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Review

Brain injury after cardiac arrest: from prognostication of
comatose patients to rehabilitation

Tobias Cronberg, David M Greer, Gisela Lilja, Véronique Moulaert, Paul Swindell, Andrea O Rossetti

More patients are surviving cardiac arrest than ever before; however, the burden now lies with estimating neurological
prognoses in a large number of patients who were initially comatose, in whom the ultimate outcome is unclear.
Neurologists, neurointensivists, and clinical neurophysiologists must accurately balance the concern that overly
conservative prognostication could leave patients in a severely disabled state, with the possibility that inaccurately
pessimistic prognostication could lead to the withdrawal of life-sustaining treatment in patients who might otherwise
have a good functional outcome. Prognostic tools have improved greatly, including electrophysiological tests,
neuroimaging, and chemical biomarkers. Conclusions about the prognosis should be delayed at least 72 h after arrest
to allow for the clearance of sedative drugs. Cognitive impairments, emotional problems, and fatigue are common
among patients who have survived cardiac arrest, and often go unrecognised despite being related to caregiver burden
and a decreased participation in society. Through simple screening, these problems can be identified, and patients
can be provided with adequate information and rehabilitation.

Introduction

After major improvements in pre-hospital management,
patients who are comatose who have been successfully
resuscitated from cardiac arrest have become increasingly
common in intensive care units. The current recom-
mendations for initial post-resuscitation care from the
European Resuscitation Council (ERC) and the European
Society for Intensive Care Medicine (ESICM) include
artificial ventilation, sedation, and targeted temperature
management at 33-36°C for 24 h, initiated within 6 h of
cardiac arrest.! Neurologists, clinical neurophysiologists,
and neurointensivists have a central role prognosticating
the neurological outcomes for patients not awakening
after sedation clearance. This task can be challenging, and
commonly requires multiple tools, including neurologi-
cal examination, neurophysiological tests, neuroimaging,
and chemical biomarkers. Results are preferably evaluated
together: relying on any single test is strongly discouraged
to avoid false-positive predictions of a poor outcome. A
forecasted poor outcome typically leads to the withdrawal
of life-sustaining therapy (WLST) and death. Hence the
prediction precision, usually reported as specificity, should
be maximal.

Different practices of neuroprognostication and WLST
most likely explain why only a few patients who have
survived long term have a severe neurological disability
in most European countries and the USA,** which con-
versely represents a common condition in regions where
WLST is not practised.*” Patients who survive cardiac
arrest generally do well in terms of their health-related
quality of life and activities of daily living. However,
fatigue, cognitive impairment, and emotional problems
are common (panel) and frequently go unrecognised.
Although most previous studies crudely classified out-
comes as good or poor, methodological advancements in
the last decade enable a more detailed assessment of
the extent of anoxic brain injury and nuanced neu-
ropsychological outcomes, which is more useful in clini-
cal practice.
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The goal of this Review is to provide a practical approach
to the prognostication, follow-up, and rehabilitation of
post-anoxic brain injury. We refer to a previous review in
The Lancet Neurology,® and focus our systematic literature
search on more recent (within the last 5 years) develop-
ments. We prioritise discussion of commonly available
methods, supported by evidence from multiple sources.
Unless stated otherwise, the presented studies are cohort
analyses of one or several centres. Throughout this
Review, unless indicated otherwise, a poor prognosis
means a poor neurological outcome is likely, classified as
Cerebral Performance Category (CPC) 3-5, and a good
prognosis refers to an expected CPC of 1-2.

Patient assessment in intensive care

Clinical examination

For patients who are comatose after cardiac arrest,
neurological assessments should be done serially, ideally
without residual sedation. The Glasgow Coma Scale and
the Full Outline of UnResponsiveness’ are the most com-
monly used clinical scores. Although the Full Outline of
UnResponsiveness score is equal to or better than the
Glasgow Coma Scale in most conditions, evidence for its
use in cardiac arrest is still scarce.® The former, especially
the verbal subscore,® loses accuracy in patients who are
intubated; therefore, the Full Outline of UnResponsiveness
score is our preferred test.

The bilateral absence of pupillary light reflexes 72 h after
cardiac arrest strongly indicates a poor prognosis, includ-
ing most likely a poor outcome (specificity 99%). The
absence of corneal reflexes at 72 h has a similar importance
(specificity 95%); however, the sensitivities of the absence
of pupillary light reflexes (approximately 20%) and corneal
reflexes (approximately 30%) are low.® Attention to tech-
nique is paramount.’ Absent pupillary reflexes on admis-
sion are also associated with a poor prognosis, but with
unacceptably low specificity (at best, 70%).” The effect of
absent or extensor motor responses on the outcome might
be biased by sedatives and a neuromuscular blockade, and
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Panel: Patient perspective by Paul Swindell, a patient who survived cardiac arrest

“In April, 2014, | was 48 years old, and had a healthy lifestyle with a good diet and regular
exercise routine, which meant | was the fittest I'd been for years.

| arrested unwitnessed at home, and it was serendipitous that my wife chanced upon my
motionless body. Controlling her shock and rising panic, she bravely started the chain
of survival.

