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of Glasgow, Glasgow, Scotland. Glasgow Cardiovascular Research Centre, BHF Centre of Research Excellence, 

126 University Place, Glasgow, G12 8TA; 2552880m@student.gla.ac.uk or Jack.mellon@nhslothian.scot.nhs.uk  

Abstract: Background Cardiac arrest (CA) results in significant mortality worldwide, largely due to 

the hypoxic-ischaemic brain injury sustained. MicroRNAs (miRNAs/miR), non-coding RNAs that 

regulate gene expression, have shown diagnostic potential in stroke and other neurological diseases. 

This work presents the expression and predictive value of blood miRNAs for 6-month neurological 

outcomes post-CA. Methods A comprehensive literature search of PubMed and the Cochrane Library 

identified clinical studies reporting blood miRNA expression post-CA and its association with 6-

month neurological outcomes. MicroRNA expression, patient characteristics, and receiver operator 

characteristic Area Under Curve (ROC-AUC) values were extracted. MicroRNA expression was 

examined against neurological outcomes using the Cerebral Performance Score Category 

(favourable: CPC 1–2; unfavourable: CPC 3–5). Results Ten clinical studies (n = 2,414 patients) met 

inclusion criteria. Eleven miRNAs were differentially expressed within 72 hours of a return of 

spontaneous circulation (ROSC). ROC-AUC values for blood miRNAs ranged from 0.62–0.89 at 

various time points. Notably, an up-regulated miR-124-3p at 6hrs post-ROSC could predict 

unfavourable neurological outcomes with high accuracy (AUC = 0.84), while miR-191-5p was the 

most accurate predictor of neurological outcomes when taken at 48hrs post-ROSC (AUC = 0.89). Odds 

ratios and Hazard ratios were collated to establish the clinical value of changes in miRNA expression 

levels at various time points. 5 studies provided odds ratios and 1 study provided a hazard ratio. 

Discussion and Conclusion miRNAs have distinct and prognostically useful expression changes post-

CA and ROSC. MiR-124-3p and miR-191-5p can relatively accurately predict 6-month neurological 

recovery within 72 hours of ROSC. Although blood miRNAs demonstrate potential as early 

molecular biomarkers of ischaemic brain damage, further work is required to account for existing 

pathologies that may also impact circulating miRNA expression. This work additionally emphasizes 

the need for large scale pragmatic trials to establish the role of miRNAs in guiding clinical decision 

making within this group of patients. 

Keywords: biomarker; cardiac arrest; neurological; microRNA; ischaemia; outcome prediction 

 

Introduction 

Cardiac arrest (CA) refers to the sudden stop of cardiac output and resulting loss of circulating 

blood [1]. Annually, 30,000 cardiopulmonary resuscitation (CPR) attempts are made by United 

Kingdom (UK) Ambulance Service clinicians to restore cardiac function and obtain a return of 

spontaneous circulation (ROSC) [2]. Despite efforts by clinical teams and recent advancements in 

resuscitative and emergency medicine, mortality in these patients is still high, with approximately 

60% of patients not surviving CA and a further 80% dying of a neurological failure within 12 months 

[3]. In the recently published and widely distributed PARAMEDIC-3 trial [4], only 2.7% of patients 

who survived to hospital discharge after an out-of-hospital cardiac arrest (OHCA) had a favourable 

neurological outcome, representing a clear unmet need to predict and identify unfavourable 

neurological outcomes in this group of patients.  
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Hypoxic-ischaemic brain injury (HIBI) and brain death remains the predominant cause of 

mortality following ROSC [5]. Withdrawal of life-sustaining interventions due to a suspected poor 

neurological outcome is the most common cause of death following an initially successful 

resuscitation [6]. Brain injury in resuscitated patients presents in neurocognitive dysfunction, 

myoclonus, or seizure activity [7]. The brain has a significant metabolic demand, receiving 30% of 

total cardiac output. This demand has been quantified to approximately 50ml/100g/min of blood [8] 

and 3.5cc/100g/min of oxygen [9], and irreversible brain damage occurs following 30 minutes of 

cerebral blood flow levels lower than ~10ml/100g/min [10]. Although global, and not focal ischaemia, 

the process follows a cascade similar to ischaemic stroke in that brain tissue is metabolically deprived 

due to under-perfusion. A detailed explanation of ischaemic pathophysiology is outside of the scope 

for this review but has been covered extensively elsewhere [11–13]. 

