of patients [190, 191]. These infec-
tions may occur because of initial aspiration during or
after CA or because of complications of mechanical
ventilation. Diagnosing infections among CA survivors
is challenging because of the development of a systemic
inflammatory response after ischemia and reperfusion
[6], with the risk of overexposure of these patients to
unnecessary antibiotic administration and subsequent
risk of drug-resistant organisms. Whether early infec-
tious complications may also affect patient outcome
remains controversial.

Early prophylactic antibiotics have been considered a
reasonable therapeutic intervention in CA survivors to

reduce the risk of early infections. A recent systematic
review and meta-analysis identified 3 RCTs and 8 obser-
vational studies investigating the role of early antibiotic
administration on the outcomes of patients after CA
[192]. No benefits on survival, neurological outcome,
duration of mechanical ventilation, or length of hospital
stay were observed in patients treated with early antibi-
otics compared with others. In addition, the incidence
of pneumonia was not significantly reduced by the early
antibiotic prophylaxis. More recently, a large randomized
trial conducted in France randomized out-of-hospital CA
survivors with an initial shockable rhythm and treated
with temperature control at 32 °C to 34 °C to receive
either intravenous amoxicillin-clavulanate (1 g/200 mg
every 8 hours) or placebo for 48 hours after admis-
sion [193]. The incidence of early pneumonia was lower
with antibiotic prophylaxis than with placebo; however,
no differences in late pneumonia, ventilator-free days,
ICU length of stay, or 28-day mortality were observed
between groups. These results suggest that a strategy of
early and short (ie, 2 days) prophylactic antibiotics can
reduce the occurrence of early pneumonia in CA survi-
vors; these benefits are balanced with the concerns for
antimicrobial resistance when prophylactic antimicrobi-
als are prescribed in this setting.

Biomarkers of inflammation such as procalcitonin and
C-reactive protein have been investigated as prognos-
tic tools of mortality or poor neurological outcome in
this setting [194—196]. However, because the reperfu-
sion injury is characterized by an inflammatory response
[197], C-reactive protein increases both in patients
with infections and in patients without infections after
CA [194]. Similarly, procalcitonin levels did not dif-
fer between patients with and those without infections
after CA [195, 196, 198]. Thus, although both C-reactive
protein and procalcitonin may provide additional infor-
mation on post-CA infection, the information must be
interpreted within the clinical context because there are
insufficient data to use either one in isolation to guide
therapy. In addition, despite systematic reviews suggest-
ing that procalcitonin levels can guide antibiotic dis-
continuation in general critical care patients, thereby
reducing both antibiotic exposure and short-term mor-
tality [199, 200], the role of such a procalcitonin-guided
approach in patients after CA remains undefined.

Given the paucity of research in infectious compli-
cations in CA survivors in the ICU, more research is
needed to fully understand the role of fever and inflam-
mation in relation to infections and outcomes in this
population. Additional randomized trials on the role of
antibiotic prophylaxis are important, and studies may
target other patient populations (ie, in-hospital arrest),
other countries (ie, different bacterial ecology), and
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different antibiotic strategies. Further research on the
role of new biomarkers to rapidly identify patients with
infections and to guide discontinuation of antibiotics or
prolonged antibiotic administration is warranted. This
research is especially important in those treated with
hypothermic temperature control, considering that their
ability to respond to infections may be different.

Infectious Disease Statements

1. Empirical antibiotics may be used in patients who
are treated with temperature management to a hypo-
thermic target after CA to reduce the incidence of
pneumonia (89.5%, 17/19).

2. Do not use C-reactive protein and procalcitonin
to guide antibiotic initiation or duration of therapy
(85%, 17/20).

Endocrine and Fluids Management in the ICU

Patients after CA often have mixed shock states and end-
organ dysfunction. Balancing cardiopulmonary dysfunc-
tion with potential cerebral edema and ischemia requires
a personalized approach to systemic fluid and volume
management. As in other critically ill patients, endocrine
dysfunction may also be present, and management is an
important aspect of critical care for these patients.

