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ABSTRACT

Objective: To describe the scope and nature of research examining nurse-performed neurological assessments in
adult intensive care unit (ICU) settings and identify gaps for prioritisation in future research.

Design & Registration: Scoping review conducted according to a prospectively registered protocol.

Methods: Systematic searches of CINAHL, MEDLINE and PsycINFO were conducted in June 2025. Studies pub-
lished from 2014 were eligible if focusing on nursing neurological assessments in adult ICUs. Independent
screening and selection were undertaken by at least two reviewers. Data extraction using a customised form was
duplicated for 20% of studies. An inductive content analysis approach was used to identify predominant research
themes.

Results: Thirty-one studies were included, with the majority involving only patients with neurological conditions.
Four research themes were identified: assessment of consciousness, pupil inspection, electroencephalography
(EEG) monitoring, and clinical utility of hourly neurological assessments (neurochecks). Each theme was char-
acterised by substantial clinical and methodological heterogeneity, limiting meaningful synthesis of study
findings. Nevertheless, several broader findings emerged, each representing priority areas for future research.
First, the reliability and validity of ICU nurses’ assessment of consciousness and pupils remain uncertain. Second,
nurse-led EEG monitoring appears technically feasible in expediting electrographic seizure detection and opti-
mising therapeutic burst suppression. Finally, the clinical utility of sustained hourly neurochecks appears
limited, given low diagnostic yield and potential risks.

Conclusions: Evidence regarding nurse-performed neurological assessment in ICU settings is low in volume,
methodologically heterogeneous, and concentrated within neurocritical populations. This evidence lacks the
coherence and empirical maturity required to substantiate the reliability, validity, and clinical significance of
current practices. Progress in this field requires rigorous research to address the identified priority areas.
Implications for clinical practice: Without robust evidence, nursing neurological assessment practices remain
convention-driven rather than outcome-oriented. Uncertainty surrounding the reliability and validity of
neurological assessment practices raises questions regarding their utility in informing safe, high-quality care for
critically ill adults in ICU settings.

Introduction

[1,6,7]. The recognition, monitoring, and management of these condi-
tions are guided by neurological assessments or examinations [2,8],

Neurological dysfunction remains a common manifestation of crit-
ical illness [1,2]. While primary neurocritical conditions represent
15-30% of intensive care unit (ICU) admissions internationally [3-5],
life-threatening neurological complications, including stroke, seizures,
and encephalopathies, occur frequently amongst critically ill adults

most of which are performed by ICU nurses [9,10]. Accordingly, regular
neurological assessments remain a cornerstone of surveillance in ICU
settings [1,2,8,11], and a core responsibility of ICU nurses, irrespective
of subspecialty or primary diagnosis [9,10].

Neurological assessment in the ICU is operationalised in two distinct
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ways: first, as a surveillance-oriented practice, it evaluates the func-
tional integrity of the nervous system for diagnostic and prognostic
significance, with the aim of detecting acute neurological change or
deterioration [2]. Second, as a management-oriented practice, it in-
volves monitoring that directly guides management strategies to address
symptoms and reduce complications due to pain, agitation/sedation,
delirium, immobility and sleep optimisation (PADIS) [2,12]. Both
operationalisations are essential in optimising patient safety and
improving clinical outcomes, and while they often intersect in practice,
their underlying clinical purposes differ. To maintain conceptual clarity
and coherence, this review is grounded in the surveillance-oriented
conceptualisation of neurological assessment outlined above.

Within the multidisciplinary ICU context, surveillance is most closely
aligned with the nursing role due to their continuous bedside presence
[13,14]. This sustained proximity enables the ongoing acquisition,
interpretation, and synthesis of patient data that characterises nursing
surveillance [13,14]. Neurological assessment therefore constitutes a
focused application of this broader surveillance process, concerned
specifically with recognising and responding to changes in neurological
function. A conventional neurological assessment typically evaluates
consciousness, cognition, cranial nerves, motor function, and sensory
perception [15]. Notably, comprehensive assessment of higher cortical
and sensorimotor functions require active patient participation [8,15],
which is often limited in critically ill patients due to impaired con-
sciousness or medical instability [2,8]. Moreover, conventional neuro-
logical assessments are invariably confounded by patient factors
ubiquitous in ICU settings, including intubation, sedation, and physio-
logical extremis [2,8,11]. Therefore, neurological assessment of criti-
cally ill adults demands advanced clinical judgement and represents one
of the most challenging responsibilities of ICU clinicians [8].

These challenges contribute to substantial conceptual and opera-
tional ambiguity, as there is no consistent understanding of what nurse-
performed neurological assessment should involve in ICU settings.
While the 2014 European Society of Intensive Care Medicine expert
consensus report [2] provides a robust, generalisable framework for
neurological examination in both general and neuroscience ICUs, these
recommendations do not provide nursing-specific operational detail and
are based on now dated evidence. Current evidence relevant to nursing
neurological assessment in ICU settings appears dispersed across various
research foci, methodologies, and clinical contexts, often embedded
within broader studies not specific to nursing practice or ICU settings.
The fragmented nature of existing evidence has likely precluded the
development of evidence-based ICU nursing-specific guidance.
Furthermore, the validity and clinical utility of both conventional and
emerging assessment techniques remain unclear in the context of ICU
nursing practice.

Given the conceptual breadth and heterogeneous nature of relevant
literature, a rigorous scoping review is needed to systematically map the
available evidence and summarise current knowledge regarding this
core nursing responsibility. Such mapping is needed to provide early
insights into the feasibility of developing nursing—specific guidance, and
to identify research priorities that must be addressed to ensure current
practice is evidence-based. Accordingly, the aim of this scoping review
was to describe the scope and nature of published research that explic-
itly examines neurological assessment when performed by nurses across
adult ICU settings and identify knowledge gaps for prioritisation in
future research.