Stabilised by the emergency services then taken to the Essex Cardiothoracic Centre, | was
cooled and comatose for 2 days. 2 weeks later, | appeared coherent and relatively ok, and
as testing (coronary angiogram and MRI) proved negative, | received an implantable
cardioverter-defibrillator and a diagnosis of idiopathic ventricular fibrillation. Discharged
with just a device appointment, | was advised to live life as before, and if | had any issues
to call the hospital or my general practitioner.

Once home, a short walk left me with the same state of lassitude that | had experienced
completing a marathon years earlier. | felt dazed and confused, and had various
non-cardiac issues: emotional instability, fatigue, constant headache, sensory sensitivities,
lack of focus and concentration, and fragmented communication skills. | felt like a cadaver
on autopilot.

Weeks passed with little improvement, and a visit to a general practitioner didn’t help as |
felt he didn't really understand my predicament, perhaps characterised by the remark,
‘what do you expect, you were dead?’ Without obvious heart issues, | didn't feel the need
to recourse to the hospital and, consequently, my wife and | felt quite abandoned.

Attempting to shake the tiredness and headache, | resumed some activities. Whilst
helpful for my mental state, | found it difficult to gauge the optimum levels and regularly
found myself exhausted with the need for more recuperation. A lack of guidance and
knowledge of what was normal meant | was often in a state of flux.

My wife was also suffering, as she was continually in a state of hypervigilance, checking

that I was not going to leave her and our children again. In time, this state abated but
later resurfaced, and she was subsequently diagnosed with post-traumatic stress disorder.

Desperate for help | saw a neurologist privately and, although exhausting, it benefited
us enormously. He was the first doctor who had really listened and considered the

bigger picture.

| also sought help online and found others with a similar experience, and consequently set
up Sudden Cardiac Arrest UK, which has benefited not only my family but also many
others who have been similarly left wanting after this life-changing event.”
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are therefore less reliable as indicators of a potentially
poor outcome in patients undergoing targeted temperature
management (specificity <76%, sensitivity 88%).° Localis-
ing movements" herald a good prognosis, representing
one of the few clues in this direction (sensitivity 76%).¢
Post-anoxic myoclonus (also called status myoclonus if
persisting >30 min) has long been considered a reliable
indicator of a poor prognosis; however, up to one in ten
patients might still have a favourable outcome.?” Post-
anoxic myoclonus is observed in about 20% of patients
with cardiac arrest; of these patients, 55-89% have a
concomitant epileptiform electroencephalogram (EEG).>*
In the remaining patients, the myocloni most likely arise
from subcortical structures; in fact, the absence of a
cortical EEG association is considered a poor prognostic
sign,® and about two-thirds of patients with an epileptiform
EEG have myoclonic twitches.” It is paramount to consider

myoclonus with a multimodal approach, integrating
semiology, timing, and most importantly, EEG findings. It
is generally taught that massive, axial jerks might be
associated with highly malignant EEG patterns, whereas
brief, mostly multifocal jerks do not always herald a poor
prognosis; however, the clinical-neurophysiological associ-
ation of myoclonus appears unreliable.*” EEG show-
ing underlying continuous, reactive patterns suggests a
treatable post-anoxic myoclonus, most likely representing
early forms of Lance-Adams syndrome.**** This syndrome
might be incapacitating initially, but responds to treatment
and is compatible with a good long-term outcome.™"
Since the clinical examination is commonly tarnished
by subjective interpretation and an absence of clearcut
threshold values, objective tools are of utmost import-
ance: quantitative pupillometry is associated with neu-
ronal injury, estimated by elevated serum neuron-specific
enolase (NSE) concentrations,” with 100% specificity and
61% sensitivity for a poor outcome, which is clearly
superior to standard pupillary light reflex examination.”*
However, the use of different devices and methods limits
the generalisability of quantitative pupillometry, prevent-
ing routine implementation. Awaiting further data, this
quantitative approach might help in addition to standard
protocols, especially in situations of unclear prognosis.

Somatosensory-evoked potentials

The bilateral absence of cortical somatosensory-evoked
potentials (SSEPs) after median nerve stimulation (so-
called N20 responses) robustly predicts a poor outcome
(specificity >99%), but with little sensitivity (43—49%).%"
Although an analysis of 35 studies including 3816 patients
suggested that the specificity might be only 93% (cons-
idering WLST triggered by SSEP results®), a non-
systematic review of patients surviving despite the
absence of cortical SSEPs underscored that the specificity
approaches 100% if technical and other issues influencing
the results are considered.” Regardless, widespread SSEP
availability is suboptimal because of not enough recording
software and trained personnel, and a redundancy with
EEG findings has been noted.* Consideration of N20
amplitudes might improve the sensitivity for a favourable
outcome; studies have identified a range of less than
0-62-0-65 pV for a poor prognosis (specificity 100%,
sensitivity 57-71%), suggesting that patients with ampl-
itudes greater than 2-5 pV do not have severe brain
damage.”* However, validation is required before routine
implementation.

