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Abstract During the last two decades, survival rates after cardiac arrest have increased while the
fraction of patients surviving with a severe neurological disability or vegetative state
has decreased in many countries. While improved survival is due to improvements in
the whole “chain of survival,” improved methods for prognostication of neurological
outcome may be of major importance for the lower disability rates. Patients who are
resuscitated and treated in intensive care will die mainly from the withdrawal of life-
sustaining (WLST) therapy due to presumed poor chances of meaningful neurological
recovery. To ensure high-quality decision-making and to reduce the risk of premature
withdrawal of care, implementation of local protocols is crucial and should be guided
by international recommendations. Despite rigorous neurological prognostication,
cognitive impairment and related psychological distress and reduced participation in
society will still be relevant concerns for cardiac arrest survivors. The commonly used
outcome measures are not designed to provide information on these domains. Follow-
up of the cardiac arrest survivor needs to consider the cardiovascular burden as an
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A patient who remains unresponsive days after a cardiac arrest
presents the intensive care team with a considerable challenge. If
you are in charge of this patient, you may consider whether
unconsciousness is due to a brain injury and whether this injury
is compatible with an eventual return to a meaningful life if
intensive care is continued. If you decide to continue care, you
may consider whether there are measures to optimize neuro-
logical recovery or at least prevent further injuries from devel-
oping. If you and your team decide to withdraw intensive care
due to a presumed poor prognosis, the outcome of the patient
will almost certainly be poor due to the “self-fulfilling prophecy,”
a prediction that directly or indirectly causes itself to become
true, making such decisions particularly grave. To inform your
decisions, you, therefore, need precise tools to assess the extent
of injury inflicted during the brief period of circulatory standstill,
but you also need a sound concept of the implications of the
expected outcome, good or poor, in terms of quality of life and
participation in society. Also, you need to be prepared to tackle
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important factor to prevent cognitive difficulties and future decline.

the ethical aspects, within your team and together with the
patient’s relatives.! A well-informed decision on withdrawal of
life-sustaining therapy (WLST) may be of great benefit for the
relatives, whereas a poorly informed and/or poorly communi-
cated decision and WLST may leave the relatives traumatized,
pondering the reasons for withdrawal and alternative outcomes
for along time. In this narrative review, the complex relationship
between cardiac arrest-induced brain injury, WLST, prognosti-
cation, and long-term outcomes will be explored. The aim is to
put these challenging decisions into a wider perspective. The
majority of data regard out-of-hospital cardiac arrest (OHCA),
but the general principles can also be applied to patients with
cardiac arrest in the hospital setting.

Survival after Cardiac Arrest

Cardiovascular disorders are the most common cause of
death worldwide,2 and 75 to 80% of all cardiac arrests
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occurring outside of the hospital have a primary cardiac
cause, ischemic heart disease being most common.> Not
surprisingly, sudden OHCA is a common occurrence, with
an estimated global incidence of 62 per 100,000 person-
years.2 During the last two decades, improved survival rates
from OHCA to approximately 10% have been reported by
national registries in Europe and the United States.* This is
likely the result of improvements throughout the “chain of
survival,”® most importantly increased bystander cardiopul-
monary resuscitation rates.” Unfortunately, most cardiac
arrests occur in the home and without a witness, limiting
the achievable rates of bystander resuscitation and survival.

Death after Successful Resuscitation

Most patients who have a return of spontaneous circulation
after resuscitation will be unconscious on arrival to the
hospital,8 artificially ventilated, and subsequently treated
at an intensive care unit (ICU) with targeted temperature
management, sedation, and paralytics according to present
international guidelines.®>1% Despite improvements in in-
tensive care and more active cardiac reperfusion strategies.1 !
less than half of ICU-admitted cardiac arrest patients will
survive to hospital discharge.