Methods

An a priori protocol was developed in alignment with internationally
recognised guidelines for scoping reviews [16-20] and registered on the
Open Science Framework (https://doi.org/10.17605/0SF.I0/JFCNG).
This review is reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping Reviews
[21].
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Selection criteria

In alignment with the exploratory purpose of scoping reviews, in-
clusion criteria were deliberately expansive across assessment domains,
ICU populations, and methodological approaches. Publications were
eligible for inclusion if they explored neurological assessments that were
performed by nurses in an adult ICU setting, either broadly or with a
focus on specific components (e.g., assessment of consciousness, cranial
nerve function, or motor responses); as shown in the full selection
criteria in Table 1. Importantly, studies must have reported ICU nurse-
specific results separately from results from other clinicians or set-
tings. Any study meeting this expansive inclusion criteria and no
exclusion criteria, were included for review. As aforementioned, the
surveillance-oriented operationalisation of neurological assessment was
the focus of this review; therefore, studies focusing exclusively on
management-oriented domains such as pain, agitation, sedation,
immobility or delirium were excluded. These domains are con-
ceptualised together within dedicated clinical frameworks and guide-
lines distinct from surveillance-oriented examination practices
[12,22-24], and fall outside the conceptual scope of this review. Grey
literature would not address the review aims and was not sought.

Search strategy and source selection

A systematic search of CINAHL, Medline Complete, and PsycINFO
was conducted in June 2025 (Supplementary Table 1). Given the
breadth of the topic, search strategies were developed to maximise
specificity without compromising sensitivity and were reviewed by
specialist librarians. The search was limited to studies published from
January 2014 to ensure relevance to contemporary practice and

Table 1
Selection Criteria and Population Concept and Context Concepts.
Domain Inclusion Exclusion
Participants ~ Nurses caring for critically ill e Non-nurse clinicians/
adults assessors.

e Mixed assessor/clinician
groups: nurse-specific find-
ings not reported separately.

Concept Neurological assessment — Studies exclusively reporting
relevant practices, processes, practices related to assessment
antecedents or implications, of:
including:

e Techniques or tools used & e Delirium or cognitive
respective measurement impairment
properties e Pain

e Knowledge, confidence & e Sedation
competence e Agitation

e Timing, clinical utility/ e ICU-acquired muscle
significance weakness or immobility

for either neurological e Sleep optimisation

assessment broadly, or any of the

core domains, including but not

limited to:

e Consciousness

e Brainstem and cranial nerve
functions

e Motor responses or movement

Context Any adult intensive care unit e Non-ICU settings

e Paediatric or neonatal
patients.

e Mixed settings: ICU-specific
findings not reported
separately

Sources Peer-reviewed original research, e Non-peer reviewed or non-

and:

o Full text available in English

e Published from January 2014
onwards.

English reports

Conference proceedings/
abstracts

Editorials, commentaries or
opinion pieces

Grey literature
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concluded following reference list screening and citation searches in
Scopus. Results were exported to EndNote, where retracted articles were
detected and removed, then imported to Covidence for de-duplication,
screening, and selection.

Title/abstract screening and full-text review were conducted by at
least two reviewers independently. Papers clearly meeting exclusion
criteria were removed during title and abstract screening. Remaining
papers proceeded to full-text review for comparison against the full se-
lection criteria. Meetings amongst the review team were held regularly
to resolve any disagreements. Corresponding authors were contacted
when clarification was required to determine eligibility.

Data extraction, analysis and reporting

Data were extracted from each paper using a customised form, with
duplicate independent extraction conducted for 20% of studies to ensure
consistency [20]. The primary reviewer (JES) extracted data for
remaining papers, including citation details, ICU setting and population,
aims, methods, and key findings [19,20]. Critical appraisal was not
performed, as it is not routinely indicated for scoping reviews and would
not address review aims [16-20].

Extracted data were analysed using an inductive content analysis
approach to categorise studies by primary empirical focus [25,26].
Identification of specific research foci from each study’s aims and
outcome measures were used to generate subthemes, which were syn-
thesised into overarching themes to facilitate comparisons across studies
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and provide a framework for reporting [26]. Characteristics and key
findings of each included study are summarised in a Summary of Find-
ings table, while the overall direction of findings for each theme or sub-
theme are described in the accompanying narrative syntheses. Statistical
results were interpreted using established descriptive thresholds
[27-30]. For studies investigating multiple themes across mixed clini-
cian groups or settings, only nurse- and/or ICU-relevant data were
mapped to ensure alignment with review aims and selection criteria, and
to preserve coherence in reporting. Identified gaps in evidence and
recommendations for future research are summarised at the end of the
discussion.

Results

The search yielded 4,014 sources: after de-duplication, 3,091 were
screened, leaving 116 papers for full-text review. Thirty-one papers
[9,31-60] met selection criteria and were included, as shown in Fig. 1.
All 31 papers were reports of primary studies, for which study charac-
teristics are summarised in Table 2. Studies were predominantly quan-
titative with observational designs. Nearly half were conducted in the
United States (USA; n = 14, 45%), with limited representation from
other high-income countries. Sixteen studies (51.6%) were conducted in
neuroscience ICUs, followed by general ICUs (n = 11, 35.5%), and
mixed ICU sub-settings (n = 4, 12.9%). Of the 23 studies recruiting
patients, 19 (82.6%) included individuals with neurological conditions;
only one study focused exclusively on patients with non-neurological

Becordsicentified trom; Records removed before screening:
s Databases (n = 3,998): . 9:
= Duplicate records (n = 923)
8 SO (1 =) Duplicate records identified by Covidence
E= MEDLINE (n = 1,857) E (n = 899) 4
] FHSHINFG (uefl) Duplicate record_s manually (n = 24)
2 Citation searching (n = 16) P yin=
Records screened Records excluded
(n=3,091) (n=2,075)
Reports sought for retrieval Reports not retrieved
(n=116) (n=0)
()]
£
=
[
o
3 Reports echL_Jded (n =85):
Wrong setting (n = 21)
Wrong concept (n = 20)
Reports assessed for eligibility Wrong paper type (n = 20)
(n=116) Non-nursing population (n = 12)
Wrong patient population (n = 6)
No English full-text (n = 5)
Before date range (n = 1)

