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Summary

Cognitive deficits are common, although often mild, in out-of-hospital cardiac arrest patients.
Prevalence and severity of cognitive deficits on discharge from acute hospital, however, are
not systematically assessed in clinical practice, and not frequently reported in scientific
literature, potentially hindering the development of appropriate follow-up care pathways for
these patients. We hereby present data from a consecutive case series of 75 out-of-hospital
cardiac arrest patients discharged from our hospital over a period of 16 months; for 46 of
them we were able to obtain a cognitive profile around the time of discharge from hospital,
with 37 of them experiencing cognitive deficits, ranging from mild to severe. Memory, verbal
fluency and cognitive flexibility were the areas more frequently impaired. The patients we
were able to assess did not differ for age, cerebral performance category score and time to
return of spontaneous circulation from those we were unable to assess. Cognitive deficits
were not associated with duration of ‘no blood flow’ during cardiac arrest or with age. Our
results suggest that cognitive deficits in the immediate aftermath of out-of-hospital cardiac
arrest are common, however these may be missed due to lack of systematic assessment and

use of poorly sensitive cognitive tests.

Introduction

Out of hospital cardiac arrest (OHCA) is one of the most prevalent causes for mortality
worldwide. In England alone, 31,698 individuals were treated by emergency services in 2020,
with 8.3% surviving to hospital discharge ((Out-of-Hospital Carfiac Arrest Overview:
England 2020). Better CPR training, early access to defibrillation and improved post-
resuscitation care means survival rates are slowly improving (Yan S. et al, 2020; London

Ambulance Service, 2019).



Considerable evidence exists that many patients who survive a prolonged period of critical
care are at heightened risk of developing psychological, psycho-social, cognitive and
behavioural problems once discharged (Rawal et al, 2017; Davies et al, 2017; Lilja 2018,
Svenningsen, Langhorn, Agérd, & Dreyer, 2017). In the OHCA survivor population (mostly,
but not solely, a subset of ICU survivors), psychological, cognitive and on-going physical
health problems have been well documented. Cognitive deficits may be present in up to 40-
50% of OHCA survivors in the first 6 to 12 months (Lilja et al, 2015; Lilja, 2017; Moulaert,
2009) affecting memory, information processing, executive functions and visuo-motor skills
(Jaszke-Psonka et al., 2016; Lilja et al., 2015, Medrzycka-Dabrowska at al., 2018). Return to
full participation in everyday life, and to work where applicable, is also lower for cardiac
arrest patient compared to, for example, patients recovering from myocardial infarction, with

cognitive impairment being a predicting variable of return to work (Lilja et al., 2018).

There is currently limited evidence on cognitive performance of OHCA survivors in the first
few days and weeks after cardiac arrest. Executive functioning has been identified as a
domain particularly affected in the very early stages (before discharge and in the first two
weeks, respectively by Koller at al. 2017 and Steinbush et al. 2017), together with memory
and attention (Sabedra et al 2015; Kim, Oh, Park, & Kim, 2019).

Early identification of cognitive deficits is pivotal in offering appropriate and timely support.
The ‘Activity and Life after Survival of a Cardiac Arrest’” RCT demonstrated significant
benefits in outcomes of cardiac arrest survivors after early identification and simple nurse-led
treatment of cognitive and psychological problems, with additional analyses suggesting a
high probability of cost-effectiveness from a societal perspective (Moulaert et al., 2014;
Moulaert et al., 2016). The growing recognition of the multi-faceted nature of cardiac arrest
survivorship (as discussed in Sawyer at al., 2020) is now beginning to be reflected in the
development of clinics integrating cardiac, neurological and psychological follow-up (Boyce

& Goossens, 2017; Agarwal et al, 2018; Mion et al., 2020).

The aim of this study was to investigate the early cognitive profile in a consecutive series of
OHCA survivors over a period of 18 months and discuss the results in the context of current

