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Cardiac arrest (CA) is a life- Dr. Ashutosh Kumar
threatening event associated with high Assistant Professor
morbidity and mortality rates. Advances in Department of Anaesthesiology & Critical
resuscitation science have improved the Care
survival rates of CA patients; however, the All India Institute of Medical Sciences
majority of survivors often face neurological (AIIMS),
sequelae, ranging from mild cognitive Nagpur, India
impairment to severe neurological disability.
Neuroprognostication, the process of Dr. Ankur Khandelwal
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neurological recovery in these patients is Department of Anesthesiology,
extremely crucial especially in those who Critical Care and Pain Medicine
remain  comatose despite return of All India Institute of Medical Sciences
spontaneous circulation (ROSC). Current (AIIMS),
recommendations advocate prognostication Guwahati, India
no earlier than 72 hours following ROSC in
comatose patients. A multimodal strategy
consisting of neurological examination,
electrophysiological studies, neuroimaging
and biomarkers reduces the likelihood of
erroneousoutcome  prediction.Importantly,
ethical considerations and the potential for
self-fulfilling prophecies underscore the need
for a multidisciplinary approach to
neuroprognostication.
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I. INTRODUCTION

Hypoxic-ischemic brain injury (HIBI) leaves nearly half of cardiac arrest (CA)
survivors comatose 72 hours after return of spontaneous circulation (ROSC) [1].
Neuroprognostication is challenging in these patients since clinical improvement takes time.
Failing to recognize a bad prognosis may prolong sufferings secondary to emotional burden
and financial loss. On the contrary, premature and erroneous diagnosis might cause a "self-
fulfilling prophecy,” when removing life-sustaining measures kills even if recovery is feasible
[2].Uncertainty exists over the ideal time to carry out and interpret neurologic testing.

1. Timing of Neurological Assessment & Neuroprognostication: In the current era, the
time to neuroprognostication following CA has changed with respect to increased
application ofTargeted Temperature Management (TTM).Neuroprognostication in the pre
TTM era was generally done at 48-72 hours from ROSC. Now, the assessment is not
recommended before 72 hours after ROSC (and later if confounding factors are still
present) [3, 4]. The effect of hypothermia on the modality being used for making
neurological prognosis should be kept in mind. Ideally, neuroprognostication should be
done only after achieving normothermia. Current modalities of neuroprognostication
include neurological examination, electrophysiology, neuroimaging and biomarkers.

2. Neurological Examination: The neurological examination which reflects the degree of
HIBI in PostCardiacArrest Syndrome (PCAS) patientsremains critical for determining
prognosis. As a result, clinicians typically utilize the total neurological symptoms to
forecast the results following ROSC. In PCAS patients treated with TTM, the
neurological assessment should be deferred until five days after ROSC or three days after
normothermia.

Extensor posturing or no motor response is related with poor outcome, although
with a lower specificity of around 88% [3]. When hypothermia is used as a part of TTM,
the false positive rate (FPR) of a bad motor examination after 72 hours has been
demonstrated to be too high for conclusive neuroprognosis [4]. This FPR falls over time.
It was 21% (95% CI, 9%-38%), compared to 6% (95% CI, 1%-20%) on day 7 in a study
[5]. Another research added flexor posture as a poor motor response predictor of poor
outcome, however, this might be mistaken with a withdrawal reaction and has
traditionally been eliminated. The Glasgow Coma Scale (GCS)motor score of 2 at the 72-
hour mark has minimal specificity in predicting negative neurological prognosis.
However, it exhibits a sensitivity ranging from 70% to 80% [3].

Lack of pupillary light reflex (PLR) at 72 hours is highly specific for poor
neurologic prognosis [6].Pupillary function may be quantified using automated
pupillometry in order to improve sensitivity and specificity. Better outcomes were
predicted by faster conduction velocities and Neurological Pupillary Index (NPI; based on
pupillary size, latency, and constriction and dilation velocities) [7].NPI 3 at any time
between days 1 and 3 had 100% specificity (95% CI, 98%-100%) with poor outcome but
32% sensitivity [8].Another study found that NPI threshold of 3.7 at 6 hours after ROSC
indicated a poor outcome with 82% specificity [9].A bilaterally absent corneal response
72 hours after ROSC also indicates a poor prognosis, albeit with less precision than the
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PLR [10].The corneal reflex is more susceptible to sedative and muscle relaxant side
effects than PLR.