Seizures and EEG

EEG is a cornerstone of prognostication and is able to
identify patients destined for poor or good outcomes.t
A standard EEG assessment adhering to the validated
American Clinical Neurophysiology Society (ACNS) termi-
nology” is encouraged, not only to optimise generalis-
ability but also to facilitate comprehensive description
of the so-called ictal-interictal continuum, a spectrum of
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alterations with prognostic and therapeutic implications.
Identification of highly malignant patterns (suppressed or
burst-suppressed EEG, with or without superimposed
epileptiform discharges) has a reported specificity of 100%
(but sensitivity as low as 5-50%) after targeted temperature
management (figure 1).* This scoring strongly relates to
other clinical, biochemical, and neurophysiological prog-
nostic variables, highlighting the central role of EEG in
multimodal prognostication.” The discriminative perform-
ance seems more robust at 12-24 h after cardiac arrest;**
furthermore, routine targeted temperature management
and sedation do not substantially alter the prognostic value
of EEG.™

The return of continuous baseline activity is a favourable
sign, with the sensitivity for a good outcome being
between 63% (at 12 h), 80% (at 30 h), and 98% (within
120 h),"”**but with one important caution: a coma (frontally
predominant, monotonous, and unreactive activity in the
low a range) is strongly linked to poor outcome.® Also,
early background discontinuity during targeted temp-
erature management is still compatible with a good
outcome.” Background reactivity to stimulation heralds a
good outcome, with sensitivity up to 93%,° but its use is
limited by a variable inter-rater agreement:*** a Dutch
multicentre study of 160 patients reported a specificity for
a poor outcome of only 82% with absent reactivity” (which
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(Figure 1 continues on next page)
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Figure 1: Examples of highly malignant EEG patterns

(A) EEG of a 58-year-old man 48 h after cardiac arrest (pulseless electrical activity, cardiac cause, and time to return of spontaneous circulation 35 min), after targeted
temperature management (36°C, propofol weaning), with the EEG showing burst-suppression with non-epileptiform bursts (diffuse, irregular, 8), unreactive to stimuli.

He only triggered respiration on examination. SSEP-N20 potentials were bilaterally
life-sustaining therapy 4 days after cardiac arrest. (B) EEG of a 51-year-old man 59 h
spontaneous circulation 25 min), who was normothermic, off sedation, with a diffu

absent, and peak serum NSE at 48 h was 83 ng/mL. He died after the withdrawal of
after cardiac arrest (ventricular fibrillation, cardiac cause, and time to return of
sely suppressed background, and not reactive to auditory stimulation (marks at the top

of the figure; note also electrocardiogram artefacts of clapping hands, and periodic EEG respiration artefacts). Clinically, he only triggered respirations; SSEP-N20 potentials
were bilaterally absent, and peak serum NSE at 24 h was 197 ng/mL. He died after the withdrawal of life-sustaining therapy 4 days after cardiac arrest. (C) Example of
epileptiform EEG patterns compatible with awakening. EEG of a 77-year-old man 48 h after cardiac arrest (ventricular fibrillation, cardiac cause, and time to return of
spontaneous circulation 17 min), after propofol weaning, showing a continuous 6-6 activity with superimposed, diffuse low-medium voltage periodic discharges; the
background acelerated upon auditory stimulation (marks at the top of the figure), and the epileptiform elements disappear transiently. SSEP-N20 potentials were

bilaterally present, and peak serum NSE at 24 h was 21 ng/mL. After receiving clona:

zepam, levetiracetam, and valproate intravenously, he awoke on day 5 and reached a

Cerebral Performance Category of 2 at 3 months. EEG=electroencephalogram. NSE=neuron-specific enolase. SSEP=somatosensory-evoked potentials.

is concerning, but possibly underestimated).* Video-EEG
association and standard stimulations should always be
applied to optimise accuracy.

Similar to overt clinical seizures, an epileptiform EEG is
often associated with a poor outcome; however, import-
ant exceptions are identifiable with the use of multi-
modal prognostication. Of note, clinical-neurophysiological
associations are variable; therefore, we advise the use
of ACNS EEG terminology,” especially in the absence
of clearcut electrographic seizures (which are rare in
this setting). There is no evidence supporting the use
of prophylactic treatment with antiepileptic agents. A
current study is evaluating post-cardiac arrest aggressive
antiseizure management in an intended 172 patients
(TELSTAR).* Repetitive electrographic epileptiform dis-
charges, including seizures or status epilepticus, occur in
20-30% of patients who survive cardiac arrest,®” his-
torically associating with a poor outcome. However, at least
10% of these patients might awaken with appropriate
treatment.*” A continuous, reactive EEG background
with peri-midline epileptiform discharges,* after targeted
temperature management, and with preserved brainstem
reflexes,””**** might identify patients with a better prog-
nosis. Conversely, absent bilateral cortical SSEPs identify
patients in whom treatment seems futile.® In patients with

a potentially favourable prognosis, we recommend anti-
epileptic agents such as benzodiazepines, valproate, and
levetiracetam;® without solid evidence, this recommenda-
tion is based on our experience. Pharmacological coma
with midazolam or propofol, or both, might be indicated
in refractory cases; additional options include perampanel,
zonisamide, or topiramate.® The optimal treatment
duration is also unknown, but in our experience, a
reasonable trial is 2-3 weeks, with an extension in select
patients (eg, patients without severe premorbid conditions,
or younger than 60 years, or both, with NSE concentrations
that are not high and an otherwise favourable multimodal
assessment). There is still no solid evidence that such
treatment, beyond decreasing EEG epileptiform activity,”
leads to improved outcomes. Long-lasting intensive care
might be indicated; one study described three patients,
aged 50, 51, and 71 years, with extended EEG burst-
suppression and epileptiform discharges but an otherwise
favourable multimodal assessment, who started recovering
several weeks after cardiac arrest; all had 0 frequency
within their bursts.®