General Approach to Volume Management
Volume resuscitation can influence outcomes in septic
shock and ARDS. There is conflicting evidence about
whether a goal-directed approach for fluid administra-
tion is superior to standard volume loading [201-204].
There is also evidence suggesting that excessive volume
resuscitation is harmful and that relative volume restric-
tion is safe after the initial resuscitation phase [205-207].
After initial volume resuscitation, additional fluid admin-
istration should be guided by markers of end-organ
perfusion, including central venous oxygen saturation,
pulmonary arterial catheter, or point-of-care ultrasound.
It is currently unclear whether volume balance should
be managed differently in patients after CA compared
with other ICU populations because of the lack of evi-
dence specific to the post-CA phase. Prehospital cold
saline during induction of hypothermic temperature con-
trol was associated with no benefit and with increased
adverse events [208]. These findings cannot be extrapo-
lated to the inpatient setting because a majority of the
patients did not have a secured airway, and shivering
resulting from cold fluid was inconsistently treated.
Because of the overwhelming heterogeneity in patients
with CA, a single approach to volume resuscitation can-
not be applied to all patients.

Balanced Crystalloid Solutions Compared With Normal
Saline

There are no trials evaluating balanced solutions com-
pared with normal saline specifically in the post-CA
population. However, several trials in other critically
ill cohorts are informative [209-211]. The largest RCT,
the SMART trial (Isotonic Solutions and Major Adverse
Renal Events Trial), demonstrated a lower rate of the
composite outcome of death, renal replacement therapy
(RRT), or persistent renal dysfunction in patients treated
with balanced solutions compared with normal saline
[212]. Numerous systematic reviews evaluated the poten-
tial benefit of balanced crystalloid solutions [213-218].
These analyses had mixed results, which may be due to
the end points chosen (eg, a composite end point in the
SMART trial), the trial designs permitted (ie, prospec-
tive versus observational), and the patient populations
included.

A single approach to fluid selection may not apply to
patients with post-CA syndrome because of the associ-
ated neurological injury. Although data exist describing
the potentially harmful effects of hypotonic solutions
on cerebral edema, data comparing individual balanced
solutions are limited. Clinicians must consider the fact
that balanced solutions are slightly more hypotonic than
normal saline and could aggravate cerebral edema. Addi-
tional prospective studies are needed to evaluate the
effect of hyperchloremia on kidney failure and mortality.

Sodium Bicarbonate

Few data describe sodium bicarbonate use specifically
in the post-CA period. Most studies investigate the role
of sodium bicarbonate for metabolic acidosis in hetero-
geneous critically ill populations, and the available data
do not support routine administration of sodium bicar-
bonate for metabolic acidosis [219]. Two recent studies,
however, suggest benefit with bicarbonate in patients
with extreme acidosis and acute kidney injury (AKI) [220,
221]. The lack of clear effect in the overall population
could be due to the multitude of causes for metabolic aci-
dosis and the possible benefit for some causes (ie, AKI)
but not others (ie, lactic acidosis). Further prospective
research is needed that is specific to patients with post-
CA syndrome or focuses on subgroups most likely to
have physiological benefit.

Renal Replacement Therapy

RRT is used to support critically ill patients who are in
renal failure. Receipt of RRT is generally a marker of
higher illness severity and therefore is associated with
worse outcomes. A notable concern for patients after
CA is the potential for dialysis disequilibrium syndrome,
especially in intermittent hemodialysis, in which RRT can
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cause fluid shifts and rapid changes in solute concentra-
tion, resulting in increased cerebral edema and seizures.

AKT after CA is common (37% of patients) and some-
times leads to RRT (33% of patients with AKI). When
patients with AKI are supported aggressively, renal
recovery is possible, and most patients do not require
long-term RRT [222-224]. AKI after CA is associated
with shock, older age, comorbidities, and illness sever-
ity but, it is important to not, not with iodinated contrast
exposure during the first 24 hours after resuscitation
[223, 225].