The development of blood-based biomarkers could provide an objective measure of HIBI during 

the period of hypo-perfusion with independence from the effects of anaesthetic or sedative drugs 

that often confound neurological examinations in the intensive care setting [14]. An ideal biomarker 

for this context should be easily accessible, have a relatively long half-life, exhibit brain-

hypoxia/ischaemia specificity, and demonstrate high sensitivity and specificity for prognostication 

across various populations and demographics for example age and gender.  

MicroRNAs are a family of small non-coding RNA molecules involved in the post-

transcriptional regulation of gene expression. These 18-24 nucleotides long, highly conserved RNAs 

act by base pairing to complementary sequences of target mRNA 3’ untranslated regions (UTR) and 

result in the inhibition of translation or the degradation of the mRNA [15]. Significant interest has 

evolved in microRNAs in science and society, with the discovery of miRNAs and their physiological 

role winning the 2024 Nobel Prize [16]. Further from their role in healthy physiology, a large body of 

research has investigated the role of miRNAs within cardiovascular [17,18], neurological [19,20], 

oncological [21–23], and immunological diseases [24,25] as potential diagnostic and prognostic 

biomarkers. MicroRNAs are advantageous in the context of a biomarker as they can be assessed by 

minimally invasive procedures e.g. venipuncture, quantified by low-cost methods such as 

quantitative PCR (qPCR), and are relatively stable within the blood and bodily fluids [26–29]. 

Less than 1% of patients have no neurological symptoms after a CA [30], and therefore, a 

molecular biomarker to predict the extent of neurological outcomes following CA would have great 

clinical utility. This review will investigate the post-CA expression of microRNAs in blood and collate 

the latest evidence for the prognostic ability of microRNAs when obtained at ROSC for a poor 

neurological outcome at 6 months, utilising receiver operating characteristic area under the curve 

(ROC-AUC) values, odds ratios (OR), and hazard ratios (HR).  

Methods and Aims 

This work involved a comprehensive search of the Cochrane Database and PubMed to extract 

and identify relevant literature. Literature identified was screened against the inclusion and exclusion 

criteria of this review, described in Table 1. A reference list of included studies is found in Appendix 

A. Due to the various methods of quantification, miRNA expression was recorded as either relatively 

up-regulated or relatively down-regulated, accounting for variation in how microRNA quantification 

is presented in publications, for example, fold change, objective measures e.g. copies/ml or relative change 

to an admission value or expression value relative to a spike-in miRNA. This was to standardise the 

reporting process and to allow meaningful comparisons.  

A ‘twice reported’ approach was used to declare significance of reported microRNA findings 

and to reduce the likelihood of false positive reporting, this matched results for when microRNAs 

were obtained after ROSC, their expression, the specific microRNA species (ie treating miR-9-5p and 

miR-9-3p as distinct entities), and the neurological outcome at 6 months. The number of times a result 

was replicated was then visualised. Statistical work and data visualisation was carried out within 

Apple Numbers and R studio 4.4.2.  
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The primary outcome measure for this work was neurological status at 6 months from ROSC. 

This neurological status was defined using the Cerebral Performance Score Category (CPC), which is 

a 5-point functional scale. A CPC score of one represents good cerebral performance, 2 represents 

moderate cerebral disability, 3 represents severe cerebral disability, 4 represents coma or vegetative 

state, and 5 represents brain death [31]. 

Table 1. Table of inclusion and exclusion criteria for studies within this review. 

Inclusion  Exclusion 

Statistically significant results p <0.05 or FDR 

adjusted p value of <0.05 

Paediatric cardiac arrest. 

Published in a peer reviewed journal since 

1993*.  

Bioinformatic/database driven research or 

animal models without original patients.  

Written informed consent from the patient, the 

patient’s next of kin, or Doctor.   

Post-mortem samples/ pathology analysis. 

Appropriate quantitative methods for 

microRNA quantification e.g. microarray, 

polymerase chain reaction, or next generation 

sequencing. 

Case studies.  

Studies that obtained blood and quantified 

microRNA expression from patients who had 

either an in-hospital or out of hospital cardiac 

arrest within a defined period, either stated 

directly or deducible from the paper 

methodology.  

Patients in which gene therapy/ gene editing 

treatments have been administered.  

*MicroRNAs were discovered in 1993 [32] by Lee, Feinbaum, and Ambros and therefore studies published prior 

to this could not be relevant. 