The cause of death among ICU-treated cardiac arrest
victims has been documented in several, mainly European,
studies. The brain is the organ that is most sensitive to a
circulatory standstill due to its high metabolic rate and very
limited energy supplies. Hence, brain injury is the most
common cause of death for resuscitated patients.'>"'> In
the first 1 to 2 days after the cardiac arrest, patients die
mainly due to cardiac or multiorgan failure. During the
remaining period in the hospital, death will usually follow
an assessment of the neurological prognosis, and thereafter
WLST based on the presumption of a severe brain injury and
poor chances for neurological recovery.'?'3

Hypoxic-Ischemic Brain Injury

Upon cessation of cerebral circulation due to a cardiac arrest,
energy depletion will lead to unconsciousness and cessation
of cortical electric activity on the electrocardiogram (EEG)
within seconds.'® Further energy depletion will lead to
anoxic depolarization with loss of membrane potentials,
the release of excitatory glutamate, loss of ion gradients,
and the influx of water and calcium ions, triggering further
intracellular pathological processes.!” While the brain stem
neurons are more resistant to injury from circulatory arrest,
particularly vulnerable neurons are found in the hippocam-
pus, cerebellum, and neocortex.'® Therefore, patients may
survive in a minimally conscious state or vegetative state
with very pronounced cortical injuries but a functioning
brain stem, enabling weaning from the ventilator and survi-
val if nutrition is provided. This differential vulnerability to
hypoxic-ischemic challenge also explains why brain stem
functions, such as ocular reflexes, usually return hours to
days before higher cortical functions, such as consciousness
in comatose patients after cardiac arrest.
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Intensive Care after Cardiac Arrest

It is very difficult to assess with a high level of certainty the
prognosis for recovery during the first hours immediately
after the return of spontaneous circulation. Since most
patients are unconscious at this time point, a general practice
is to initiate intensive care assuming a possible good out-
come, and then evaluate the extent of brain injury at a later
time point. The intensive care bundle after cardiac arrest
includes an assessment of the cardiac situation, often in-
cluding coronary angiography and stenting of culprit le-
sions.'’ To minimize the further development of brain
injury, whole body temperature is usually controlled by
temperature control devices for the next 24 hours, with a
slow rewarming to normothermia thereafter.'® A reduction
of the whole body temperature is, in fact, the only neuro-
protective strategy that has translated from experimental
studies to clinical use. The two pivotal studies presented in
the New England Journal of Medicine in 2002 showed a
significant reduction in mortality and neurological disability
by targeting a temperature of 32 to 34°C for 12 to
24 hours,?%?" and led to a rapid implementation of tem-
perature management in intensive care. The substantially
larger targeted temperature management (TTM) trial, how-
ever, showed no benefit from targeting 33 versus 36°C on
mortality,>? neurological functions, quality of life,”> or re-
lease of the biomarker neuron-specific enolase (NSE) in the
serum.?® In a large substudy, the more detailed cognitive
function was also found to be similar between the two
intervention groups.25 Consequently, current guidelines re-
commend maintaining a constant temperature between 32
and 36°C for 24 hours for adults with cardiac arrest.’
Recently, Kirkegaard et al reported that 48 hours of cooling
provided no extra benefit compared with 24 hours, although
this study may have been underpowered to answer the
question.?® Fever is associated with worse outcome after
cardiac arrest.?” Lacking evidence from randomized trials, it
is recommended to treat fever arising during the first days
after temperature management by either antipyretic agents
or temperature control devices.®?

Awakening after Cardiac Arrest

During temperature management, the patient is sedated,
artificially ventilated, and often treated with neuromuscular
blocking agents to prevent shivering. Therefore, a pharma-
cologically induced coma is added to the decrease in con-
sciousness caused by a possible brain injury. Sedative and
analgesic drugs given during the first days will continue to
affect the patient for a substantially longer period then what
the ICU staff commonly expects from experience in other
patients. Among the possible reasons are the concomitant
brain injury, a slower metabolism due to hypothermia and
also renal and hepatic injury which may be substantial.

For the small group of patients who awaken rapidly after
resuscitation, significant brain injury is unlikely. Among
patients who are treated at the ICU, a rapid recovery of
motor response to painful stimulation after sedation is
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stopped, which is a strong indicator of a subsequent good
outcome. A motor response better than extensor on the first
day after sedation is stopped and a Glasgow Coma Scale
score > 6 on the following days is a reasonably robust
predictor of a good neurological outcome.?® For patients
who remain unresponsive, the prognosis for recovery be-
comes gradually worse with time, but it is important to
keep in mind that delayed awakening is not uncommon and
that the outcome is usually good also in patients with a
delayed awakening.°