Although in some centres continuous EEG is done for
up to 48-72 h, repeated standard (20 min) EEG might
represent an alternative for hospitals with few resources,
without any discernable influence on the outcome.”

www.thelancet.com/neurology Vol 19 July 2020
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Because the EEG typically evolves over time, also reflecting
changes in the concentration of sedatives,” continuous
or repeated assessments are recommended in the first
48-72 h. Reduced electrode montages seem suited for
background assessment, but might be less sensitive
for seizure detection.**

The ACNS EEG terminology does not prevent the
subjective assessment of reactivity or so-called modifiers,
such as superimposed rhythmic or sharp activity. To
further improve objectivity, automated EEG interpretation
seems promising, especially with machine learning (area
under the curve for good outcome prediction is 0-80 vs
0-69 for expert reading),” or with the attempted identi-
fication of machine-used variables to prognosticate (which
are strikingly similar to the human eye).* Agreement
with expert reading seems good (k=0-71). The principal
limitation of these techniques is their generalisability,
because each group that studied this technique developed
their own procedure; furthermore, the number of possible
mathematical approaches is virtually endless. Prospective,
multicentre efforts are urgently needed.

Neuroimaging

Imaging represents an adjunct tool in neuroprognostica-
tion and is the only modality providing a visual picture of
structural brain injury. The degree of imaging can be
quantified and followed through repeated examinations.
Furthermore, advanced tools, such as diffusion tensor
imaging of whole-brain white matter, can give deeper
insight to functional recovery, especially in patients with
long-term disorders of consciousness.*

The two most common modalities used in the initial
post-cardiac arrest period are CT and MRI. Both are
widely available, non-invasive, and safe, even in patients
who are intubated in an intensive care unit. The choice of
modality and timing should consider patient factors,
such as respiratory or haemodynamic stability. CT might
be normal initially, even in patients with an ultimately
poor prognosis, but might be useful to identify severe
early oedema (poor grey-white matter differentiation,
sulcal effacement, and cisternal compression), which is
highly likely to herald a poor outcome and possibly
progression to brain death.” If the CT is unrevealing, an
MRI at 3-5 days after cardiac arrest might be appropriate,
because this timepoint appears to be the most sensitive
to indicate the degree of injury.**

A systematic review and meta-analysis of 44 studies,
including 4008 patients, evaluated CT and MRI predic-
tive accuracies.” Decreased CT grey-white matter ratio
(20 studies) predicted a poor outcome with a specificity of
97%, but a sensitivity of 44%; similarly, diffusion-weighted
imaging abnormalities on MRI had 92% specificity
(improving to 95% when combining fluid-attenuated
inversion recovery sequences with diffusion-weighted
imaging) and 77% sensitivity. However, there was a marked
heterogeneity in the timing of the imaging and neurological
assessments, and MRI abnormality quantification was

www.thelancet.com/neurology Vol 19 July 2020

Figure 2: Spectrum of an MRI-detected global ischaemic injury after

cardiac arrest

(A) MRI of a 56-year-old patient with a 30 min pulseless electrical activity arrest.
Diffusion-weighted imaging (left) shows diffuse and severe injury throughout the
basal ganglia and cortex. The patient remained comatose and died after the
withdrawal of life-sustaining therapy on day 9 after arrest. (B) MRI of a 27-year-old
woman with cardiac arrest because of ventricular fibrillation and 8-15 min of
resuscitation. Initial Glasgow Coma Scale motor score was 4 (flexion to painful
stimuli), and she developed eye opening by day 7. Her MRl on day 7 post-cardiac
arrest showed diffusion-weighted changes in the thalami (left) and white matter
(right) bilaterally. She recovered to have a modified Rankin Scale score of

2 at 6 months, and continues to receive rehabilitation, including cognitive training.

scarce or absent. Figure 2 shows examples of the spec-
trum of MRI abnormalities after cardiac arrest. Impor-
tantly, global mild MRI changes might be compatible with
a good outcome.**!

Study findings have called into question the accuracy
of grey-white abnormalities on early CT after targeted
temperature management,” and technical differences
might lead to discrepant results.” The overall quality of
evidence for neuroimaging appears low.”* Nonetheless, the
use of this method has been included in prognostication
guidelines.' Given the data quality, however, recommenda-
tions have suggested the use of “diffuse anoxic injury
on brain CT or MRI” as a lower-tier prognostic factor,
again without quantification or a clear definition of what
diffuse denotes.