Myoclonus, characterized by quick, abrupt, involuntary jerks brought on by
inhibitions or contractions of the muscles is commonly seen after ROSC from CA. Poor
neurological outcome is nearly generally correlated with the early (48 hours) post-anoxic
status myoclonus lasting for 30 mins or more.However, myoclonus should only be used in
conjunction with other indices since it is seen to be a less reliable predictor than PLR
[11].Electroencephalogram (EEG) recording can be utilised to exclude more benign types
of post-anoxic myoclonus, such as Lance-Adams syndrome [12].

When making a prognosis, it is important to rule out any confounding factors such
as body temperature and the residual effects of sedatives and/or neuromuscular blocking
drugs. Another drawback of clinical examination-based predictors is that their results
cannot be hiddenfrom the treating team, which might lead to a self-fulfilling prediction in
terms of clinical care.

Il. ELECTROPHYSIOLOGY

1. Electroencephalogram (EEG): The EEG has been used to assess HIBI severity in
multiple studies. However, the lack of a clear definition of EEG patterns linked with poor
neurological prognosis has hindered its broad use as a predictor [13].According to the
recommendations established by the European Resuscitation Council (ERC) and the
European Society of Intensive Care Medicine (ESICM) in 2015, it is recommended to
evaluate malignant EEG patterns, such as unresponsive backgroundwith burst suppression
or status epilepticus following rewarming, in conjunction with other predictive
factors.This recommendation is made in light of the existing disparity [14].Recent
research suggests that EEGs collected within 24 hours of ROSC might give crucial
prognostic information. Poor neurological prognosis as evaluated by cerebral
performance category (CPC 3-5) at 6 months was successfully predicted [specificity 100
% (98-100%)] in 430 comatose resuscitated patients using continuous EEG patterns:
isoelectric, low-voltage (< 20 pV), or burst suppression with similar bursts.These
indications, however, were shown to have poor sensitivity [29% (22—-36%)] [15].

2. Somatosensory Evoked Potentials (SSEPs): SSEPs assess the dorsal column-lemniscal
sensory circuit. The main somatosensory cortex's N20 potential reveals thalamocortical
neuron synapse integrity. Absent bilateral N20 potentials reflect thalamocortical link
failure, which predicts a poor neurologic prognosis at hospital discharge up to 12 months
with an FPR of 2.7% (95% ClI, 1.6%-4.4%) [16].

If the N20 cortical wave of SSEP is absent on both sides 72 hours after ROSC, the
neurological prognosis is poor [FPR 0.4 % (0-2%)] [3]. However, SSEP sensitivities are
often below 50%. For the strongest predictors to meet ERC-ESICM requirements 72
hours after ROSC, the N20 SSEP wave must be missing. In a study conducted by Endisch
et al., the authors evaluated the amplitude of N20 SSEP waves in 293 CA survivors from
day 1 to day 4 after ROSC. With a specificity of 100% and a sensitivity of 57%, low
amplitude (0.62 V) predicted poor neurological results (CPC 4-5) [17].
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SSEP works better with less sedation than EEG, though it is susceptible to
electrical interference. Since hypothermia reduces conduction velocity, SSEP should be
recorded following rewarming.

I11. NEUROIMAGING

1. Computed Tomography (CT): Cerebral edemais the predominant CT finding of HIBI.
The ratio of gray matter (GM) and white matter (WM) densities i.e., GWR is routinely
collected at three levels: basal ganglia, centrum semiovale, and high convexity. Changes
occur soon after CA. In comatose survivors of CA between 1- and 24-hours following
ROSC, a GWR between 1.16 and 1.22 predicted a poor neurological prognosis (CPC 3-5)
with 0% FPR and sensitivities of 28 to 76% on brain CT [18, 19].A single-center analysis
of 240 patients with brain CT within 24 hours of ROSC found that a GWR <1.22
accurately predicted hospital mortality [98 % (91-100%], but did not differentiate
between survivors with poor or excellent outcomes [20]. In comatose ROSC patients,
current guidelines advocate brain CT within 72 hours as part of a multimodal
neuroprognostication strategy [21].