Clinical and Electrographic Seizures

Clinical convulsions and seizure patterns on EEG are com-
mon and occur in approximately 30% of all ICU-treated
cardiac arrest victims.>'3? The vast majority consist of
myoclonus, but approximately one-third of patients with
clinical convulsions have tonic-clonic seizures, often in
combination with myoclonus.>> Myoclonus is often relatively
easily suppressed by sedative agents, and propofol may be
particularly effective in this respect.3> Antiepileptic agents,
such as valproate and levetiracetam are often also used.>*
They are well tolerated and the serum levels easily mon-
itored. Myoclonus is a sign of a severe brain injury,® in
particular if it is generalized and continuous > 30 minutes, a
condition termed “status myoclonus.” If this occurs during
the first 2 days after the arrest, the outcome is almost
invariably poor3? although exceptions are reported.>®-37
Using continuous video EEG monitoring, Elmer et al recently
showed that the combination of early posthypoxic myoclo-
nus with a burst-suppression pattern on the EEG is highly
malignant with no survivors (n = 48), whereas a combina-
tion with a continuous background EEG with high-amplitude
polyspikes in lockstep with the myoclonic jerks was more
benign, with 50% of patients having a favorable outcome
(n = 8).28 Furthermore, all survivors with the latter combi-
nation later developed Lance Adams syndrome of action-
induced myoclonus.3®

Continuous EEG is recommended as a noninvasive instru-
ment to monitor the recovery of a normal continuous EEG
background or the development of pathological patterns.>4°
Electrographic status epilepticus (ESE) develops in approxi-
mately 30% of postanoxic patients if liberal EEG-based
definitions are used.*’~*3* Most patients with ESE have
clinical convulsions of some sort during brief or prolonged
periods, but the ESE may also continue for days and some-
times weeks in a comatose patient without any external
seizure manifestations. ESE typically develops during the
first 1 to 2 days postarrest, either from a continuous back-
ground or from a suppression-burst pattern.*'~** Spiking
frequency is usually highest during the first hours and
gradually decrease over the following days.** Also, with
aggressive therapy including high doses of sedative agents
and two or more antiepileptic drugs, postanoxic ESE tends to
reappear as sedation is weaned.*> ESE developing from a
high-voltage burst-suppression pattern does not seem to be
compatible with survival, and these patients can be expected
to have also other signs of a very pronounced brain
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injury.*1424® Among the group of patients who develop
ESE from a continuous background, some 20 to 25% may
survive and ultimately have a good outcome, usually after a
prolonged recovery period over weeks. Despite being recom-
mended in guidelines, active treatment of postanoxic ESE is
not based on evidence, and a randomized clinical trial
(TELSTAR) is ongoing.*’

Timing of Neurological Prognostication

Since brain injury is the major determinant of survival and
functional outcome after cardiac arrest, the assessment of
such injury and the related prognosis for recovery of neuro-
logical functions are inherent parts of the critical care of
cardiac arrest victims. Many reviews on this topic are avail-
able,*84% but the author’s advice is to use the most modern
official guidelines®® to develop a local protocol, taking into
account the available methods which may differ substan-
tially between hospitals.

The gathering of prognostic information should start early
and be performed continuously,50 as all methods have their
defined time windows. Most authors recommend postpon-
ing decisions on level of care at least 72 hours after cardiac
arrest,® or 72 hours after complete rewarming if the patient
undergoes TTM.® The reasons are that no method is com-
pletely without risk of error, the reliability of several meth-
ods increase with time and the majority of patients with a
good outcome will wake up before prognostication if it is
delayed sufficiently. In the large TTM-trial,?? prognostication
was scheduled for 72 hours after rewarming and eventually
performed at a median of 117 hours postarrest. At this time
point, 452 patients (48%) had awoken, 139 (15%) had died,
and 313 (33%) remained in a coma and had a formal
neurologic evaluation.'® Thus, postponing the assessment
will avoid unnecessary discussions on the level of care in the
majority of patients. Early information on prognosis is still
important to inform relatives who are usually in a state of
shock and to inform important decisions on related inter-
ventions, such as cardiac reperfusion strategies'' or dialysis.