Blood biomarkers

Breakdown products from neurons and astrocytes meas-
ured in the serum after cardiac arrest constitute a rapidly
developing field. NSE and glial S100 protein have been
clinically available for several years. High NSE serum
concentrations within the first 48-72 h are recommended
for prognostication,"” and seem superior to S100; there was
no added value in combining these two markers.” NSE has
a reasonable prognostic performance (sensitivity 52-63%,
specificity 95-100%),” is available on standard analytical
instruments, and was used as a surrogate for brain injury
in clinical trials for cardiac arrest.”** Ease of sampling and
interpretation, little effect from sedation, and quantitative
measurement of brain injury represent advantages com-
pared with other methods. The major limitations are the
absence of calibration standards between laboratories
and analytical methods, no consensus on cutoff values, and
possible contamination by haemolysis, because NSE is also
present in erythrocytes.*> Low NSE provides evidence
against severe hypoxic-ischaemic brain injury.” Among the
many new serum biomarkers, neurofilament light chain
appears most promising. In a large study of 782 patients, it
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Timing

Notes

Neurological examination:
Full Outline of
UnResponsiveness score

EEG

Chemical biomarkers
neuron-specific enolase
T
Somatosensory-evoked
potentials

MRI

EEG=electroencephalogram.

Daily; base prognostication on
results =72 h after arrest, off
sedation

Continuous monitoring until
awakening; or routine EEG at
12-24 h and repeated after
sedation weaning (48-72 h) for
patients still comatose

Daily for the first 3 days. Omit or
interrupt if patient wakes up

For patients still comatose at
48-72h

Triage by EEG results. For
patients still comatose at
48-72h

Day 3-5 after arrest

Poor motor examination no longer
considered highly specific for a poor
prognosis

Highly malignant EEG patterns might
evolve over time and follow a trend.
Reactivity should be assessed; its presence
might portend a better outcome

Trend over 3 days (of neuron-specific
enolase) might be helpful to exclude
contamination; rising values over 24-48 h
suggest a brain origin

CT on admission helps exclude a CNS
cardiac arrest cause (eg, intracranial
haemorrhage) in some patients

Bilateral, technically optimal assessment in
patients without cortical responses is
mandatory

Necessary only if initial CT not already

showing severe anoxic injury. Advanced
techniques (diffusion tensor imaging,
functional MRI) might be considered in
specialised centres

Table 1: Proposed algorithm for the timing of neuroprognostic tests

616

outperformed S100, NSE, and S-Tau, as well as EEG, SSEP,
and brain CT.*

Multimodal prognostication

An approach in which multiple methods are combined is
recommended by guidelines™ and experts,® but any
supporting evidence is still scarce. Two fundamentally
different strategies exist. In a stepwise approach, addi-
tional investigations might be added until a hypothesis is
supported, typically predicting a poor prognosis. Another
approach is to routinely gather and balance as much
evidence as possible for and against a poor (or good)
prognosis. Although the stepwise approach is prone to
confirmation bias, the parallel approach is more complex,
costly, and possibly less efficient. Combining SSEP with
CT and EEG in a stepwise approach with a specificity set
at 100% led to a sensitivity of 74-4%. However, if a positive
finding in two-thirds of all tests was required, the sensi-
tivity declined to 49-7%.° The currently most widely used
multimodal algorithm is from the ERC ESICM guidelines,'
requiring evidence from two or more methods to reliably
forecast poor prognosis. A validation study reported a
100% specificity of this algorithm, but only 28% sensi-
tivity:" there is apparently a consequence to safe predic-
tions, highlighting an urgent need for novel methods with
high sensitivity.

A practical approach to prognostication and
related decisions

A daily neurological examination, including the formal
testing of brainstem reflexes, appears effective to monitor
functional recovery; the occurrence and distribution of

myoclonus should be noted. We recommend continuous
or routine EEG in all patients within the first 24 h, and
serial daily serum NSE sampling. Although only a small
group of patients die during the first 1-2 days, mainly
because of cardiac or multiorgan failure, a large proportion
wakes up after sedation is discontinued at 24-36 h.®
Short-acting sedatives allow earlier awakening,* and most
patients with an early awakening have a favourable trajec-
tory and require no further testing.”® For those remaining
unconscious, additional NSE sampling at 48 h and possibly
72 h, another EEG at48-72 h and brain imaging (preferably
MRI) is recommended (table 1). On the basis of EEG
results, patients might be stratified for SSEP.*

To reliably predict a prognosis, we recommend the use
of the ERC ESICM algorithm,' which is currently under-
going an update. This algorithm supports a multimodal
approach (rather than relying on any single test), taking
into account sedation effects and advocating for patience
and delayed prognostication in cases of uncertainty.
Accordingly, prognostication should start at 72 h after
cardiac arrest (or later if confounders are present). If the
patient does not fulfil the criteria for a most likely poor
prognosis, continued observation is recommended, since
a delayed awakening with a reasonable outcome is
common.” Patients aggressively treated for electrographic
seizures with antiseizure and sedative agents need more
time to recover: brain MRI, repeated clinical examinations,
and EEG are helpful. Test results indicating a poor
outcome should be balanced against those indicating the
opposite (table 2). However, indicators of a good prognosis
are considerably less investigated and, although sensitive,
they are usually less specific.