2. Magnetic Resonance Imaging (MRI): HIBI following CA causes diffusion-weighted
imaging (DWI) hyperintense regions on brain MRI. The changes are quantified using
apparent diffusion coefficient (ADC). The whole-brain ADC, the fraction of brain volume
with low ADC, and the lowest ADC value in HIBI-prone brain regions have been used to
predict poor neurological prognosis following CA [22]. Hypothermia also reduces ADC
values, thus, MRI should be ideally done after achieving normothermia. Wu et al.
examined 80 of 200 prospectively collected CA patients who had at least one MRI scan.
Out of 80 patients, 14 had therapeutic hypothermia (TH). Patients with mean whole-brain
ADC depression <665 x 10-6 mm?/s did not recover from moderate to severe impairment
[23]. Wijman et al. found that individuals with ADC values <650 x 10-6 mm?/s and
>10% brain volume had poor results in 51 patients (31 of whom had TH) [24].

Brain MRIs should be performed 2-5 days after ROSC, if at all possible, though
MRI might predict neurological outcomes as early as 3 h following ROSC [25, 26].Due to
the small number of patients investigated, current guidelines advise utilizing brain
imaging following CA only in conjunction with other predictors and in centers with
specialized experience. Also, MRI is impractical in the most unstable patients, which may
bias prognostic analyses.

3. Biomarkers: Numerous biomarkers have been studied for neuroprognostication. These
include neuron specific enolase (NSE), S-100B, glial fibrillary acidic protein (GFAP),
neurofilament light (NFL)and tau -proteins. These protein biomarkers are secreted after
neuron and glial cell damage and thus reflect hypoxic damage to brain during CA. Their
blood levels are thought to correlate with HIBI following CA [27, 28]. Advantages of
using biomarker concentrations is that they are straightforward to measure and are not
altered by sedatives like clinical examination and EEG. However, no single biomarker
can accurately and consistently predict bad outcomes. Thus, unlike prior
recommendations, current guidelines do not prescribe a precise biomarker level to predict
poor outcome with 100% specificity due to multiple reasons [11]. Firstly, the time of
sampling affects biomarker thresholds. Secondly, the variability of biomarker
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measurement methods can also generate systemic errors. Thirdly, biomarkers may yield
false positives from extracerebral sources (e.g., NSE extracerebral resources include red
blood cells, neuroendocrine tumors, and small cell carcinoma).

Recently, microRNAs (miRNAs) have been discovered as potential CA outcome
biomarker. miRNAs influence gene expression using 20-22 nucleotides. Neuronal
miRNAs pass the blood—brain barrier and may be quantified in plasma after global brain
ischemia. Their benefit is that they can assess degree of brain injury in addition to
neuronal cell function. Comatose CA patients' mortality and neurological outcomes are
independently predicted by miRNAs, according to preliminary research [29, 30].

4. Prognostication Strategy: The strongest predictors (FPR < 5% for poor outcome
prediction with narrow CI) should be assessed first. These include bilaterally absent
pupillary reflexes at >72 h post-ROSC and/or N20 SSEP wave following rewarming. In
the absence of such signals, we may resort to less reliable predictors, such as
unresponsive EEG pattern after achieving normothermia (status epilepticus, burst
suppression), diffuse ischemic lesions on brain CT or MRI within 24 hours or 2-5 days
after ROSC or early status myoclonus (48 h)[Figure 1]. If none of these criteria are met
or prognostic test findings are discordant, the prognosis is uncertain and prolonged
monitoring and therapy should be maintained to identify late awakeners. After ceasing
sedation, 15-30% of patients with a satisfactory result awaken within 48 h and 10-12
days [31, 32]. Renal insufficiency, age, and post-resuscitation shock enhance delayed
awakening.Meanwhile, predictors of good neurological recovery should also be
examined. Combining at least two predictors is recommended.

IV. CONCLUSION

Neuroprognostication in CA patients is a complex and evolving field that significantly
influences  treatment decisions and patient outcomes. Clinical examination,
electrophysiology, neuroimaging and biomarkers are often utilised to prognosticate CA
survivors. Current guidelines advocate a multi-modal strategy, incorporating different
prognostication tests to reduce the possibility of an overly negative prognosis.However,
ongoing research, standardization of protocols, and ethical guidance are essential to optimize
the precision and ethical application of neuroprognostication in this critical patient
population.
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Figure 1: Algorithm for Neuroprognostication
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