Corticosteroids

Lower cortisol levels after CA were associated with
the degree of shock and with mortality during the first
48 hours after CA, with up to 75% of nonsurvivors hav-
ing low cortisol [226, 227]. Supplemental steroids have
inconsistent associations with outcome after CA, but
much of these data precede the era of temperature con-
trol. Two nonrandomized studies compared patients
treated with steroids and those not treated with steroids
after CA and found no significant difference in the inci-
dence of survival or regaining consciousness [228, 229].
Other nonrandomized studies have correlated steroid use
in patients after CA with higher rates of survival to dis-
charge [230, 231].

Clinical trials of steroid administration during and
after CA have found no overall improvement in out-
come but suggest subgroups of interest. Hydrocortisone
administration in the emergency department for patients
during CA increased the ROSC rate in the hydrocorti-
sone group but did not change hospital complications,
survival, or hospital discharge rates [232]. Two trials had
a complex design comparing one group who received
vasopressin, epinephrine, and supplemental corticoster-
oids initiated during CPR and up to 7 days with a group
who received epinephrine and no corticosteroids. Both
trials found that the vasopressin-epinephrine-steroid
group did better than the comparator group [233, 234].
Post hoc analysis of these trials found increased benefit
of steroids in patients with septic shock [235]. A blinded
RCT of 50 patients after CA found no difference between
the hydrocortisone and placebo groups in time to shock
reversal, shock reversal, good neurological outcome, or
survival to discharge [236].

Glucose Management

Glucose control in the general ICU population affects
complication rates and mortality. Conventional glucose
control (140-180 mg/dL) is recommended over intensive

glucose control (81-108 mg/dL) on the basis of a large
randomized trial showing decreased mortality in the con-
ventional group [178, 237]. Hyperglycemia is common
in patients after CA and can be influenced by phase of
temperature control [238]. Hypoglycemia is also harmful
and can worsen secondary brain injury. Because patients
have dynamic physiology in the early hours and days after
CA and because interventions like hypothermic tem-
perature control can alter insulin resistance, short-acting
drugs that are easier to titrate may be best for glycemic
control. Hyperglycemia, glucose variability, and delay in
the correction of hyperglycemia are associated with unfa-
vorable neurological outcomes; however, it is unclear
whether this is due to the hyperglycemia itself, the under-
lying severity of illness, or the aggressiveness of ICU care
[239-241]. One small randomized trial in patients after
CA comparing strict (72-108 mg/dL) with moderate
(108-144 mg/dL) glucose control demonstrated no ben-
efit of strict control on mortality at 30 days [242].

Given the low certainty of evidence, endocrine man-
agement and fluid resuscitation are important topics for
further investigation. Studies investigating the timing
and methods of RRT, especially in the setting of cerebral
edema, are of importance. Investigations into optimal
glucose management and the use of steroids are also
important.

Endocrine and Fluids Management Statements

1. Volume management takes into consideration the
cause of arrest, hemodynamic target chosen, and
underlying organ dysfunction and is individualized to
each patient (100%, 23/23).

2. Balance the risk for cerebral edema with complica-
tions associated with hyperchloremia when choos-
ing intravenous fluid after CA. The preferred choice
in the setting of cerebral edema is normal saline,
although balanced crystalloid solutions may mini-
mize hyperchloremia and the potential for AKI when
cerebral edema is not present (95.7%, 22/23).

3. Do not use sodium bicarbonate routinely in patients
after CA who have metabolic acidosis. Sodium bicar-
bonate may be considered in patients with severe
metabolic acidosis (pH <7.2, bicarbonate <20) and
AKI stage 2 or 3 (82.6%, 19/23).

4. Consider RRT after CA for when life-threatening
changes in fluid, electrolytes, and/or acid—base bal-
ance exist and for conditions that can potentially be
modified with RRT (100%, 23/23).

5. Do not administer empirical corticosteroids to all
patients after CA, although supplemental corticos-
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teroids may be useful to treat persistent shock in
patients with proven or suspected adrenal suppres-
sion (91.3%, 21/23).