One of the most challenging, but also most common,
situations for patients after cardiac arrest is decision
making around WLST.*® The timing can be tricky, because
there is a temptation, including desires from the family or
caregivers, to establish a prognosis early.” Premature deter-
mination of a poor prognosis might be quite common.” If
acted upon, it can lead to death in patients who might
otherwise have done well (self-fulfilling prophecy).® Decis-
ion making should take into account not only neurological
injuries but also the patients’ preferences and systemic and
premorbid factors: a patient with pre-existing dementia or
an advanced malignancy might warrant less aggressive
treatment than a younger patient with no comorbidities.
Furthermore, patients might sustain severe and sometimes
irreversible systemic injuries from their cardiac arrest,
which certainly should factor into decision making.

Death by neurological criteria (ie, clinical brain death)
represents 10-15% of patients with cardiac arrest dying
before hospital discharge” The timing and means for
diagnosis might be challenging. Firstly, a clinical brain
death determination requires proving the permanent,
irreversible, and complete absence of all brain function.
Given that patients can have little to no brain function
early after cardiac arrest but later recover some brainstem
function, it is recommended to wait at least 24 h after
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arrest and with complete rewarming, in contrast to brain
death associated with other cerebral injuries.”” Secondly,
brain death determination in a patient after cardiac arrest
can be confounded by targeted temperature management,
along with concomitant sedation and paralytics. It is there-
fore advisable to wait and eliminate confounding factors
whenever possible. Neuroimaging can be helpful in this
situation, and signs suggesting cerebral circulatory arrest,
such as severe cerebral oedema with herniation, should be
present before other ancillary tests are considered accurate.

Long-term outcome of survivors

Outcomes after cardiac arrest are commonly reported by
the use of crude ordinal scales, such as the CPC or the
modified Rankin Scale,” typically dichotomised into good
or poor categories. The poor category usually includes
those dead, unresponsive, or awake but dependent for
basic activities of daily living (ie, CPC 3-5, modified
Rankin Scale 4-6). In countries where WLST is uncom-
mon, a poor outcome because of hypoxic-ischaemic brain
injury is seen in more than 50% of patients.** In this
context, all patients with unresponsive wakefulness more
than 1 month after cardiac arrest were still severely
impaired or dead at 2-year follow-up,** and only 4% of
patients who had survived with a poor outcome at 30 days
had a meaningful improvement.*

When WLST is routinely practised, most patients who
survived cardiac arrest (>90%) have a good outcome (CPC
or modified Rankin Scale).”> However, as shown by the
patient story (panel), a seemingly good outcome might
still include long-term consequences, such as cognitive
impairment, especially decreased processing speed or
attention, or both;*” memory deficits;*” or executive
dysfunction.””” These might initially go unrecognised,
because demands on the mental capacity of inpatients are
low. Early cognitive testing, however, identifies impair-
ment in most patients who survive cardiac arrest.” Most
cognitive recovery occurs during the first 3 months,**
with minor improvements in individual patients up to
12 months after cardiac arrest.* The reported prevalence
of cognitive impairment in the chronic stage varies
between studies (30-50%).°” Part of the cognitive dys-
function observed might be unrelated to cardiac arrest,
because similar problems were identified in an age-
matched control group with myocardial infarction.”
Potential alternative reasons include vascular cognitive
impairment, age, sleep disturbances, chronic pain, or
emotional problems.*® Although cognitive complaints
because of emotional problems should be separated from
brain injury, emotional problems such as apathy might
also be a symptom of cognitive impairment.” Emotional
problems are common and often long-lasting in patients
who survive cardiac arrest;* in a large US inpatient sample
(n=184567), emotional issues justifying a psychiatric
diagnosis were detected in a quarter of patients who
survived, depression being the most common and more
frequent in women and younger patients (18-64 years).*
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Good prognosis

Poor prognosis

Absent pupillary and corneal reflexes
bilaterally =72 h. Status myoclonus <48 h

with associated highly malignant EEG pattern

Neurological Motor response localising™
examination
EEG Early return of a continuous,
reactive, normal voltage or burst-suppressed, with or without
background®* epileptiform discharges)
Somatosensory- Amplitude >2-5 pv*

evoked potentials

Neuron-specific
enolase

CT brain

Serum neuron-specific enolase
<17 pg/L®

High concentrations at 48 h or later;
increasing serial concentrations

Diffuse anoxic injury (reduced grey-white

Highly malignant EEG pattern® (suppressed

Bilaterally absent N20 responses 48 h or later

matter differentiation and sulcal effacement)

MRI brain

Diffuse and extensive anoxic injury

Good prognosis means a predicted outcome of a cerebral performance category of 1-2, and a poor prognosis means a

predicted outcome of a cerebral performance category of 3-5. EEG=electroencephalogram.