Main body 

Included Studies and Patient Demographics 

From 173 potentially eligible titles, 10 clinical studies involving 2414 patients were included. The 

clinical characteristics of patients involved in the 10 studies are presented in Tables 2 and 3 and a 

summary of the methods used in each study is described in Appendix Table A1. The methodology 

for this study and extraction of relevant data from included studies is presented in a flow chat (Figure 

1).  
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Figure 1. Flow chart of review methodology and extraction of relevant data from included studies. Common 

reasons for exclusion also listed. 

From 2424 patients, 1155 (47.84%) had unfavourable neurological outcomes (CPC 3-5). Of these, 

66.15% were men and 33.85% were women, 62.6% had bystander CPR and the time to ROSC was 

29.43 mins. In those patients with a favourable neurological outcome (CPC 1-2), 69.19 % were men 

and 30.81% were female. 74.62% of these patients had bystander CPR and had a reduced time to 

ROSC of 18.5 mins. With respect to age, those with a good neurological outcome were younger (mean 

59.87 years) as compared to those who had a poor neurological outcome (mean 64.45 years). 

MicroRNAs were obtained from 2hrs to 78hrs from ROSC, with the most frequent sample acquisition 

point being 48hrs post-ROSC. Patient demographic data, stratified by patient outcome, is shown in 

Tables 2 and 3.  
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Table 2. Relevant characteristics and clinical data of patients with an unfavourable neurological outcome (CPC 

3-5) at 6 months from ROSC. Relevant parameters including age, gender breakdown, bystander 

cardiopulmonary resuscitation (CPR) and time from CPR onset to return of spontaneous circulation (ROSC). 

Table generated in Apple Numbers version 13.2. 

Patients with an Unfavourable Neurological Outcome after Cardiac Arrest and ROSC (CPC 3-

5). 

Study 

Identifier n 

Age 

(years) M % F % 

Bystander 

CPR (y %) 

Time to 

ROSC 

(min) 

1 67 66 87 13 78 26 

2 30 72 53 47 37 25 

3 14 63 9 91 n.a 30 

4 275 68 77.8 22.2 66.2 30 

5 34 60 73.5 26.5 52.9 34.5 

6 118 54.08 56.8 43.2 n.a 89.16 

7 18 n.a n.a n.a n.a n.a 

8 283 68 77.4 22.6 66.1 30 

9 291 68 76.92 23.08 66 30 

10 25 70 84 16 72 30 

Average  64.45 66.15 33.85 62.6 29.43 

Total 1155     
 

Table 3. Relevant characteristics and clinical data of patients with a favourable neurological outcome (CPC 1-2) 

at 6 months from ROSC. Relevant parameters including age, gender breakdown, bystander cardiopulmonary 

resuscitation (CPR) and time from CPR onset to return of spontaneous circulation (ROSC). Table generated in 

Apple Numbers version 13.2. 

Patients with a Favourable Neurological Outcome after Cardiac Arrest and ROSC (CPC 1-2). 

Study 

Identifier n age (years) M % F % 

Bystander 

CPR (y %) 

Time to 

ROSC 

(min) 

1 104 59 88 12 82 19 

2 35 65 74 26 49 16 

3 14 64 9 91 n.a 20 

4 304 60 82.6 17.4 79.9 20 
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5 20 48 60 40 75 13 

6 142 54.87 58.5 41.5 n.a 57.24 

7 9 n.a n.a n.a n.a n.a 

8 307 60 82.7 17.3 79.5 20 

9 299 61 83.9 16.1 81 20 

10 25 62 84 16 76 20 

Average  59.87 69.19 30.81 74.62 18.5 

Total 1259     
 

MicroRNAs and Their Expression Post-ROSC in Patients with an Unfavourable Neurological Outcome 

All reported microRNAs, with exception to miR-191-5p and miR-122-5p, were found to be up-

regulated across the 2-72hr period following ROSC (Figure 2). Additionally, miR-122-5p expression 

was subsequently found to be up-regulated at 48hrs, demonstrating a potential temporal specificity 

to its expression.  

Twice reported analysis was carried out within the microRNA data to match results for time 

obtained, expression, direct microRNA species, and outcome, yielding one miRNA that satisfied 

these requirements. As seen in Figure 2, microRNA-124-3p expression was up-regulated at 6hrs post-

ROSC.  