° 5 - -
-~ Studies included in review
2 (n=31)
£

Fig. 1. PRISMA Flow Diagram.
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Table 2

Study Characteristics.
Characteristic n (31) %
Design
Observational 27 87.1
Prospective 23 74.2
Retrospective 4 12.9
Quasi-experimental 3 9.7
Qualitative 1 3.2
Country
USA 14 45.2
Turkey 4 12.9
Iran 3 9.7
Australia 1 3.2
China 1 3.2
Denmark 1 3.2
Egypt 1 3.2
Ethiopia 1 3.2
Finland 1 3.2
France 1 3.2
Jordan 1 3.2
Korea 1 3.2
Taiwan 1 3.2
Year of Publication n Mean/year
Overall (2014-June 2025) 31 2.7
2014-2016 9 3.0
2017-2019 8 2.7
2020-2022 11 3.7
2023-June 2025 3 1.2

conditions. Studies involving only nurse-participants (n = 9, 22.6%)
predominantly addressed practice in neuroscience ICUs or in relation to
patients with neurological conditions (n = 7, 77.8%).

Four primary research themes were identified across included
studies: nurses’ assessment of consciousness (n = 13, 42%), assessment
of pupils (n = 6, 19%), monitoring of electroencephalography (EEG; n =
6, 19%), and the clinical utility of hourly neurological assessment (n = 5,
16%). Detailed summaries of each study are presented in Table 3. One
study [53] investigated more than one theme, and the foci of two studies
[9,42] (6%) did not directly align with the other identified themes. The
distribution of studies by theme and clinical context is shown in Fig. 2.

Research Theme 1: Nurse-Assessed Level of Consciousness in ICU Settings

Studies exploring ICU nurses’ assessment of consciousness using the
Glasgow Coma Scale (GCS) or Full Outline of UnResponsiveness (FOUR)
score formed the largest research theme. This theme comprised 13
studies [31,32,38,41,43,46,50-55,57] across two subthemes: the psy-
chometric performance of consciousness assessment tools when used by
ICU nurses, and ICU nurses’ knowledge of the GCS.

Subtheme 1: The Psychometric Performance of Nurse-Assessed Level of
Consciousness Tools in ICU Settings

Nine single-centre studies, predominantly from low- and middle-
income countries (LMICs; n = 6, 66.7%), investigated psychometric
properties of nurse-assessed GCS and/or FOUR score. While most studies
were conducted in general ICUs (n = 6; 66.7%), only one study [54]
included patients with non-neurological conditions. Notably, all eight
studies investigating reliability or predictive validity involved only pa-
tients with acute brain injury [43,46,50-53,55,57]. Most studies
excluded sedated or ‘heavily’ sedated patients (n = 4 [50,54,55,57];n =
3 [43,46,51], respectively). Assessor numbers were small, with seven
studies (77.8%) observing five nurses or fewer. Nurse-assessors received
instruction on GCS and FOUR score assessment immediately before data
collection in six studies [43,50,53-55,57]. Only one study [46] evalu-
ated the interrater reliability (IRR) of the GCS without providing prior
instruction.

Six studies compared psychometric performance for both GCS and
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FOUR score assessed by nurses in adults with acute brain injury: four
studies [43,51,53,57] evaluated predictive validity, and two [50,55]
compared IRR. The remaining relevant studies include one study [54]
comparing cross-tool agreement between both tools in a general ICU
cohort; one study [52] evaluating the predictive validity, convergent
validity and reliability of the FOUR score in patients with aneurysmal
subarachnoid haemorrhage (SAH); and one [46] assessing the IRR of the
GCS in patients with altered consciousness.

Regarding predictive validity, three studies [43,51,57] compared the
accuracy of nurse-assessed GCS and FOUR score in predicting mortality
in patients with traumatic brain injury (TBI). Two prospective studies
from Iran [43,57] assessed hospital mortality in cohorts with mixed
consciousness distributions, while a retrospective study from Taiwan
[51] examined ICU mortality predictions in a predominantly alert
cohort. These studies found both tools had adequate-to-outstanding
predictive accuracy, though the FOUR score demonstrated higher
overall accuracy and specificity. Another study [53] found low FOUR
scores, but not lowest GCS (GCS 3), consistently predicted poor func-
tional outcome at 6 months for patients with acute brain injury. This
study also found patients with GCS 3 achieved FOUR scores of 4 to 5 due
to preserved cranial nerve functions. Overall, the FOUR score demon-
strated superior predictive performance and responsiveness in cohorts
with moderate-to-severe impairments, while advantages over the GCS
were less apparent in more alert cohorts.

The IRR of the GCS and FOUR score were assessed for a pair of nurse-
assessors in two studies [50,55], both reporting high IRR, with slightly
higher estimates for the FOUR score. Each included intubated but non-
sedated patients and used pseudoscoring for the GCS verbal compo-
nent. In contrast, another study [46] reported estimates indicative of
inadequate IRR for the GCS when assessing a general ICU cohort with
impaired consciousness. A separate study [52] of patients with aneu-
rysmal SAH reported outstanding-to-perfect IRR for the FOUR score
between two nurse-assessors alongside excellent internal consistency,
and high correlations between FOUR scores and SAH severity scales.
Finally, one study [54] of nurses’ perceptions of the GCS and FOUR
score’s utility in a general ICU cohort found nurses preferred the FOUR
score (48%) over the GCS (41%), despite low familiarity.