6. Consider treatment of hyperglycemia with glucose
targets of 81 to 180 mg/dL (100%, 19/19).

General Critical Care Management in the

ICU: Treatment Protocols, Family Support,

and Team-Based Care

Centers of Excellence

The concept of a CA center of excellence is included in
statements from the AHA and the International Liaison
Committee on Resuscitation [102, 243, 244]. In patients
with multiple diagnoses, including stroke, trauma, and
ST-segment—elevation myocardial infarction, outcomes
are improved in systems of care that cohort patients [245,
246]. In patients with CA, the data on triaging and trans-
porting patients to specialty centers are inconsistent and
influenced by local factors.

A retrospective cohort study of CA care at 37 hospi-
tals in Ontario found that higher-volume centers were
more likely to successfully implement hypothermic tem-
perature control, but there was no impact on premature
withdrawal of life-sustaining therapy or survival with
good neurological function [247]. A large database study
of academic medical centers contributing to the Vizient
clinical database compared characteristics of academic
medical centers with higher-than-average CA survival
rates with those with lower-than-average survival rates
[248]. Centers with higher survival rates had higher CA
and surgical case volumes and were more likely to offer
cardiac catheterization or cardiac surgery. These centers
were also more likely to be located in catchment areas
with higher household incomes and lower poverty rates.
A retrospective analysis of >44,000 patients who sur-
vived CA in Japan found that patients receiving care at
high-volume centers were more likely to be discharged
with a favorable outcome [249]. However, a retrospec-
tive analysis of the 48 hospitals contributing to the Great
Paris Registry found that characteristics of receiving hos-
pitals (including size and cardiac catheterization avail-
ability) were not associated with survival rate at hospital
discharge [250]. This lack of association was explained,
in part, by the presence of a prehospital dispatching pro-
tocol that orients prehospital services to centers with
appropriate resources.

Although some data suggest a trend toward improved
outcomes when patients receive care at specific cent-
ers, these studies may reflect regional factors such as the
presence or absence of prehospital destination protocols

for emergency services, socioeconomic status of the
patient population, characteristics of the destination
hospital, and services offered at the destination hospital.
In addition, the studies are variable in their assessment
for post-CA care. We lack clear data that describe which
hospital characteristics are most directly associated with
improved outcomes. These studies should be consid-
ered in the design of future experimental studies. Given
the lack of data and the potential implications, a general
statement guiding the diversion or transfer of patients to
certain centers during or immediately after a CA could
not be broadly supported. However, it was agreed that
certain post-CA services be offered at centers routinely
providing post-CA care and even advertising expertise
in CA care. Centers routinely providing care for patients
after CA should collect data on their outcomes and rou-
tinely engage in quality improvement activities guided
by data. Additional research is needed to understand
the role of legislated or mandated systems of care based
on designated or certified CA centers. The variable out-
comes reported in studies by hospital destination com-
bined with the resources necessary to develop a system of
care based on CA centers warrant further study.

Protocol-Guided Care

Protocol-guided care is associated with improved adher-
ence to key processes and a decrease in practice vari-
ability, as well as improved patient outcomes. However,
studies suggest that the presence of a protocol in proto-
col-guided care is often more important than the indi-
vidual components of the protocol [251]. In addition, lack
of agreement on what constitutes a protocol complicates
researching the impact of a protocol on patient out-
comes. However, the management of a patient’s post-CA
care is interdisciplinary and often complex. Integration of
multiple disciplines to determine roles, responsibilities,
and the overall scope of care is a reasonable best practice
in the post-CA patient population.

Multiple single-center observational and experimen-
tal studies demonstrate improved outcomes when post-
CA care is organized by the use of protocols [252-254].
Limitations of the studies included lack of homogeneity
in the definition of protocol, components of the proto-
col, and evaluation of outcomes. However, the studies
consistently demonstrated improved patient outcomes,
including improved processes for cardiac catheterization
and temperature control, as well as improved outcomes,
including mortality and measures of functional recov-
ery, when care was organized by the use of a protocol. A
2019 meta-analysis of 6 studies including 1422 patients
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evaluated the impact of a structured care pathway for the
management of early coronary angiography, temperature
control, and ICU care [255]. The meta-analysis found that
patients who were treated with a structured care pathway
had a higher likelihood of favorable functional outcomes
than those treated with standard care.