Further to this replication of miR-124-3p at 6hrs, miR-124-3p was also up-regulated at 2 hours, 

and at 48hrs. miR-124, although not species specific, is reported to be up-regulated at 24hr and 48hrs. 

Additionally, although not replicated, a similar pattern of sustained expression following CA is seen 

in miR-9-3p, which was up-regulated at 28, 48, and 72hrs. The remainder of miRNAs and their 

expression are visualised on Figure 2. 
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Figure 2. Distribution of microRNAs within blood of patients with an unfavourable neurological outcome at 6 

months across the first 72 hrs following ROSC. MicroRNA expression across the first 72 hours following cardiac 

arrest and ROSC. Size of dot representing significance of microRNA in terms of how many times this result has 

been replicated. Expression of microRNA denoted by colour of dot, down-regulated or up-regulated shown by 

red or blue, respectively. Unfavourable neurological outcome established by either Cerebral Performance Score 

at 6 months. Figure generated in R-studio. 

The accuracy of Acute microRNAs Expression at Predicting Patient Neurological Outcome at 6 Months from 

ROSC 

13 Receiver operator characteristic area under the curve (ROC-AUC) values for several 

microRNAs across the first 72 hours were obtained and are presented in Figure 3. For accurately 

predicting neurological outcomes at 6 months, ROC values ranged from 0.62-0.89 when obtained 

within the first 48hrs. miR-124 and miR-191-5p had the most accurate ROC-AUC value of 0.89 at 

48hrs. miR-122-5p was found to have the lowest reported diagnostic accuracy at 0.62 at 48hrs.  
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Figure 3. The accuracy of microRNA levels at different time points following a return of spontaneous circulation 

to predict neurological outcomes of patients at 6 months. Figure generated using ROC-AUC values and the time 

in which the blood was obtained for these, to present how the predictive ability of correctly identifying 

neurological outcomes at 6 months is across the first 60 hours from return of spontaneous circulation. Figure 

generated in R-studio.  

Significant Changes in Circulating microRNAs Mostly Predict Unfavourable Neurological Outcomes at 6 

Months 

5 studies reported Odds Ratios (OR). Following significant changes in circulating miRNA 

expression, patients were more likely to have an unfavourable outcome following cardiac arrest and 

ROSC. This was the exception for miR-122-5p, for which both univariate and multivariate OR was <1 

and therefore suggests a neuro-protective effect of having an up-regulated change to miR-122-5p 

expression. These results are further expanded in Table 3 and visualised in Figure 4.  
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Figure 4. Collated univariate and multivariate odds ratios (OR) for predicting poor neurological outcomes with 

differentially expressed microRNAs following cardiac arrest and return of spontaneous circulation (ROSC). Data 

were extracted in the form of ORs with 95% confidence intervals (CIs) and visualized using R-studio. The 

direction of change in microRNA expression (upregulated or downregulated) is not depicted but is elaborated 

on in main text. Blue and red markers represent univariate and multivariate analyses, respectively. The red 

dashed line represents the null effect (OR = 1), indicating no association with outcome. 

Hazard Ratio (HR) 

Only one eligible study reported a Hazard Ratio (HR). Yu et al 2022 found a down-regulation in 

miR-191-5p at 48hrs (<0.001) and reported a multivariate-generated hazard ratio (HR) of 0.344 (0.208-

0.567) suggesting that patients with a down-regulated miR-191-5p may have a protective association 

for neurological outcomes (Table 3).  

Table 3. Table of differing associations between microRNAs obtained and neurological outcomes at 6-months, 

shown by a regression models including univariate and multivariate analysis. Author and year shown in italics. 

95% CI = 95% Confidence Interval, OR = Odds Ratio. 

Author / Year  Association between microRNAs after ROSC and Neurological Outcomes.  
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Beske et al 2022 miR-9-3p was up-regulated at 48hrs post-ROSC. Univariate analysis 

revealed that patients in this study with elevated microRNA levels at 48hrs 

post-CA were more than twice as likely to have an unfavourable 

neurological outcome (OR = 2.14, 95%CI [1.62-2.97]), p<0.0001). From 

multivariate analysis, patients were twice as likely to have a poor 

neurological outcome with an elevated miR-9-5p (OR = 2.21, 95% CI [1.64-

3.15]), p <0.0001).  