post-resuscitation pathways.
Methods

Inclusion criteria



All initially comatose patients suffering from an OHCA of presumed cardiac aetiology (as
defined by Utstein template, see Perkins et al., 2015) admitted to the Essex Cardiothoracic
Centre between November 2017 and April 2019 who made sufficient recovery to be
discharged alive from ICU were included in this study. Patients suffering from an OHCA of
presumed non-cardiac aetiology are not routinely seen in our centre. They were identified and
informally monitored by a senior intensive care nurse, and routinely screened for delirium
with the Confusion Assessment Method-Intensive Care Unit (CAM-ICU). After stepdown to
a cardiology ward/high dependence unit a first contact was made with the patient (after
resolution of delirium, and in preparation for discharge planning), with the aim of providing
basic information around common cognitive deficits and psychological difficulties following
a cardiac arrest. Verbal consent was sought for referral to neuropsychology; if obtained, the
Clinical Psychologist was alerted. At this stage, patients were explained that the assessment
offered involved paper and pencil testing around their memory, speed of thinking, and other
cognitive skills, as well as a few questions around their mood (not included in this paper).
They were told this was likely to take around 30 minutes and it could benefit their recovery if
deficits were identified and referrals to appropriate post-discharge services made; however,
they remained free to stop/withdraw at any time. No patient declined the assessment;

however, three chose not to complete all the tests.

When patients were severely cognitively impaired, or it was dubious whether they could fully
understand the purpose of the assessment, their families were involved from the early stages
of their care and recovery process; assessments were only conducted after mutual agreement
that this was in the patients’ best interest, in accordance with the overarching principle of

doing no harm and only assess relevant components.

On some occasion patients could not be contacted in time due to their rapid progress along
the pathway and quick discharge; in these cases, an attempt was made to contact them after
discharge, via telephone call and/or letter, to offer an outpatient appointment as soon as

practicable (Appendix 1).

Ethical approval was sought and obtained from the BTUH Research & Development

department and this research was classified as service evaluation study.

Cognitive assessment



A first appointment was arranged by the Clinical Psychologist on the cardiology ward before
discharge whenever this was possible. Due to the heterogeneity of presentations (ranging
from disorder of consciousness to a normal cognitive profile) and to patients’ tolerance of the
assessment, it was not possible to use a single cognitive battery; we therefore focussed on
obtaining a cognitive profile and an indication of severity of impairment, using a small set of

tests, scored according to published normative criteria where available.

The main battery consisted of the ACE-III (Addenbrooke’s Cognitive Examination- III — a
brief cognitive test that investigates different cognitive domains), the Trail Making Test part
B (a test of visual scanning, processing speed and cognitive flexibility), and the Frontal
Assessment Battery (a short battery designed to assess executive functioning). This battery
covered a wide range of cognitive functions, including those known to be affected in OHCA
patients after 6 to 12 months (memory, processing speed, executive functioning and visuo-

motor skills).

A minority of patients (3) were deemed too frail, fatigued or cognitively impaired (e.g. they
displayed severe memory deficits on the ward) to engage in the full battery; in this case the
MoCA was used instead (Montreal Cognitive Assessment — a brief cognitive screening tool,
usually administered in 15 minutes and recommended by ERC guidelines). Patients with
more significant cognitive impairment and unable to respond to verbal commands, or in a
disorder of consciousness state were monitored using serial administration of the Coma
Recovery Scale-Revised or the Glasgow Coma Scale (see Table 1 for a summary of the

assessment tools used).

Table 1 — List of cognitive assessments administered to patients

MoCA  ACE-Ill, FAB, TMT Part A and B Functional outcome measures (Coma Recovery
N=3 (3 patients did not complete the TMT, Scale- R — CRS-R; Glasgow Coma Scale - GCS)
and 2 did not complete the FAB) N=9
N=34

ACE-IIl - Addenbrooke’s Cognitive Examination-I1l (ACE-III)
FAB - The Frontal Assessment Battery

TMT Part A and B - The Trail Making Test

MoCA - Montreal Cognitive Assessment



For all patients we calculated a CPC (Cerebral Performance Category) score, based only on
discharge reports and progress notes, to estimate neurological outcome at the point of

discharge from our hospital.
In scoring the assessments we used the following thresholds and criteria for impairment:

e <88 on the ACE-III (a threshold for probable neurocognitive disorder in community
dwelling-individuals, mostly validated in the assessment of dementia);

e A score of < 12 on the FAB. This has been suggested as a cut-off to identify frontal
dysfunction in several neurodegenerative conditions (Dubois et al.,2000)

e A score below the age-adjusted 10% percentile on the TMT B, which is suggestive of
deficits in processing speed/ cognitive flexibility (according to normative data in age-
matched, community-dwelling individuals, Tombaugh, 2004)

e MoCA 18-25 for mild impairment; 10 to 17 for moderate impairment

(https://www.mocatest.org/faq/)

Patients were ranked according to the number of tests where they performed below the cut-

off, and for the purpose of this study were categorized as following:

- No score below cut-off — normal cognitive profile

- One or two scores below cut-off (or MoCA between 18 and 25)— mild impairment

- Three or four scores below cut-off (or MoCA between 10-17)— moderate impairment

- Patients that were unable to respond to verbal command and to engage in cognitive
assessment were monitored using the CRS-R and GCS and categorized as

moderately/severely impaired.