Supporting the family during the crisis of post-CA
intensive care is also an important component of bundled
care. Studies report high rates of distress and posttrau-
matic stress after a loved one is hospitalized with critical
illness [256, 257]. Family support structures in the ICU,
including social workers, transparent and available staff,
and frequently scheduled updates with a consistent mes-
sage by a stable care team, are important aspects of com-
prehensive care.

Although comprehensive care delivered with an organ-
ized protocol is good practice and should be considered
at centers routinely providing post-CA care, the compo-
nents of each protocol are strongly influenced by local
contextual factors. Protocols that address the aspects of
care (Table 3) are important. Additional research to iden-
tify the importance of individual bundle and protocol
elements is needed. Systems-of-care research that better
identifies which patients should be transferred for care
and at what point in their care spectrum they should be
transferred is also important (Fig. 2). Patients and fami-
lies are central to the care provided in ICUs to patients
after CA. Thoughtful management of complex physiology
requires comprehensive care and expertise.

Treatment Protocols, Family Support, and Team-Based Care
Statements

1. Centers routinely providing post-CA care provide
both physical comfort and emotional support to
patients and families (95.7%, 22/23).

2. Establish structured treatment protocols with input
from multiple disciplines, including emergency, car-
diology, critical care, neurology, nursing, and phar-
macy, for an integrated multidisciplinary approach
(91.3%, 21/23).

3. Centers managing patients after CA should collect
data and evaluate outcomes of care (95.7%, 22/23).

4. Centers caring for patients after CA, particularly
patients with neurological deficits, should offer spe-
cialized post-CA care, including the following:

a. Cardiac catheterization team available 24 h/d
and 7 d/wk,

b.  Temperature control available 24 h/d and 7 d/
wk,

c.  Diagnostic testing available for prognostication,

d. Intensive care team with specialty knowledge in
post-CA care,

e.  Practitioners with expertise in interpretation of
diagnostic testing for prognostication after CA,

f.  Patient and family support at discharge and pro-
vision of follow-up care after CA, and

g. EEG monitoring capabilities (82.6%, 19/23).

5. In patients after CA who remain unresponsive after
ROSC, structured treatment protocols can be helpful
and defined in terms of bundles of care with a spe-
cific goal-directed approach (85.7%, 18/21).

Table 3 Topics addressed in postarrest care management protocols

opic Subjects that may be included

Oxygenation and ventilation
Early cardiac catheterization

Indications for intubation, ventilation strategies, pulmonary care
Protocol for rapid access to catheterization

Cardiac and hemodynamic optimization Early cardiac diagnostics, assessing fluid status and responsiveness, evaluating cardiac parameters, optimizing
MAP, using mechanical circulatory support

Temperature control

Timing, location of interventions, sedation or analgesia for temperature control, use of cooling device with

feedback loop, assessment and management of shivering

Neurological care

Evaluation and monitoring for seizures, rapid interpretation of EEG with feedback to clinical team, use of

medications to treat seizures, protocols for other neuromonitoring, standardized approach to neuroprog-

nostication
Endocrine and metabolic care
Family and caregivers

Rehabilitation
and treatment

Glycemic control, electrolyte management, and monitoring and treating pH disturbances
Supportive multidisciplinary team, regular structured meetings
Comprehensive rehabilitation teams, including PT, OT, SLP, and cognitive and neuropsychiatric evaluation

EEG electroencephalography, MAP mean arterial pressure, OT occupational therapist, PT physical therapist, SLP speech-language pathologist
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* Use lung-protective ventilation

* Titrate Fio, for oxygen
saturation of 92%-98%

* Target normocapnia and
normal pH unless other
competing factors preclude

« Transfuse RBCs when
indicated

« Start VTE prophylaxis

* Use empiric antibiotics
in specific situations

« Balance volume
resuscitation with

Patient- and Family-
Centered Care

« Assess neurological status frequently,
including in comatose patients
* Respond promptly to neurological changes

« Balance interventions to preserve
brain perfusion and oxygenation
with cardiopulmonary function

* Monitor for seizures with EEG as
early as possible after CA, during

rewarming, and at least daily in

patients who remain unconscious
 Characterize and respond to
different types of myoclonus