Devaux et al 2016 miR-124-3p which was up-regulated at 48hrs post-ROSC (p<0.001) found 

that patients with an elevated miR-124-3p were additionally at risk of an 

unfavourable outcome, which was quantified to be 6.72 times as likely 

(univariate OR = 6.72, 95% CI [4.53-9.97]). Following multivariate analysis, 

this unfavourable outcome was 1.6x as likely in patients with an elevated 

miR-124-3p (OR = 1.62, 95% CI [1.13-2.32]).  

Devaux et al 2017  miR-122-5p at 48hrs was found to be down-regulated (p<0.001) in patients 

with an unfavourable outcome. In univariate analysis, the odds ratio (OR = 

0.71, 95% CI [0.57–0.88]) indicates that for each unit increase in miR-122-5p 

expression, the odds of a poor neurological outcome decreased by 29%. 

From multivariate analysis, the OR further  decreased to 0.51 (95% CI 

[0.37–0.68]), suggesting a 49% reduction in the odds of an unfavourable 

outcome for higher levels of miR-122-5p. 

This demonstrates that higher miR-122-5p expression may have a neuro-

protective effect following cardiac arrest. 
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Boileau et al 2019 miR-574-5p was up-regulated at 48hrs (p<0.001).  From univariate 

analysis, levels of miR-574-5p was a predictor of neurological outcomes 

(OR = 1.5, 95% CI [1.26-1.78]). Interestingly, this study reported sex specific 

differences in men vs women. From multivariate analysis, circulating levels 

of miR-574-5p predicted neurological outcomes in women (OR = 1.9, 95% 

CI [1.09-3.45]) but not in men (OR = 1.0, 95% CI [0.74-1.28]).  

Steffanizzi et al 2020 Logistic regression of miR-9-3p, miR-124-3p, and miR-129-5p found that 

these microRNAs were all associated with poorer outcomes, miR-9-3p (OR 

= 4.81, 95% CI [1.81-12.78]), miR-124-3p (OR = 15.92, 95% CI [2.31-109.74]) 

and miR-129-5p (OR = 9.2, 95% CI [2.47-34.26]). 

Discussion/Conclusions 

This review has collated and presented the most up to date evidence regarding the use of 

microRNAs as prognostic biomarkers of neurological outcomes following cardiac arrest and return 

of spontaneous circulation (ROSC), identifying distinct changes in miRNA expression, the individual 

accuracy of miRNAs, and presenting the association between microRNA expression changes and 

favourable or unfavourable outcomes in the form of odds ratios (OR). This analysis was unique in 

that it portrayed them temporally to allow for comparison of expression over time to highlight when, 

from the literature, is the most optimal time to obtain miRNAs for this type of prognostication and 

which miRNAs are most clinically useful to predict outcomes.   

This work identified that miRNA-124 is a useful biomarker for post-cardiac arrest 

prognostication of neurological outcomes, with distinct expression and high accuracy for predicting 

neurological outcomes. The 3 prime species, miRNA-124-3p was found to be up-regulated from 2-

48hrs and at 6hrs, a finding replicated twice. Within this context, changes in miR-124-3p could be 

from heart, vascular, brain, or multi-organ ischaemia with several studies citing miR-124-3p as a 

biomarker of hypoxia-ischaemia [33–36]. Further to this, within cell lines exposed to hypoxia and 

patients presenting with acute myocardial infarction, miR-124-3p expression was significantly 

increased compared to control patients and control conditions for the cell culture [37]. Interestingly, 

from further work, hypoxia-induced apoptosis of these cells was eliminated by the inhibition of miR-

124-3p, offering a novel therapeutic strategy for diseases of hypoxic-ischaemic nature [38,39].  

The use of biomarkers in post-cardiac arrest prognostication is not novel. Established circulating 

biomarkers such as neuron-specific enolase (NSE), S100B, and neurofilament heavy chain have been 

explored for this purpose [40–42]. Among these, NSE is the only biomarker recommended for 

prognostication [43]. However, its clinical utility is hindered by variability in standardization, 

concerns regarding haemolysis-related artefacts [44] and intra-sample variability, with Stern et al 

2007 [45] reporting a potential 40% discrepancy in NSE levels from the same patient samples. This 

raises concerns about its reliability in clinical decision-making. Unlike NSE, miRNAs offer improved 
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stability and specificity due to their role as gene expression regulators in normal physiology. Their 

expression has been widely explored and shows inter-individual longitudinal stability [46] and their 

expression remain stable for at least 24hrs at room temperature in whole blood, allowing for complex 

biomedical testing and analysis [47]. 