For all patients who underwent cognitive testing, severity of cognitive impairment as defined
in this study was cross tabulated with the independently calculated CPC score, to investigate
if the two approaches measured a similar construct (neurological outcome) and possible
differences in sensitivity to cognitive impairment. A summary of patients’ scores on
cognitive testing, qualitative assessments and categorization of cognitive profile (normal,
mild impairment, moderate impairment, moderate/severe impairment) is provided in

Appendix 2

The level of cognitive impairment, according to the criteria outlined above, was entered into a

multinomial regression as a dependent variable to investigate the role of time to return of


https://www.mocatest.org/faq/

spontaneous circulation (ROSC).—and Age in predicting cognitive outcome. Analyses were

conducted using Jamovi (The Jamovi Project (2020).
Results

Between November 2017 and April 2019, a total of 120 initially comatose patients were
admitted to the cardio-thoracic centre following an OHCA, with 75 (62.5%) surviving to
hospital discharge (Men = 63; Women = 12); the median age was 64 years (range 30 — 86;
IQR 18.5), and the median length of stay in our hospital was 16 days (range 4 — 58; IQR 9.5).
Cardiac aetiology was confirmed based on inpatient diagnosing testing for 73 of them (2
patients had suffered a cardiorespiratory arrest secondary to pulmonary embolism). No
patient had any previous history of psychosis or dementia; one patient had multiple sclerosis
and two had a past medical history of stroke, with one having made a full cognitive/physical
recovery (reported in a previous discharge report), and the other having some persisting
memory deficits but no physical impairment. One patient suffered a minor stroke in the
context of their OHCA. Of these 75 patients, 51 were discharged home, whereas 24 needed
further inpatient rehabilitation. More data around the cardiac arrest, including initial heart
rhythm, estimated time since return of spontaneous circulation (ROSC) when available, CPC

score as well as details around discharge destination, are provided in Appendix 3.

Of the surviving 75 patient 3 were transferred to another hospital for emergency treatment
early in their admission, and 26 were not seen due to a quick discharge from hospital and no

reply to telephone calls/letters with invitation for an early outpatient review.

Of the remaining 46 patients, 30 underwent standardized testing prior to discharge (median =
5 days pre-discharge, range 0 — 25; IQR 6) 7 soon after discharge (median = 37 days post-
discharge, range 10 — 75, IQR 26) and for 9 we could only complete a serial administration
of the Coma Recovery Scale-Revised or the Glasgow Coma Scale up to the point of

discharge, due to severity of their cognitive impairment.

In this study, patients with a short length of stay were more likely to be missed or decline
participation if contacted after discharge (patient not assessed: mean length-of-stay 14.6 days
(range 5-26); assessed patient 20.7 days (range 5-58); t(2.29); p=0.025). These two groups
however did not differ for age (not assessed: mean 63.8 years; assessed 61 years; t(-0.908),
p=0.367), time to ROSC (not assessed mean 21.8 minutes; assessed 22.3 minutes; t(0.126);
p=0.90) or CPC score at discharge (Mann-Whitney U=621, p=0.550)



When adopting the criteria reported in the methods section, of the 46 patients we assessed 9
(19.6%) experienced no cognitive deficits; 13 (28.2%) could be considered as suffering mild
cognitive impairment, 15 (32.6%) moderate cognitive impairment and 9 (19.6%) moderate to
severe cognitive impairment (disorder of consciousness; generalized cognitive impairment;

ongoing confabulation).

At a group level, performance on the ACE-III where this was available (n=34) suggests that
most points were lost in the memory and fluency subtests (Table 2). In the TMT part B, 17 of
31 patients (55%) scored below the age-adjusted cut-off score. 6 of the 32 patients who
completed the FAB (19%) scored below the cut-off.

Attention Memory Verbal Language Visuospatial
Fluency

Mean | 15.2 18.4 8.2 23.9 14.1
Median | 16 18 7 25 15

Range | (8-18) (5-26) (2-14) (18-26) (7-16)
Maximum | 18 26 14 26 16

possible

score

Table 2 — Mean score, median score and range of scores in each subtest of the ACE-Ill for the 34
patients completing this assessment.