« Monitor for elevated ICP
and brain hypoxia through
noninvasive or invasive
methods depending on local
experience and expertise

« Target neurologic resuscitation

cerebral edema
concerns

* Renal replacement
therapy is often needed
acutely

« Control glucose

« Use corticosteroids as
in other shock states

treatment protocols

« Start enteral nutrition
« Use PPl and H2 blockers per
general critical care practices

* Use structured multidisciplinary

« Update surrogates early and often and
acknowledge areas of uncertainty

* Involve surrogates in shared decision-making

« Train clinicians in goals of care discussions

Fig. 2 Critical care management of the patient after CA addresses multiple organ systems and includes patient- and family-centered care. CA car-
diac arrest, EEG electroencephalogram, ICP intracranial pressure, PP proton pump inhibitor, RBC red blood cell, VTE venous thromboembolism

to the individual patient

* Maintain adequate
perfusion to end-organs,
including heart and brain

* Individualize shock
management and
hemodynamic support

« Evaluate need for
mechanical circulatory
support devices

* Pursue early coronary
angiography

KJ-1578 ©2021 American Heart Association

General Critical Care Management: Goals-of-Care
Discussions and Family and Surrogate Support
Initial literature searches focused on elucidating whether
structured family meetings or other specific interven-
tions improved family satisfaction, relieved symptoms of
distress and anxiety, or affect care decisions specifically
in the post-CA patient population. Because the resusci-
tation event itself is addressed in other AHA guidelines,
studies evaluating family support during the resuscita-
tion event were also excluded. Most publications on fam-
ily support during a hospital admission for CA focused
on family presence during the resuscitation event or do-
not-resuscitate decision-making, thereby limiting their
applicability to the topic covered here. Rates of organ
donation after CA are increasing, and systems to support
families during this process are also important. This topic
was addressed in recent guidelines and is not readdressed
here [7].

Of the studies that were identified, many were not
specific to the CA patient population. Studies generally
included a mixed patient population and included sur-
rogates making decisions in multiple care environments.
Still, the writing group felt it was important to explore
how to best support caregivers, patients, and families
during their ICU stay after CA. The literature review and
discussion focused on shared decision-making, and sev-
eral publications were identified that informed the dis-
cussion about patient and family support.

A commentary highlights the fluid nature of shared
decision-making between a physician and the patients
and/or families [258]. Although patient and family pref-
erences may guide the approach used, the nature of the
decision being discussed, the history of the clinician-
patient relationship, and the clinician’s skill at navigating
the discussion are all factors that affect the experience.
Several studies highlight the skill of the clinician as a key
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characteristic influencing the outcome of a goals-of-care
conversation.

A systematic review of 47 resuscitation articles [259]
aimed to identify factors, facilitators, and barriers in
do-not-attempt-CPR  decision-making. The system-
atic review concluded that a team approach (including
patient and family when able), early and reviewable deci-
sion-making, and the use of commonly understood lan-
guage were associated with an improved experience for
the patient, their family, and clinicians. In addition, con-
scious and unconscious decisions by staff influence treat-
ment of patients with do-not-attempt-CPR orders.

Additional studies highlight the clinician-related fac-
tors that influence shared decision-making. In one study,
language used by clinicians significantly influenced
the outcome of discussion about life-sustaining treat-
ment, whereas emotion from the clinician did not [260].
Another showed that clinician perception and beliefs
about the surrogate are a significant factor in the out-
come of a discussion about the appropriateness of CPR
[261]. Concerns about health care professionals’ explicit
and implicit biases, challenges with expressing uncer-
tainty, and limitations in communication and shared
decision-making led to the writing group including sev-
eral statements addressing the importance of including
and supporting caregivers and families during the ICU
stay.

Goals-of-Care Discussions and Family/Surrogate Support
Statements

1. Include patients and/or surrogate decision makers as
active participants in care and care decisions. These
conversations should occur frequently and be clearly
documented for other health care professionals
who are not present during the conversations (96%,
22/23).