This review identified that miR-122-5p has temporally specific expression following cardiac 

arrest and ROSC, as miR-122-5p was up-regulated at 6hr then down-regulated at 48hrs. MicroRNA-

122-5p is located on chromosome 18q21.31 [48] and involved in modulating several relevant 

biological pathways in brain health such as inflammation, oxidative stress, angiogenesis, and 

neuronal survival. Further, miR-122-5p has been found to regulate HIF-1α (Hypoxia-inducible factor 

1 alpha), which is essential for cellular responses to low oxygen levels and contributes to 

neuroprotection and overall cell survival in global (and focal) ischaemia [48–51]. Interestingly, animal 

work of myocardial ischaemia reperfusion injury (MI/RI), has shown that upon ischaemia, miR-122-

5p expression was up-regulated and that depletion of miR-122-5p alleviated ischaemic injury and 

suppressed cardiomyocyte apoptosis [52]. A comprehensive understanding of the regulatory and 

upstream processes involving miR-122-5p expression and its associated gene targets may allow for 

precision medicine strategies to improve neuroprotective pharmacological therapies in patients with 

HIBI and myocardial ischaemia.  

The volume of pathologies involving miRNAs may negatively impact their clinical translation 

by confounding their expression. For example, miR-21 is reported within this work to be up-

regulated at 48hrs, but miR-21 levels are altered within 29 other disease processes including acute 

coronary syndrome, hepatitis C, Chron’s disease, multiple sclerosis, pulmonary fibrosis, type 2 

diabetes, and several more, indicating a lack of specificity to a particular disease [53]. In a population 

such the UK, it would be troubling to find a patient without any of these conditions or a family history 

of such disease, such that, the levels could be assumed to be un-altered by existing pathology or 

genomic changes to miRNA promoters. Thus, when selecting a miRNA biomarker, the expression of 

this miRNA in other pathologies should be considered as fully and comprehensively as possible. 

A key limitation of this review was the inclusion of several spin-off studies from the large, multi-

centre Targeted Temperature Management (TTM) trial [54], which investigated the impact of targeted 

hypothermia (33°C or 36°C) in unconscious patients following hcardiac arrest. These spin-off studies 

reported microRNA levels and patient outcomes locally as although the TTM trial was the source 

and organised the collection of biological samples, it did not publish or collate the biomarker data, 

leaving individual clinical teams to publish their own analyses from local biobanks of patients 

involved in the TTM trial. For this review, the spin off studies were treated as separate entities and 

independent cohorts. Moving forward, larger, independent cohort and case-control studies should 

validate the microRNAs identified by this review and pragmatic trials should investigate the clinical 

utility of this data, especially the perception of clinicians in how useful this information is to clinical 

decision making.  

Conclusion 

Accurately predicting neurological outcomes and establishing neuroprotective strategies 

following cardiac arrest remains an unmet need in intensive care medicine. This review has collated 

and presented miRNA expression at several time points (2hr-72hr) following cardiac arrest and 

return of spontaneous circulation (ROSC), demonstrated the fluctuation in predictive accuracy of 

miRNAs for 6-month neurological outcome through ROC-AUC values, and quantitatively assessed 

associations between expression of miRNAs and outcomes using odds ratios and hazard ratios, using 

evidence from 10 clinical studies.  

From this, I highlight the future of miR-124-3p and miR-122-5p as useful candidate prognostic 

biomarkers of neurological outcomes after cardiac arrest. Further mechanistic understanding of these 

miRNA could enhance our confidence in their role of specific biomarkers of global brain ischaemia 

and long-term damage, and may inspire precision medicine pharmacologic initiatives to mitigate 

hypoxic-ischaemic brain injury (HIBI) in these patients. New observational and preclinical research 
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will hopefully increase specificity of microRNAs due to their large involvement in normal physiology 

and pathophysiology across many disease families including cardiovascular, neurological, 

immunogenic, and oncological, leading to potential confounding of expression values that could be 

catastrophic for clinical decision making.  

Finally, it is vital to stress that prognostication relies on a multi-component approach including 

clinical examination and expert physician opinion, imaging, neurophysiology, and expertise of the 

multi-disciplinary team to guide treatment and clinical decision making. This research lays the 

foundation for future pragmatic trials and the advancement of genomic biomarkers in precision 

neurocritical post-cardiac arrest care.  
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