Subtheme 2: Nurses” Knowledge of the Glasgow Coma Scale in ICU
Settings

Four studies explored ICU nurses’ knowledge of the GCS
[31,32,38,41], including two cross-sectional studies [32,41] and two
pre-post studies [31,38]. Surveys were used in the pre-post studies to
evaluate the efficacy of an educational intervention in improving nurses’
knowledge of GCS assessment. The observational studies and a pre-post
study from neighbouring LMICs found nurses’ GCS knowledge was
inadequate, with mean or pre-test scores consistently below 55%
[31,32,41]. Both pre-post studies [31,38] found didactic and case-based
education significantly improved GCS knowledge; one study [31]
assessed knowledge retention at 2 months, with gains remaining sig-
nificant from pre-test scores.

Research Theme 2: Nurses’ Assessment of Pupils in ICU Settings

Research within this theme investigated the accuracy of nurses’ as-
sessments of pupils in ICU settings, predominantly in comparison to
pupillometer measurements, and nurses’ perceptions of pupillometry.
Six studies [34,36,40,47,53,58] investigated nurses’ assessment of pu-
pils, with five [34,36,40,53,58] investigating pupillometer use in
neuroscience ICUs. Three studies [36,53,58] compared nurses’ visual
inspections of pupils with pupillometer measurements, finding nurses’
assessments slightly underestimated pupil size. Two such studies re-
ported negative mean bias from Bland-Altman analyses (-0.2 mm [58]
to -0.4 mm [36]), although limits of agreement were wide. A third study
[53] reported a median absolute difference of 0.4 mm, with plots
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Table 3

Summary of Findings.
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Research Theme 1: Nurses’ Assessment of Level of Consciousness in ICU Settings (n = 13)

Subtheme 1: Psychometric Performance of Consci A Tools (n=9)
Study ID Design Aims Sample Measures & Procedures Key Results/Findings
Country & Setting Analytic Focus Characteristics
(if applicable)

Jalali, 2014
Iran
Single-site:

Gen/Mix ICU

Prospective Cohort:
Psychometric

- Predictive Validity

To determine the predictive
accuracy of nurse-assessed GCS
& FOUR score in patients with
TBI.

Nurses: n = 3

Patients: n = 104
with TBL

Excluded if “heavily”
sedated

- 35% were “alert”

- 36.5% died

Nurses were reinstructed in use of
GCS & FOUR prior to study
period.

Index measure/s:
Day 0 GCS & FOUR

Outcome measure/s:
Hospital mortality

GCS (cut off 5):
Se 68.4%, Sp 63.60%,
Acc. 64.5%, Younden's J 32%

FOUR Score (cut off 6):
Se 68.4%, Sp 77.30%,
Acc. 74%, Youden's J 46%

Sepahvand, 2016

Iran

Prospective Cohort:
Psychometric

To determine the predictive
accuracy of nurse-assessed GCS
& FOUR score in patients with

Nurses:n =3

Patients: n = 198

Nurses were provided with
instructional handout regarding
GCS & FOUR assessment prior to

GCS (cut off 5):
AUROC 0.928
Se 85%, Sp 83%

- Predictive Validity TBIL with TBIL study period.
Single-site: Excluded if sedated FOUR Score (cut off 6):
-Mean GCS 8.6 Index measure/s: AUROC 0.961
Gen/Mix ICU - Mean FOUR 9.4; Day 1 GCS & FOUR Se 76%, Sp 90%
mode 16
- 34.9% died Outcome measure/s:
Hospital mortality
Nyam, 2017 Retrospective To determine the predictive Nurses: n =3 Assesor preparation n.r. GCS:
Cohort: accuracy of nurse-assessed GCS AUROC 0.747
Taiwan Psychometric & FOUR score in patients with Patients: n = 55 with  Index measure/s: Se/Sp n.r.

Single-site:

NScICU

- Predictive Validity

TBL

TBI.

Excluded if SAS <2.
- Median GCS 10

- 35% FOUR = 16;
56% FOUR >13

- 14.6% died

Day 0 GCS & FOUR

Outcome measure/s:
ICU mortality

FOUR Score (cut off 5):
AUROC 0.745
Se 62.5%, Sp 89.4%

Olsen, 2020
Denmark

Single-site:

Prospective Cohort:
Psychometric

- Predictive Validity
- Responsiveness

To determine if the FOUR score
could provide more clincially
meaningful assessments for
patients with lower GCS.

Nurses: n = 5

Patients: n = 56 with
acute brain injury*

- Median GCS 6;
Median FOUR 7

Nurses received instruction on
use of FOUR score prior to study
period. GCS training not
reported.

Index measure/s:

GCS:
n = 13 (36%) patients with GCS
3 had favourable outcome.

FOUR:
No patients with FOUR score <3

NScICU - 66.1% Day 0 GCS & FOUR had favourable outcome.
unfavourable Patients with GCS 3 had FOUR
outcome Outcome measure/s: scores between 0-6, with most

6m GOSE achieving FOUR scores between
(GOSE >4 = favourable 4-5 due to preserved brainstem
outcome) function.
Oh, 2019 Prospective Cohort: To evaluate the construct Nurses: n = 2 Index measure/s: Predictive Validity:
Psychometric validity and reliability of the Day 0 four Odds of favourable outcome for
Korea FOUR score in patients with Patients: n = 72 with every 1-point increase in FOUR
- Predictive Validity =~ spontaneous aSAH. aSAH. Convergent comparators: score: OR 1.64 95% CI 1.07-2.51
Single-site: - Convergent - 27.8% with midline =~ Day O Hunt-Hess & Fisher CT
Validity shift scores Convergent Validity:
Gen/Mix ICU - Interrater FOUR had strong, significant
Reliability Outcome measure/s: correlations for both CT severity
- Internal 1m post aSAH event GOS scores:
Consistency (GOS <3 unfavourable) Hunt-Hess r —0.71 (p <0.001)

Patients were assessed by 1 nurse
for all outomes except IRR, for
which 2 nurses assessed a
subgroup of 10 patients. Specific
assessment procedures n.r.