2. Clinicians involved in goals-of-care decision-making
may benefit from additional training to develop key
skills and to address individual biases when facilitat-
ing these discussions (96%, 22/23).

General Critical Care Management: Neurological
Assessments

As a result of audience suggestions during the open ses-
sions at the in-person consensus conference, the topic
of neurological assessments indicated in the post-CA
patient was addressed. Bedside nursing staft frequently
assess neurological status when providing care in the
ICU. There is no standard for the frequency of clinical

Table 4 Components of comprehensive assessment
for post-CA patients with neurological impairment or
coma

Neurological examination of the comatose patient

Level of consciousness

Pupil size and response

Eye movements

Blink to threat

Corneal reflex

Motor examination (including reflex movements)
Response to pain

Cough reflex

Gag reflex

Oculovestibular reflex

Oculocephalic reflex

Respiratory pattern

Vital signs (heart rate, blood pressure, respiration rate)

CA indicates cardiac arrest

neurological assessments or for the specific components
of a comprehensive examination. Several opinion and
consensus publications outline a comprehensive neu-
rological clinical examination, but few address how fre-
quently assessments should be performed [262, 263].
A single-center retrospective observational study of
patients with traumatic brain injury concluded that
hourly neurological assessments are beneficial during
the acute phase of injury, and a prospective observa-
tional study of patients with spontaneous intracerebral
hemorrhage found hourly neurological examinations
in the ICU to be an effective surveillance technique for
patients at risk for deterioration [264—266]. No studies
were identified that addressed the frequency of neuro-
logical assessment in patients after CA. Furthermore, fre-
quent assessment when the patient is no longer at risk for
deterioration may be associated with disrupted sleep and
worsened outcomes and should be avoided [267, 268].
Quantitative pupillometry is a relatively new technol-
ogy that allows objective quantification of the pupillary
examination with a handheld portable device. Pupillary
examination estimating size and degree of reactivity by
health care professionals is often unreliable, particularly
when the pupils are unequal or poorly responsive [269].
Quantitative pupillometry has been studied in multiple
neurological diseases and found to be valid and reliable
at detecting worsening pupillary function and associated
neurological events such as cerebral edema or midline



24

shift [270-272]. Use of these devices may also detect
small pupillary changes before a health care professional
detects the change. Studies of pupillometry in patients
after CA have focused on early prognostication and
therefore were not included for consideration. The evalu-
ation of quantitative pupillometry for this statement was
based on its ability to identify changes in pupillary reac-
tivity that may merit further diagnostic or therapeutic
interventions.

Frequent neurological assessments are warranted in
patients after CA because they are at high risk for dete-
rioration due to various causes. Early recognition of dete-
rioration might guide additional evaluation and a change
in management strategy and may affect the patient’s out-
come. Although frequency may be directed by patient
circumstances and acuity, assessment at least every 1
to 2 hours is reasonable. Frequent neurological assess-
ments are prioritized in the first 5 days after the CA,
when patients are at highest risk for neurological decline.
Patient acuity may dictate the frequency of assess-
ment after this period. Key aspects of the neurological
examination that are included in frequent assessments
are given in Table 4. The panel also noted that although
quantitative pupillometry may be a useful adjunct to the
clinical neurological examination, the technology may
not be globally available because of cost and distribution
considerations. Neurological examination findings are
subject to confounding by multiple factors (medications,
acute organ dysfunction), and the impact of these con-
founders is important to evaluate.

Neurological Assessment Statements

1. Assess neurological status frequently in patients who
have an abnormal neurological examination after CA
(90%, 18/20).

2. Patients who are in a coma may benefit from a com-
prehensive neurological assessment. Table 4 gives the
components of the neurological examination when a
patient is unresponsive (100%, 20/20).

3. Evaluate quantitative pupillometry in patients who
have an abnormal neurological examination and/or
who are receiving significant doses of sedatives, anal-
gesics, or paralytics (95%, 19/20).

4. Changes in a neurological examination prompt
timely evaluation of the need for further diagnos-
tic tests to identify potentially treatable causes. The
clinical treatment team has the ability to respond to
monitoring changes by optimizing postresuscitation
care (100%, 18/18).
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