In the subset of patients we assessed, we cross-tabulated the severity of cognitive impairment
according to our own criteria against the CPC score independently calculated based on
discharge reports. Agreement was excellent for patient classified as not impaired/mildly
impaired (all CPC 1 — good neurological outcome) and moderately/severely impaired (all
CPC 3 or 4 — poor neurological outcome), but less so for patient in the ‘moderate

impairment’ category (Table 3).

CPCAT NO IMPAIRMENT MiLp MODERATE MODERATE/SE TOTAL
DISCHARGE (cognitive IMPAIRMENT IMPAIRMENT VERE (cognitive
(discharge  assessment) (cognitive (cognitive IMPAIRMENT  assessment)

notes) assessment) assessment) (cognitive

assessment)
11|10 13 7 0 30
20 0 6 0 6
30 2 4 6
4,0 0 0 4 4
Total | 10 13 15 8 46

Table 3 — Patients’ level of cognitive impairment as identified using our criteria cross-tabulated
against CPC scores independently calculated based on discharge reports.




For this group, we also ran a multinomial regression with severity of cognitive impairment
(as described above) as dependent variable, and Time to ROSC, Age and time to ROSC x
Age interaction as factors to investigate their possible role on cognitive outcome. No
significant correlation was found between any of these factors and severity of cognitive
impairment (Time to ROSC y? = 4.05; p=0.256; Age x> = 5.52; p=0.137; Time to ROSC*Age
v’ =3.61; p=0.307).

Discussion

In this study we aimed to assess the early cognitive outcome of out-of-hospital cardiac arrest

sSurvivors in a case consecutive series.

Our data suggest a high incidence of cognitive deficits around the time of discharge from
hospital (only around 20% of the group we assessed did not experience any deficits in the
tests administered). For some survivors this may be the result of a transitory metabolic
encephalopathy, with a favourable outcome (Berisavac et al., 2017; Czyz-Szypenbejl K et al,
2019); however for others it may suggest a degree of brain damage and the possibility of
persisting deficits, whose impact on day to day functioning would need to be assessed
individually. In this study, many patients experienced deficits with delayed verbal memory
and verbal fluency in the ACE-III, and information processing/cognitive flexibility in the
TMT B. More significant executive dysfunction, as identified by the FAB, was less common.
This is in line with previous research into early cognitive deficits after OHCA (Sabedra A. et
al, 2015; Koller at al., 2017; Steinbush et al., 2017; Kim, Oh, Park, & Kim, 2019) and also
with the deficits identified in delayed memory and information processing 6 to 12 months

after an OHCA (Jaszke-Psonka et al., 2016; Lilja et al., 2015) ,

When we compared the level of cognitive deficits against the CPC score (calculated
independently), all patients classified as not impaired or mildly impaired fell in CPC1 and all
of those classified as moderately/severely impaired fell between CPC 3 and 4; patients
classified as moderately impaired, however, showed a wider range of neurological outcomes
(from CPC 1 to CPC 3). It is possible that the more granular approach here presented could
better identify the degree of impairment of this group of patients; the CPC has indeed been
criticized for its poor sensitivity in detecting cognitive impairment, in addition to originating
from the healthcare provider and failing to take into account the survivor’s perspective

(Sawyer et al., 2020). We suggest that patients presenting with multiple mild cognitive



deficits, even when the neurological outcome appears unremarkable, could benefit from close

monitoring and early follow-up after discharge.

In the 46 patients we were able to assess, time to ROSC, age and interaction between the two
were not related to the level of cognitive impairment at this very early point after OHCA
(mostly <1 month). The lack of a correlation between time to ROSC and cognitive outcome
is at odds with a recent study finding a significant negative correlation between time to
ROSC, age, length of stay and performance on the MMSE (mini mental state examination)
prior to discharge from ICU (Kim, Oh, Park, & Kim, 2019); it is worth however mentioning
that almost all survivors in this study had favourable case features such as shockable initial
cardiac rhythm, bystander CPR and witnessed cardiac arrest, all factors that can potentially
reduce the impact of longer resuscitation times (Reynolds et al., 2016). Our patients were also
assessed closer to the point of discharge, usually a few days after step-down from ITU.
Importantly, this finding suggests that age, time to ROSC and the interaction between the two
should not be relied upon to decide which patients should undergo a cognitive assessment

before discharge.