Fisher CT r —0.64 (p <0.001)

IR Reliability (ICC values):
FOUR sum 0.99; E 0.94; M 1.00;
B 1.00; R 1.00

Internal Consistency
Cronbach o 0.93

Peng, 2015
China
Single-site:

NScICU

Prospective Cohort:
Psychometric

- Interrater
Reliability

To evaluate the psychometric
performnce of the Mandarin
translation of the FOUR score
compared to the GCS in
neurosurgical ICU patients.

Nurses: n = 2

Patients: n = 120
with acute brain
injury

Excluded if sedated
- 50.8% alert or
drowsy

Assessors watched a video
regarding FOUR score
assessment, received a handout
covering assessment of both
FOUR score & GCS, then given
the opportunity to practice
assessment of both tools.

ICC values:
GCS sum 0.949
E 0.933; M 0.894; V 0.893

FOUR sum 0.973
E 0.928; M 0.968; B 0.919; R
0.955

(continued on next page)
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Table 3 (continued)

- 49.2% stuporous or  Both tools assessed within one

comatose
- 48% intubated

hour; unclear if randomised
order. Assessors were blinded to
the others findings.

Pseudoscoring of GCS-V?
Yes — GCS-V = 1 for intubated
patients

Momenyan, 2017

Iran
Single-site:

Gen/Mix ICU

Prospective Cohort:
Psychometric

- Interrater
Reliability

To evaluate the psychometric
performnce of the Persian
translation of the FOUR score
compared to the GCS in ICU
patients with TBL

Nurses: n = 2

Patients: n = 87
‘unconscious’ with
TBI.

Excluded if sedated
- 73% intubated

Instruction given to all assessors
regarding both GCS & FOUR
score,with an opportunity to
practice.

Both tools assessed within one
hour in randomised order.

Pseudoscoring of GCS-V?
Yes — GCS-V = 1 for intubated
patients

Kw values:
GCS sum 0.832
E 0.955; M 0.931; V 1.00

FOUR sum 0.866
E 1.00; M 0.932; B 0.894; R
0.952

Kebapci, 2020
Turkey
Single-site:

Gen/Mix ICU

Prospective Cohort:
Psychometric

- Interrater
Reliability

To evaluate the IRR of the GCS
when assessed by nurse-nurse-
researcher pairs.

Nurses: n =21 + 2
nurse-researchers

Patients: n = 202
with neurological
illness.

Excluded if RASS
<-4

- 68% intubated

Nurses had no prior instruction
but had access to scoring cards.
Each patients primary nurse
assessed each patient using GCS
followed by each of the 2
researchers, all were blinded to
the others’ findings.

Pseudoscoring of GCS-V?
No — GCS-V =T for intubated
patients

Kripp.a values (RN-Researcher
1/RN-Researcher 2):

GCS Sum 0.419/0.490

E 0.641/0.629

M 0.649/0.666

V 0.552/0.569

Ozgelik, 2021
Turkey
Single-site:

Gen/Mix ICU

Prospective Cohort:
Psychometric

- Convergent Validity
- Face Validity

This study reported aims to
assess IRR for nurse-assessed
GCS and FOUR scores, however,
only cross-tool agreement
estimates were reported. Nurses
percptions of both tools' utility
were also assessed.

Nurses: n = 27

Patients: n = 92 with

any diagnosis
Excluded if sedated
- 44.6% intubated

Nurses received instruction on
GCS & FOUR assessment prior th
the study period. Nurses then
assessed GCS & FOUR in blinded
pairs, although agreement
between-raters (i.e.IRR) is not
reported. Instead, two separate
contingency tables presenting
cross-tool agreement between
dichotomised GCS & FOUR are
provided, one for nurses
performing the first assessment
and one for those performing the
second.

Nurses completed a survey to
ascertain their perceptions of the
utility of both tools.

K values taken from contingency
tables presenting tool-tool
agreement (not rater-rater
agreement/IRR):

Nurses performing 1st
assessment: 0.935

Nurses performing 2nd
assessment: 0.927

n = 25 nurses (93%) had no prior
knowledge of the FOUR score
74% stated FOUR was easy to
use.

48% preferred the FOUR score
41% preferred the GCS

Subtheme 2: Knowledge of the Glasgow Coma Scale (n = 4)

Study ID Design Aims Sample Measures & Procedures Key Results/Findings
Country & Setting Analytic Focus Characteristics
(if applicable)
Ahamed, 2017 Quasiexperimental To investigate efficacy of an Nurses: n = 37 Nurses completed GCS Improvement in GCS knowledge
educational program on nurses' knowledge questionnaire & & practical competency across
Egypt knowledge of GCS assessment. independent practical all domains post-education (p <
assessments pre/post 0.001). This was sustained at 2-
Single-site: 60-min didactic educational month follow-up (p < 0.05).
session; reassessed immediately
NScICU & at 2 months to evaluate Decline in knowledge regarding
knowledge retention. indications & importance of GCS
assessment between post-test
and follow-up (p = 0.04).
Enriquez, 2019 Quasiexperimental To investigate efficacy of an Nurses: n = 20 Nurses completed baseline GCS Overall knowledge did not

USA
Single-site:

NScICU

educational program on nurses'
knowledge of GCS assessment.

knowledge/application survey
using clinical scenarios; attended
90-min didactic + case-based
education session; 16 nurses
completed identical post-survey
within 5 months.

improve (p = 0.19).

General GCS knowledge
improved (p = 0.016).

No improvement in knowledge
of specific GCS components or
sum scores.

(continued on next page)
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Al-Quraan, 2016
Jordan
Multi-site: 4

Gen/Mix ICU;
NScICU

Prospective:
Cross-sectional

To assess nurses' knowledge of
the GCS & associations between
knowledge & nurse or hospital
characteristics.