It is an unresolved controversy whether the use of TTM
affects the reliability of the available tools for neuroprog-
nostication. With the introduction of therapeutic hypother-
mia followed an increased use of analgosedation, a more
active intensive care approach to the cardiac arrest victims in
general and increased survival rates. It is therefore difficult to
compare the results of prognostication studies performed
before the introduction of temperature management with
later studies using active temperature control. Hypothermia
may delay the metabolism of sedative agents,®’->? but it is
not clear whether this has any clinically relevant effects. Also,
drug metabolism is delayed in critically ill patients in gen-
eral.>> The TTM investigators found no difference in the
reliability of routine EEG,>* serum NSE?* or the clinical
examination'? between patients treated at 33 or 36°C. Im-
portantly, a lack of motor response or an extensor response to
painful stimuli was not a reliable sign of a poor prognosis at
72 hours after arrest or with a further delay until 108 hours.
Samaniego et al reported that hypothermia-treated patients
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received more sedation, and that corneal reflexes, motor
response and, somewhat surprisingly, peak NSE were less
reliable predictors of poor outcome in these patients com-
pared with the noncooled controls.””

In previous guidelines from the Swedish Resuscitation
Council, the expert group choose a cautionary approach and
recommended to postpone all prognostication until 72 hours
after rewarming for patients treated with hypothermia,
similar to the TTM-trial.”® Lacking evidence for significant
effects of temperature per se, such caution now seems less
warranted leaving a room for the use of the most robust
methods in the most severely injured patients already at
72 hours after the arrest as suggested in the algorithm
outlined below.

A Recommended Algorithm for
Neuroprognostication

The European Resuscitation Council (ERC) in collaboration
with the European Society for Intensive Care Medicine
(ESICM) issued recommendations on routines for neurolo-
gical prognostication after cardiac arrest,”’ including an
algorithm based on available evidence®®°° and expert opi-
nions (=Fig. 1). In this algorithm, the first assessment occurs
at 72 hours postarrest. A prerequisite is that the patient is
unconscious with extensor or no motor response, and that
confounders such as sedation are excluded, which may, in
fact, be hard to achieve completely. At 72 hours, only the
bilateral lack of pupillary and corneal reflexes®® or the
bilateral lack of somatosensory cortical N20 responses®'
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qualify for a statement of a very likely poor prognosis. If
none of these criteria are fulfilled, the algorithm directs the
clinician to a further 24 hours of observation without further
analgosedation before reevaluation using multiple tools such
as neuroimaging (computed tomography [CT| and magnetic
resonance imaging [MRI]),62 EEG,% the biomarker NSE,%*
and the clinical finding of status myoclonus;34%0 please refer
to the appointed references for updated reviews on the
methods. While there is strong evidence supporting the
use of somatosensory-evoked potentials (SSEPs), pupillary
and corneal reflexes, the evidence for the use of the other
methods is less robust.’®°° Imaging, and EEG data have been
difficult to standardize, limiting comparisons. As for routine
EEG interpretation, a classification for the intensive care
setting has been developed by the American Neurophysio-
logical Society.®® Using this classification, highly malignant
EEG patterns (=Fig. 2) predict the poor outcome with the
substantial interrater agreement,®® 50% sensitivity, and 100%
specificity.”* The use of these easily identified patterns was
suggested in the updated guidelines from the Swedish Re-
suscitation Council 2017.%7 A similar standard for neuroima-
ging is currently lacking. Differing cutoff levels for NSE have
been suggested, partly due to lack of laboratory standards
and variations between analytical ®® storage, and sampling
methods.%? Consequently, the ERC/ESICM-algorithm de-
mands evidence from at least two of these additional meth-
ods to qualify a statement of a likely poor prognosis at 72 and
24 hours postarrest. For patients who fail to meet these
criteria, the guideline recommendation is to continue in-
tensive care, to consider confounding pharmacologic or
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Fig.1 Prognostication algorithm suggested by the European Resuscitation Council and the European Society for Intensive Care Medicine. A first
statement on a poor prognosis can be made at > 72 hours after cardiac arrest if the patients have either bilateral absence of pupillary light
reflexes and bilateral absence of corneal reflexes or bilateral absence of the somatosensory-evoked cortical N20 potentials. For patients not
fulfilling these strict criteria, at least another 24 hours of observation without sedative medication is added before another evaluation using

multiple tools. (Reproduced with permission from Sandroni et al.?”)
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Fig. 2 Highly malignant (A-C) and benign (D) patterns defined according to the standardized criteria developed by the American
Neurophysiological Society. (A) Suppressed background (<10 pV). (B) Suppressed background with superimposed continuous periodic
discharges. (C) Burst suppression (periods of suppression constituting > 50% of the recording) with or without superimposed discharges.