Table 2: Indicators of good and poor prognosis

Anxiety is also commonly reported;** in addition to
having general anxiety, patients who survive cardiac arrest
also have cardiac-related anxiety, including the need to
seek medical attention regularly and the avoidance
of activities increasing heart rate.* Additionally, post-
traumatic stress disorder can also occur.**

Focusing on the perspective of the patient, the most
prevalent symptom at 6 months is fatigue (69-71%),”*
which can be associated with emotional problems, sleep
disturbances, stress, physical exhaustion, or cognitive
impairment.® The cause of fatigue after cardiac arrest is
unknown, but among patients with brain injuries, it
might arise from increased efforts to compensate for
cognitive impairment.*® Supporting this theory is the
common occurrence of decreased mental processing after
cardiac arrest® and cognitive fatigue.* Fatigue is also
reported in other patients after a long-term stay in the
intensive care unit.”

After discharge, most patients who survive can return
home and live independently; only 1-10% need long-
term institutionalised care.*” Health-related quality of
life after cardiac arrest is generally good, with overall
scores approaching that of the healthy population.”™
Risk factors for a lower quality of life are female sex,””
unmarried status,” emotional problems,** and cognitive
impairment.* Physical and emotional problems might
restrict daily activities and participation in society.”** An
important measure is the ability to return to work, which,
reassuringly, occurs in 70-85% of patients who survive
and were working before cardiac arrest™” although
sometimes on reduced schedules.* Factors reported to
decrease the chances to return to work include cognitive
impairment and fatigue.”*

Practical management of recovery from brain
injury

Inpatient brain injury rehabilitation

Early rehabilitation could start when the patient is still in
the intensive care unit and include mobilisation and
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Screen for cognitive
impairments

« Ask about cognitive complaints

« Do cognitive screening with the
Montreal Cognitive Assessment
test

Screen for emotional problems

« Ask about emotional problems

« Consider the use of
patient-reported measures such
as the Hospital Anxiety and
Depression Scale (anxiety and
depression) or Impact of Event
Scale (post-traumatic stress
disorder)

Provide information

Include information regarding:

« Non-cardiac consequences such
as cognitive impairment,
emotional problems, and fatigue

« Heart disease, implantable
cardioverter-defribrillator

« How to return to daily activities

« Partner relationships and

sexuality

« How to deal with health-care
providers

« Caregiver strain

Further referrals when needed

Figure 3: Systematic follow-up according to the 2015 European Resuscitation Council and European Society
for Intensive Care Medicine guidelines for post-resuscitation care

Forexamplesof thispeer  the prevention of delirium;* however, studies targeting
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patients with cardiac arrest are warranted. For the small
number of patients who survive cardiac arrest with
severe hypoxic-ischaemic brain injury, discharge home is
often not possible and inpatient rehabilitation should be
considered. The effects appear similar to patients with
traumatic brain injuries.”** Rehabilitation might improve
everyday functioning”® and lessen caregiver burden.”
However, recovery can take a long time, and reaching full
independence is unlikely in severe cases.™*”

Early follow-up and screening

For patients who survived and are discharged home, it is
important that surveillance is organised, preferably
within 3 months: this is the key to identify remaining
consequences and to provide referrals for further inter-
ventions when needed.™ There is a wide variation in
follow-up care, but according to current guidelines' this
care should be organised systematically and always
include: screening for cognitive impairments, screening
for emotional problems, and provision of information
(figure 3)." Information should preferably be provided
both in oral and written forms, not only covering topics
concerning medical care, but also explaining potential
cognitive and emotional problems and how to deal with
them.' Evidence for a structured follow-up was found in a
randomised controlled trial, in which the effects of an
early intervention service provided by trained specialised
nurses were evaluated (n=185). The intervention included
screening for cognitive and emotional problems. Up to
six 1-h consultations could be provided, tailored to the
needs of patients, and referral to further specialised care
was arranged when needed. At 1 year, patients who
received the intervention showed significantly improved
emotional wellbeing (improvement 40-43%), higher
scores on three domains of health-related quality of life

(improvements 9-24%), and were more able to return to
work (at 3 months: 50% vs 21%).”" Additionally, the
intervention was cost effective."”

Psychosocial interventions

If emotional problems are identified, referral to a
psychologist or psychiatrist should be considered, because
these problems can persist and are, at least to some extent,
treatable. This referral is especially important since
emotional problems (depression, anxiety, post-traumatic
stress disorder) might predispose a patient to future
cardiovascular events."™" Two interventions were specific-
ally designed for patients with cardiac arrest, with positive
effects substantiated by findings from a randomised
controlled trial. Interventions addressed physiological
relaxation, self-management, coping strategies, and infor-
mation including issues related to living with an implant-
able cardioverter-defibrillator and health education.*"*
Additionally, emotional problems in caregivers need to be
taken into consideration, since they are common and
the burden can be high, especially in those who have
witnessed the resuscitation.'” In the UK, a peer support
group for patients who have survived cardiac arrest and
their families is well established.

Cognitive rehabilitation

Cognitive rehabilitation is mainly provided by an occu-
pational therapist or neuropsychologist, or both, within a
programme for brain injury rehabilitation. The goal is to
reduce the everyday consequences of impaired cognitive
functioning. There are no specific guidelines for patients
who survive cardiac arrest, but recommendations for
patients with other types of acquired brain injury, such as
stroke or traumatic brain injury, might be helpful.®® The
most recent evidence-based recommendations for cogni-
tive rehabilitation from 2019 state that strategies to
improve or compensate for common cognitive deficits
involving, for example, attention, memory, and executive
functioning, should be provided."