Nurses: n = 85

Nurses from ICU, NScICU, and
high acuity wards completed
questionnaire assessing
theoretical & practical (scenario-
based) knowledge of GCS
assessment.

Mean test scores (max score 15)
Overall: 7.38 + 1.96

ICU nurses achievied higher
scores than ED nurses ((7.56 +
1.99 vs 6.67 + 2.17, p < 0.05)

No associations with experience,
education, or prior training were
found.

Andualem, 2022
Ethiopia
Multi-site: 4

Gen/Mix ICU

Prospective:
Cross-sectional

To assess nurses' knowledge of
the GCS & associations between
knowledge & nurse or hospital
characteristics.

Nurses: n = 121

Nurses from four ICUs completed
questionnaire assessed
theoretical and practical
(scenario-based) knowledge of
GCS assessment.

% accurate answers:

GCS assessment knowledge:
51.2%

GCS assessmnet practice: 62%

Male sex and master’s-level
education were associated with
higher knowledge (AOR = 4.13;
95% CI: 1.87-9.10; AOR = 7.40;
95% CI: 1.40-38.0,
respectively).

Research Theme 2: Nurses' Assessment of Pupils in ICU Settings (n = 6)

Study ID
Country & Setting

Design
Analytic Focus
(if applicable)

Aims

Sample
Characteristics

Measures & Procedures

Key Results/Findings

Couret, 2016

France (Mainland &
Réunion)

Multi-site: 2

NScICU

Prospective Cohort:

Diagnostic
Accuracy

To evaluate the accuracy of
nurses’ visual inspections of
pupil size, reactivity &
symmetry compared to
pupillometer measurements.

Nurses: n = 10

Patients: n = 59 with
acute brain injury
(406 individual pupil
assessments)

- 42% ICH/SAH &
22% TBI

- 76.3% intubated

- 54.2% receiving
opioid infusion

The patients’ primary nurse
visually inspected pupils. After 5
min intermission, a blinded
physician assessed pupils with a
pupillometer.

Anisocoria defined as >1mm
difference.
PLR defined as >15%.

Pupil Size: Mean bias (LoA)
—0.36mm (-2.11 to 1.39mm)
AUROC 0.75 (0.70-0.79)

r =0.75 (0.71-0.79; p = 0.001)

Reactivity:

82% agreement

n = 41 (18.4%) false negatives
(nurses missed absent PLR)

Symmetry/Anisocoria:
50% agreement (15/30 missed)

Smith, 2020
Australia
Single-site:

NScICU

Prospective Cohort:

Diagnostic
Accuracy

To evaluate the accuracy of
nurses’ visual inspections of
pupil size & reactivity compared
to pupillometer measurements.

Nurses: not reported

Patients: n = 22 with
neurological illness
(935 individual pupil
assessments)

- 81.8% with SAH,
SDH or ICH

- 81.8% sedated
(propofol: 81.8%;
opioids: 77.2%;
thiopentone: 9.1%)

Bedside nurses recorded visual
inspection of pupils. Senior
nurses not directly involved with
patient assessed pupils with
pupillometer.

Reactivity measured as per NPi
proprietary algorithm.

Pupil Size: Mean bias (LoA)
-0.15mm (-1.60 to 1.29mm)

Reactivity:

97.7% agreement

K = 0.84 (0.79-0.90)

n =11 (1.1%) false negative
(nurses missed areactivity)

Olsen, 2020

Prospective Cohort:

To evaluate the accuracy of

Nurses: n = 5

Nurses received instruction

Pupil Size:

Diagnostic nurses’ visual inspections of regarding both inspection of Median absolute difference =
Denmark Accuracy pupil size & reactivity compared  Patients: n = 56 with  pupils manually & use of 0.4mm
to pupillometer measurements. acute brain injury pupillometer, then practiced both ~ (IQR 0.2-0.7; range 0-3.4; p =
Single-site: (468 individual pupil ~ techniques under supervision 0.006)
assessments) prior to study period.
NScICU - 32% aSAH Reactivity:
- 27% ICH Pupils were first assessed 92.3% agreement
- 25% TBI manually by a nurse, the same n =7 (1.5%) false negative
nurse then performed an (nurses missed areactivity)
assessment with a pupillometer.
Patients were assessed a median
of 5 times.
Anderson, 2018 Prospective: To evaluate whether automated ~ Nurses: n = 22 Surveys evaluating nurses’ Knowledge regarding
Longitudinal pupillometry could be knowledge of pupillometer use, pupilometer use and

USA
Single-site:

NScICU

effectively integrated into the
existing nursing workflow and
assess nurses’ knowledge,
knowledge retention and
satisfaction regarding
pupillometer use.

interpretation of findings and
nurses’ satisfaction were
administered 4 times at 3-month
intervals following
implementation of pupillometers.
Satisfaction was rated on a 10-
point scale.

interpretation/reporting of
findings remained high over the
study period.

Nurses’ preference for the
pupilometer increased over the
study period (mean rating 4.6
increased to 5.8 on 10-point
scale; p = 0.02).

(continued on next page)
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Giarmino, 2022
USA
Single-site:

NScICU

Qualitative: Focus
Groups

To explore nurses’ experiences
with pupillometers and their
perspectives on the clinical
utility of these devices for
neurological assessments.

Nurses:n =9

3 focus groups were conducted
with open-ended questions.
Discussions were transcribed,
data analysis methods n.r. Online
survey used to collect self-
reported comfort levels regarding
use of pupillometer (5-point
Likert scale).

Mean comfort rating of 3.78 out
of 5.

44% felt extremely comfortable
with using pupillometer; 22%
felt extremely uncomfortable.

Five key themes emerged from
the discussions: clinical
assessment, provider
notification, interventions,
benefits, and frustrations.

Kebapaci & Topcu,
2020

Turkey
Single-site:

Gen/Mix ICU

Prospective Cohort:
Psychometric

- Interrater
Reliability

To evaluate the IRR of visual
inspections of pupil size,
reactivity and anisocoria when
assessed in nurse-nurse-
researcher pairs.