(D) Normal voltage (>20 pV) background and preserved reactivity to stimuli. (Reproduced with permission from Westhall et a

metabolic factors, and to repeat examinations, such as EEG
and MRI to gain more information. Although later awakening
is a possibility in selected cases and this must not be
forgotten, the vast majority of patients will awaken within
10 days after arrest.>°

As a general rule, prognostication before 72 hours should
be avoided, as it could lead to the premature withdrawal of
intensive care on false premises.' In a recent study from the
United States, WLST before 72 hours for neurological reasons
occurred in one-third of all patients dying in hospital after an
OHCA.”® The authors extrapolated that premature WLST may

Cardiac arrest Normothermia

Targeted Temperature
Management
24h

|.54)

cause the death of 1,500 American cardiac arrest patients
yearly.

A Practical Approach to Prognostication

Atourinstitution, alocal protocol (~Fig. 3) has been developed
based on the ERC/ESICM algorithm. We performa CTscanonall
cardiac arrest patients without an obvious cardiac cause. If
trauma is suspected, CT of the cervical spine is added and
sometimes leads to the unexpected finding of a high cervical
fracture causing tetraplegia. After admission to the ICU, all

2nd Neurological
Evaluation

1st Neurological
Evaluation

l |

daysl‘"" e

[ Continuous aEEG

CT brain
NSE

Daily clinical neurological examinations

v

Routine EEG
+
SSEP

MRI brain

Fig. 3 Schematic drawing of the local protocol for neurological prognostication at the Skane University Hospital in Lund. All patients are
monitored by continuous electrocardiogram (EEG) which is discontinued upon awakening. Serum neuron-specific enolase is sampled at 24, 48,
and 72 hours. For patients who do not awaken upon weaning of sedation, routine EEG and somatosensory-evoked potential is performed at 48 to
72 hours and an magnetic resonance imaging of the brain may be added if the prognosis remain uncertain.
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patients are monitored by continuous simplified EEG which is
administered by the ICU nurse.*® Also, NSE is measured at 24,
48, and 72 hours. For patients who wake up after weaning of
sedation, no additional examinations are performed, and the
EEG is not analyzed by a clinical neurophysiologist to save
costs. If the patient remains comatose 48 to 72 hours after
arrest, a routine EEG and SSEP are performed and an inter-
pretation of the entire EEG monitoring period is performed by
a clinical neurophysiologist. A neurologist will perform a
clinical examination after 72 hours and conclude on the
prognosis using the results from all investigations. If the
evidence is still inconclusive, MRI of the brain will usually be
the next step. We will only consider WLST at 72 hours if the
SSEP-N20 responses are bilaterally absent or the pupillary and
corneal reflexes are bilaterally absent; for all other patients,
such decisions will wait at least another 24 hours. Already at
72 hours, however, a decision not to escalate care may be
reasonable if there is clear evidence of a poor prognosis, such
as generalized swelling on CT’! or a highly malignant EEG
pattern.”* It is worth considering that the group of patients
who remain in coma at the time point of prognostication as a
group have a poor prognosis, and that an important task is to
identify those with a potential for recovery with prolonged
intensive care. In the TTM-trial, 85% of the prognosticated
patients were either dead or suffered a severe neurological
disability at 6 months follow-up. A recommendation of “do-
not-escalate” delayed death by a few days, but only 2/55
patients with such recommendation ultimately achieved a
good outcome. Among patients with a recommendation to
“continue care,” 44/117(37%) had a good outcome.'?

Withdrawal of Life-Sustaining Therapy

As alluded to earlier, WLST is the most common direct cause
of death among intensive care treated cardiac arrest victims.
However, a decision to withdraw life-sustaining therapy is
complex, and the neurological prognosis should be regarded
as one important piece of information among others. A
decision to withhold or withdraw intensive care may be
justified for ethical reasons in patients without signs of
severe brain injury, and continued care may also be justified
when the evidence points toward a likely poor neurological
prognosis. Traditions, legislation, and religious beliefs vary
between countries and affect the practice of WLST and, as a
consequence, the proportion of patients surviving with
severe neurological disability. It is important to allow the
patients’ relatives sufficient time to prepare themselves, and
a discussion on WLST should never come as a surprise to
them. In most cases, early information from EEG monitoring,
clinical examination and sometimes an early CT scan will
have provided enough information for preliminary discus-
sions with the relatives without depriving them of all hope.