Fatigue management

Fatigue management can be included in cognitive
rehabilitation programmes or provided alone. There is
currently no evidence-based treatment for fatigue after
brain injury, but encouraging results have been reported
for some commonly used interventions.® Management
often starts with the identification and treatment of
modifiable risk factors, such as sleep and mood disturb-
ances, pain, and medication side-effects. Other interven-
tions include education or symptom management
strategies, or both; cognitive-behavioural interventions,
mindfulness-based stress reduction, working memory
training, physical exercise, and medications.® For patients
who have survived cardiac arrest with moderate-to-severe
fatigue, a telephone intervention was developed based
on Energy Conservation and Problem Solving Therapy."”
This intervention showed positive results in a small
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single-centre study (n=18), substantially reducing physical
and cognitive fatigue (with a moderate effect size)."™

Integrated rehabilitation

Most survivors have a cardiac cause of arrest and are
eligible for a cardiac rehabilitation programme involving
exercise training, risk factor management, lifestyle advice,
education, and psychological support.™ There is evidence
that this programme is cost effective, decreases cardio-
vascular mortality, reduces hospital admissions, and
improves quality of life."? However, within cardiac rehab-
ilitation there is generally little attention paid to cognitive
issues. This problem is an area for improvement.

There are examples of integrated care paths, com-
bining cognitive rehabilitation, psychosocial care, and
cardiac rehabilitation."" In the Netherlands, an integrated
approach was developed, in which patients were screened
for cognitive and emotional problems before rehabilita-
tion.™ For those with cognitive impairments, the training
was adjusted, and neuropsychological examination and
cognitive rehabilitation were offered. More research on the
effectiveness of this integrated approach is still needed,
and importantly, not all patients who survive cardiac arrest
are eligible for cardiac rehabilitation in this integrated
pathway because of other causes of their arrest.

Conclusions and future directions

Brain injury after cardiac arrest constitutes a rapidly
developing research field. It is most likely that ongoing
advances in neurophysiology, neuroimaging, and serum
biomarkers will enable the more accurate and earlier
estimation of prognosis for most patients, even within
24-72 h after cardiac arrest. However, important con-
cerns regarding standardisation and the implementation
of methods outside large academic centres still exist.
Therefore, there is currently insufficient evidence to
support crucial prognostic decisions before 72 h after
cardiac arrest. When assessing a patient who is comatose
after cardiac arrest, use of international guidelines and
local protocols is strongly encouraged to reduce the risk of
bias. Because guidelines were constructed prioritising
safety, many patients will remain with an unclear
prognosis after the first assessment and need a longer
observation period free from confounding from sedation.
Neurologists, neurointensivists, and clinical neurophysiol-
ogists with a sound knowledge of the strengths and
limitations of the available methods to diagnose a brain
injury have a central role in these assessments and should
encourage the treatment of the large proportion of these
patients with seizures along with a potentially favourable
prognosis in multimodal assessments. Indicators of a
poor prognosis should be balanced against indicators of a
more favourable outcome, as shown in table 2. Although
the extent of brain injury is usually most important, other
patient-related factors should be considered for the
ethically challenging decision to discontinue or extend
intensive care.
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Search strategy and selection criteria

We did two searches, one covering prognosis-related terms,
the other covering patient-related and long-term outcome
terms. An information specialist was consulted to co-develop
and run the search strategies. We searched PubMed, Embase
(Elsevier), CINAHL (EBSCO), and PsycInfo (EBSCO) using
building blocks strategy with free-text terms. Key concept
terms were: “cardiac arrest”, “prognosis methods”, “patient
perspective”, and “long-term follow-up”. The search
strategies covered possible synonyms and terms related to
key concepts. We restricted the searches to Title/Abstract
fields for PubMed and Embase, and publication dates were
limited to “Last 5 years” for the searches covering prognosis-
related terms. We excluded studies in PubMed and Embase
containing the terms (pediatr* OR child* OR neonat* OR
animal OR experimental). In Embase, unique records from
Embase were retrieved by the Source-function, excluding
MEDLINE records. Conference abstracts and case reports were
excluded in Embase. A combined search in CINAHL and
PsycInfo focused on key concepts, patient perspectives, and
long-term follow-up, with synonyms and related terms
included in the free text search strategy. No language
restriction or publication type or study type filter was used in
any of the databases. References were included on the basis
of their relevance to the aims of our Review.

The widespread practice of WLST has made patients
who have survived cardiac arrest long-term with severe
brain injuries uncommon in many countries. However,
mild-to-moderate cognitive impairments are common
and might complicate the lives of these patients in many
ways, as the perspective in the panel illustrates. Although
the need for the follow-up of a cognitive disability after
cardiac arrest is apparent, there is still insufficient evi-
dence to support any specific strategy for follow-up or
rehabilitation. Consequently, randomised controlled trials
are urgently needed.
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