Nurses: n = 20 + 2
nurse-researchers

Patients: n = 200
with neurological
illness

Excluded if RASS
<-4

- 62% intubated

Assessments of pupil size,
symmetry and reactivity were
performed independently and in
a blinded fashion first by an ICU
nurse, then immediately by the
two nurse-researchers.

IRR amongst all 3 observers (1
nurse & 2 nurse-researchers):

Pupil size (ICC values):
Right 0.70; 0.75
Pupils >4mm

Right 0.52; Left 0.65

Symmetry: K = 0.58
Reactivity: K = 0.89

Research Theme 3: Nurse-led Monitoring of Electroencephalography in ICU Settings (n = 6)

Study ID Design Aims Sample Measures & Procedures Key Results/Findings
Country & Setting Analytic Focus Characteristics
(if applicable)
Dericoglu, 2014 Prospective: To evaluate non-expert Nurses: n = 2 Post hoc transformation of Overall AUROC for seizure
Diagnostic clinicians' ability to detect NCS (+ 2 non-expert purposively sampled cEEG data detection:
Turkey Accuracy on qEEG. physicians) from medical records into qEEG Nurses: 0.949

Single-site:

NScICU

- NCS detection with
qEEG

Patients: n = 20

10 with NCS + 10
without NCS

615 h of QEEG data
incl. 289 h from NCS
group containing
700 seizures

displays (aEEG, DSA)

All assessors received 5-6h of
didactic & individual training.
qEEG displays were then
provided to assessors in a
randomised order. Assessors
marked the timepoints where
NCS events were observed.
Sweep controlled by assessor.

Reference measure: NPhys-
assessed cEEG.

Physicians: 0.926

Nurse 1: Se 92%, Sp 89%,
AUROC 0.91

Nurse 2: Se 99%, Sp 90%,
AUROC 0.95

Physician 1: Se 88%, Sp 91%,
AUROC 0.90

Physician 2: Se 92%, Sp 95%,
AUROC 0.94

Swisher, 2015
USA
Single-site:

NScICU;

CVICU;
Gen/Mix ICU

Prospective:
Diagnostic
Accuracy

- NCS detection with
qEEG

To evaluate ICU nurses ability to
detect NCS on qEEG compared
to EEG techs and Nphys

Nurses:n =5
(+ 7 EEG techs & 5
NPhys)

Patients: n = 45

30 with NCS + 15
without NCS

4 qEEG displays per
patient = 180 panels
105 panels (58.3%)
contained >1 NCS.

Post hoc transformation of of
purposively sampled cEEG data
from medical records into qEEG
displays of 1h epochs (aEEG,
CDSA, asymm.], rhythm.spect.)

All assessors received 15 mins of
didactic education. qEEG panels
were reviewed by assessors
(blinded to cEEG and clinical
data), who counted the number
of seizures present in each panel
& reported which qEEG display
type was most useful

Reference measure: NPhys-
assessed cEEG.

IRR (seizure detection):
Nurses: K 0.33

EEG tech: K 0.46
NPhys: K 0.48

Nurses: Se 87.1%, Sp 61.6%
EEG techs: Se 79.7%, Sp 79.8%
NPhys: Se 87.4%, Sp 61.1%

No significant differences in Se/
Sp between these groups.

Nurses and NPhys both found
the rhythm.spect. most useful for
NCS detection.

Amorim, 2017
USA
Multisite: 2

NScICU

Prospective:
Diagnostic
Accuracy

- NCS detection with
qEEG

To evaluate nurses' ability to
detect NCS on qEEG compared
to expert Nphys

Nurses: n = 33
(+ 4 Nphys)

Patients: n = 30

40 qEEG complex
panels chosen

NCS present in 50%
of qEEG panels

Post hoc transformation of of
purposively sampled high-
complexity cEEG data into qEEG
displays of 2h epochs (CDSA &
asymm.l.)

Nurses received 40 mins of
didactic education then reviewed
the 40 qEEG images and
indicated the presence &
frequency of NCS through a web-
based questionnaire.

IRR (seizure detection):
Nurses: AC1 0.43
NPhys: AC1 0.46

Nurses: Se 73.8%, Sp 37.6%,
Acc. 55.7%
False alarm rate 1 per 3.2 hours.

NPhys: Se 66.3%, Sp 68.8%, Acc.
67.5%
False alarm rate 1 per 6.4 hours.

(continued on next page)
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Reference measure: NPhys-
assessed cEEG.

Kang, 2019
USA
Single-site:

NScICU

Prospective:
Diagnostic
Accuracy

- NCS detection with
qEEG

To evaluate nurses’ ability to
detect NCS in real-time with
bedside qEEG.

Nurses: not reported

Patients: n = 20 with
prior NCS on cEEG.
70% had >1 NCS
NCS present in 27%
of the 174 hourly
blocks

Nurses received 15 min of
didactic education.

Bedside qEEG (aEEG, rhythm.
spect.) was then reviewed hourly
by primary nurse throughout
their shift. Nurses recorded NCS
frequency every hour.

Reference measure: NPhys-
assessed cEEG.

Se 85.1%, Sp 89.8%
False alarm rate 0.1/hour

Error rate of 11.5% (20 hourly
blocks with error), including 13
false positives and 7 false
negatives.

Kaleem, 2021
USA
Single-site:

NScICU

Prospective:
Diagnostic
Accuracy

- NCS detection with
qEEG

To evaluate nurses ability to
detect NCS in real-time with
bedside qEEG & determine
nurses' time to seizure detection.

Nurses: n = 65

Patients: n = 109
undergoing cEEG
Excluded if indicated
for HIE

723 qEEG panels
total

n = 8 patients (7%)
had NCS

Nurses received 10 min of
didactic education.