Long-Term Outcome among Cardiac Arrest
Survivors

In countries where neurological prognostication is trans-
lated into decisions on level-of-intensive care, survival with a
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severe neurological disability is relatively rare. The American
Cardiac Arrest Registry to Enhance Survival reported that
while survival from OHCA increased, significant trends
showed decreasing fractions of patients discharged with
moderate or severe neurological disability between 2007
and 2012.7? According to the Swedish Cardiac Arrest registry,
only 6% of survivors from OHCA during 2008 to 2011 had
severe disability 30 days after arrest despite more than
doubled survival rates during the preceding two decades.”
Large registries may be biased due underreporting from
patients with severe disability less likely to participate in a
follow-up. Also, assessing functional outcome at hospital
discharge may lead to overly optimistic conclusions, since
limitations in daily activities are not yet apparent. As a
contrast to the reported registry data, the fraction of patients
with severe disability in the TTM-trial 6 months after arrest
was 9%.2

In countries where WLST is not practiced, outcome after
cardiac arrest appears to be significantly different, with
much higher rates of severely disabled patients. In a Korean
single-center study 26/65 (40%) surviving patients had a
severe disability at 6 months, 19 (29%) of whom were in a
vegetative state.”* In a report from Israel, 27% of the survivors
were on mechanical support at discharge from hospital, and
most of these patients died during the study period.”

For patients in coma several weeks after the cardiac arrest,
provision of intense rehabilitation was evaluated in a study
from Germany. Despite 4 months of rehabilitation, only
7/113 patients (6%) eventually achieved a good outcome.”®

Assessment of Outcome

Neurological function among cardiac arrest survivors in
large cohorts or registries was usually estimated by assessors
using crude outcome scales. The Cerebral Performance Ca-
tegories scale (CPC, =Table 1.) was a modification of the
Glasgow Outcome Scale (GOS) for traumatic brain injury,
introduced by the Pittsburgh group in the first Brain Resus-
citation Clinical Trial (BRCT) as a means to evaluate brain
injury more specifically.”’ The BRCT investigators used the
CPC scale in combination with Overall Performance Cate-
gories (OPC) to capture also general disability of noncerebral
cause. The CPC/OPC categories were recommended by the
Utstein consensus conference’® and had become the stan-
dard instrument for assessment of functional outcome after
cardiac arrest, although the OPC part has gradually fallen out
of use. The CPC categories were usually dichotomized as a
good outcome (CPC 1-2) and poor outcome (CPC 3-5), which
may seem logical as the discriminator will be the depen-
dence on help from others for daily activities. This dichot-
omization may be less obvious when developing methods for
neuroprognostication, as evidence for a poor outcome will be
used to support decisions to withdraw intensive care, and
CPC 3 may not be incompatible with meaningful life. Earlier
studies on neuroprognostication commonly drew the line
between CPC 3 and CPC 4,°° whereas studies performed in
the TTM-era with few exceptions use the CPC 1-2/CPC 3-5
dichotomization.”® From a statistical standpoint, it is

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Neuroprognostication of Cardiac Arrest Patients

Table 1 Comparison between the modified Rankin Scale and the Cerebral Performance Categories scale

Modified Rankin Scale

Cerebral Performance Category

0. No symptoms at all

1. Good recovery: Conscious, alert, able to work, might have
mild neurologic or psychological deficit

1. No significant disability despite symptoms; able to carry
out all usual duties and activities

2. Moderate disability: Conscious, sufficient cerebral func
tion for independent activities of daily life. Able to work in
sheltered environment

2. Slight disability; unable to carry out all previous activities,
but able to look after own affairs without assistance

3. Severe disability: Conscious, dependent on others for
daily support because of impaired brain function. Ranges
from ambulatory state to severe dementia or paralysis

3. Moderate disability; requiring some help, but able to walk
without assistance

4. Coma or vegetative state: Any degree of coma without the
presence of all brain death criteria

4. Moderately severe disability; unable to walk without
assistance and unable to attend to own bodily needs
without assistance