A key strength of this study was the attempt to systematic screen for cognitive deficits after
an OHCA in a case consecutive series of patients. In our clinic this provided an opportunity
to deliver tailored psychoeducation to patients and their families on the early effects of
surviving a cardiac arrest, including (but not limited to) normalization of distressing
experience of memory loss and difficulty with cognitive flexibility, to facilitate psychological
adjustment. As survivors and their families are unlikely to be able to fully engage in
psychoeducation during this period (due to ongoing high levels of distress and ongoing
cognitive problems, Sawyer et al. 2020) they were given an ad-hoc information leaflet to read
this information in their own time, before and after  discharge,

(https://www.suddencardiacarrestuk.org/shop/sudden-cardiac-arrest-uk-leaflet/), a link to an

online resources group created by our team (http://www.lifeaftercardiacarrest.com), and a

telephone call one week after discharge by a specialist nurse part of our team to provide the

opportunity to discuss any serious concerns.

There were however some limits in this study. The lack of a register to quickly identify
OHCA survivors, the fast-paced nature of hospital discharges and the limited extent of
funded research time meant that some patients were discharged before they could be seen on

the ward. In addition, 26 of the 33 patients we contacted after discharge did not respond to


https://www.suddencardiacarrestuk.org/shop/sudden-cardiac-arrest-uk-leaflet/
http://www.lifeaftercardiacarrest.com/

our phone calls/letters (22) or declined the assessment (4). We tried to mitigate this lack of
data by calculating a CPC score for every OHCA survivor based on discharge report and
progress notes and investigating possible differences between the group of patients. We
found that patients not assessed in this study had a shorter length of stay in hospital, but did
not differ in age, time to ROSC or CPC score at discharge from hospital from the patients we

assessed, suggesting the two groups may be comparable.

Another limitation of our study is the test battery we used to investigate cognitive status. The
decision to adopt this battery rather than the MoCA, as recommended by ERC guidelines for
follow-up assessment, was guided by the observation that the MoCA does not assess
processing speed, which is an area often affected after OHCA (Steinbush et al 2017; Jaszke-
Psonka et al., 2016). In addition, a flawless performance on the MoCA in other acute
neurological conditions can often be associated with impaired cognitive performance on more
in-depth neuropsychological assessment (Chan et al, 2014). Future studies could be aimed at
validating a short cognitive battery focused on the domains most commonly affected after an
OHCA and compare its performance against the MoCA; in addition, longitudinal studies
focusing on pre-discharge cognitive assessment and mid/long term follow up (between 3 and
12 months) are also warranted in our opinion to better understand early predictors of
persisting cognitive deficits (as in Steinbush et al 2017). In our study, every patient was
offered a more detailed neuropsychological assessment at 3-months post-discharge to
investigate their cognitive profile, however only 13 patients completed it and this data is not

included in this paper.

As this study was aimed at investigating a very wide range of possible cognitive outcomes,
different assessments had to be conducted where necessary. Patients with very severe
cognitive impairment who were unable to respond to verbal commands or in a disorder of
consciousness state were assessed with observational scales; the remaining patients were all
candidates for the full battery, however for three patients a clinical decision was made to
administer the MoCA as they were frail, very fatigable and displayed significant memory
deficits on the ward. Although this approach limits the ability to directly compare
performance within the group, we believe that the criteria we proposed to evaluate severity of
early cognitive outcome allow for a meaningful grading of severity of cognitive impairment.

It also shows good agreement with the independently calculated CPC scores.


https://doi.org/10.1016/j.jns.2014.05.005

Another limitation of this study is the lack of a control group. OHCA survivors share risk
factors both with patients suffering myocardial infarction (MI) only (e.g. coronary artery
disease), and with patients receiving critical care for other reasons (sedation, hypoxia,
hypoxaemia, etc.). Although recent studies have suggested that OHCA survivors experience
specific and additional cognitive deficits compared to MI survivors (Lilja et al., 2015),
investigations are needed as to whether they differ from those of patients admitted to ICU

following other critical-care related complications.
Conclusions

The results of this study suggest that cognitive deficits in the early stages of surviving an
OHCA are very common, with the domains of memory, verbal fluency and processing
speed/cognitive flexibility more significantly impaired, in line with the evidence currently

available in the literature.

In this study age and time to ROSC did not predict cognitive outcome; relying on these
variables alone to choose who should undergo cognitive testing could therefore risk missing
survivors with more subtle cognitive impairment., We provide novel evidence that a short
battery aimed at assessing memory, cognitive flexibility and processing speed is well
tolerated by a majority of OHCA survivors able to engage in formal testing, and can identify
cognitive deficits in patients with a good neurological outcome who might however benefit

from cognitive rehabilitation or other care options after discharge.
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