5. Death: Apnea, electroencephalographic silence, etc.

5. Severe disability; bedridden, incontinent, requiring con-
stant nursing care and attention

6. Death: Apnea, electroencephalographic silence, etc.

Source: Reproduced with permission from Elmer and Callaway.93

Note: The modified Rankin Scale (mRS) has a higher resolution in the upper end of the scale since mRS categories 1 to 3 roughly corresponds to
Cerebral Performance Category 1. The mRS has more focus on physical function, the ability to walk being the discriminator between mRS 3 and 4.

probably less important that CPC 3 is included in the ex-
pected poor outcome scenario since most patients with poor
outcome belong to the CPC 5 group (dead). It may still be a
reason for some consideration when discussing WLST with
relatives.

An attractive alternative to the CPC scale is the modified
Rankin Scale (mRS) which was developed and validated for
stroke’®8% but has become gradually more popular also in
cardiac arrest studies. Advantages are mainly a much better
differentiation in the good outcome section (=Table 1), but
an obvious disadvantage is the focus on physical function
(walking) which is more seldom affected among the severely
disabled cardiac arrest patients (CPC 3).

Whereas the CPC scale has remained largely unchanged
since its origin, the GOS has been modified to better capture
outcome after traumatic brain injury. The categories have
been extended to increase differentiation and structured
interviews for better interrater reliability.®’ Whether the
extended GOS scale is superior to the mRS or even the CPC
scale is still a matter of debate, but the Core Outcome Set
after Cardiac Arrest initiative will provide guidance on how
to choose wisely.82

Cognitive Disability

Whereas the crude neurological outcome is generally good
among the vast majority of cardiac arrest survivors, studies
using neuropsychological tests report that as many as half of
survivors have problems, mainly regarding memory, execu-
tive function, and attention/processing speed.®> Such pro-
blems may not only be due to the cardiac arrest since control
patients with myocardial infarction and a similar risk factor
profile had cognitive impairment with almost equal fre-
quency in a large TTM substudy.?”> Cognitive impairment

due to the cardiovascular burden is an important confounder
when assessing cognition after cardiac arrest, and the risk of
further deterioration should not be underestimated. In a
small Swedish study with 17 years follow-up, most patients
had died from cardiovascular causes, and 7/8 survivors had
below normal scores on a cognitive screening test.34 The
cardiovascular burden is known as a major determinant of
age-related cognitive decline in general,®® and the cardiac
arrest population is no exception, most having a cardiac
atherosclerotic cause of their arrest and multiple cardiovas-
cular risk factors.

Other Related Outcomes

Health-related quality of life is reported as good among the
cardiac arrest survivors,>8%87 but cognitive impairment
may lead to reduced quality of life3® and increases the strain
on caregivers further.?° Cognitive impairment is also related
to a reduced participation in societal activities (Gisela Lilja,
OT, PhD, personal communication). Psychological distress
was found to be another important factor for life quality after
cardiac arrest, but the levels of anxiety and depression were
not significantly elevated among the cardiac arrest survivors
compared with myocardial infarction patients in the TTM
substudy.”®

Follow-Up

Since most patients who survive an OHCA have an under-
lying cardiac disorder and as many as half have cognitive
problems, follow-up programs need to take cardiologic and
neurologic aspects into account. In the follow-up program at
our institution, cognitive screening and further referral to
brain-oriented rehabilitation have been the standard for
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several years.91 Goossens and her coworkers in the Nether-
lands have developed an interesting collaboration around
cardiac and brain injury at the Rijnland rehabilitation center,
which may serve as an excellent example of modern cardiac
arrest rehabilitation.®?

Conclusions

Once circulation has stabilized, hypoxic-ischemic brain
injury is the major cause of morbidity and mortality for
the cardiac arrest patient in the ICU. Besides general
respiratory and metabolic optimization, investigations to
evaluate the extent and development of brain injury are
important parts of modern post-cardiac arrest care. To
avoid premature withdrawal of intensive care, local proto-
cols for neuroprognostication based on national and inter-
national consensus documents should be available. The
practice of modern neuroprognostication may help opti-
mize outcome and avoid unnecessary suffering for patients
and relatives.

When designing follow-up programs for cardiac arrest
survivors, cardiac issues, and cognitive disability are impor-
tant elements. Interventions against preventable risk factors
are likely to have effects on both.
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