Bedside qEEG (aEEG, rhythm.
spect.) was then reviewed hourly
by primary nurse throughout
their shift. Nurses recorded NCS
frequency every hour.

Reference measure: NPhys-
assessed cEEG (“standard of care”
for comparisons of Tt NCS
detection).

Se 74%, Sp 92%
False alarm rate 0.08/hour

Mean time to seizure detection:
Nurses: 53 mins

Standard care (NPhys review):
185 mins

Seizure detection by nurses vs
standard care

HR = 6.96 (95%CI 1.31-36.9, p
=0.023).

Picinich, 2015
USA
Single-site:

NScICU

Quasiexperimental

— cEEG monitoring

To explore the feasibility of
nurse-led cEEG monitoring by
evaluating the efficiacy of an
educational intervention
designed to train nurses to
monitor cEEG, identify burst
supression, its duration, and
titrate sedation accordingly.

Nurses: n =9

A survey was developed to test
nurses' knowledge of cEEG
monitoring, common patterns
including artifact and burst
supression, and asked nurses'
level of comfort in monitoring
cEEG (10-point Likert scale).

25 nurses participated in the pre-
test (PTO) of which 9 underwent a
training program (involving 4 h
of didactic & practical education)
& answered all post-tests; one
immediately after the training
program (PT1), one 3m post
(PT3) & one 6m post (PT6).

MD in test scores (PT-1 — PT-0):
+21% (95% CI 12.4-29.7; p <
0.001).

Confidence levels increased from
5.7 (PTO) to 8.0 (PT1). MD of
+2.3 points (95% CI 1.13 to
3.51; p = 0.001).

No difference between post test
scores (PT1, PT3, &PT-6 all
88.6%; p = 1.00).

Research Theme 4: Clinical Utility of Nurse-Performed “Neurochecks” in ICU Settings (n = 5)

Study ID Design Aims Sample Measures & Procedures Key Results/Findings
Country & Setting Analytic Focus Cheracterisitics
(if applicable)
Stone, 2014 Retrospective To determine the duration of Patients: n = 124 Medical records of patients with n = 89 (72%) received Q1
Cohort hourly neurochecks in ICU with TBIL: TBI over a 6-month period were neurochecks from admission for
USA patients with TBI and evaluate - 50% Mild TBI reviewed. Patient characteristics, a mean duration of 67.7h (2.8

Single-site:

Gen/Mix ICU

associations between prolonged
hourly monitoring (> 4 days)
and clinical outcomes.

- 14.4% Mod TBI
- 35.5% Severe TBI

Mean (range):

LOS 10.8d (0-109d)
GCS 10.8 (median
12)

injury severity scores, and
outcome data were collected.
Duration of hourly neurochecks
were determined for each patient
from nursing documentation of
GCS.

Definition of “neurocheck”:
Not reported - “Sedation pause &
focused neurological exam”

days).

n = 18 (20.2%) patients
underwent Q1 neurochecks for
>4 days. These patients had
significantly longer hospital LOS
(23 vs 9d, p = 0.001).

For severe TBI cases, prolonged
monitoring (>4 days) associated
with longer LOS (26d vs 7d; P =
0.001), even when accounting
for surgical intervention (29d vs
7d; p = 0.002); injury & midline
shift severity comparable
between groups.

Maas, 2015
USA
Single-site:

NScICU

Prospective Cohort

To evaluate whether GCS-based
neurochecks detect early
neurological change after ICH &
examine associations with
functional outcomes.

Patients: n = 132
with ICH

Median (IQR):

ICH score 1 (0-3)
Initial GCS 14 (9-15)
A GCS initial 12h 0 (-
1-1)

Baseline GCS assessed by
neurologist/neurosurgeon on
ICU admission; nurses performed
hourly GCS-based neurochecks
for up to 5 days post-ICH event.

Definition of “neurocheck”:
Not reported — “GCS-based”

Rate of A GCS diminished
significantly every 3 hours in the
first 12 hours (all p <0.05).

No significant differences in rate
of A GCS after 12 hours.

Of the 92 (70%) patients who
had admission GCS available:

(continued on next page)
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n = 25 (27%) GCS worsened
n = 43 (47%) had no GCS change
n = 24 (26%) GCS improved

A GCS in the first 12 hours was
associated with 3m mRS: OR
0.81 (0.66-0.99)

LaBuzetta, 2022 Retrospective To evaluate practices and 9,513 Q1 Records of ICU admissions Median (IQR) neurocheck
Cohort patterns of hourly neurochecks neurocheck orders requiring Q1 neurochecks over durations:
USA along with associated clinical across 8,936 75-month period were reviewed Overall: 1.13d (0.71-2.46d),
outcomes. hospitalisations to evaluate ordering practices & max 81d
Single-service: patterns including order 74% orders lasted <3d, 19%
(n not reported) Admission diagnosis: duration, ordering service, and lasted >3d, & 7% lasted >7d
- 64% neuro illness discontinuation practices.
NScICU; - 36% non-neuro Longest duration for patients
CVICU; illness Definition of “neurocheck”: with SAH (4.68d, max 55d) &
Gen/Mix ICU - 24% unlisted GCS, attention, language, pupils, ICH (1.81d, max 22d); Lowest
diagnosis cough, facial symmetry, pronator  for patients with ‘other’ neuro
drift. illness (0.80d, max 38d).
Duration longest for orders by
non-neurolCU (7%; 1.60d, max
81d) and shortest for NSx (22%,
0.87d, max 65d)
Q1h neurocheck discontinuation
practices:
Transition to Q2-3h: 45%; all
neurochecks ceased: 23%
Median hospital LOS 4.3d
(2.3-9.6d).
Each additional day of Q1h
neurochecks increased LOS by
1.21d (p <0.001).
Fonseca, 2024 Retrospective To evaluate the association Patients: n = 522 Records of eligible patients were n = 386 (73.9%) non-prolonged
Cohort between Q1h neurocheck >55y with reviewed. Patients were grouped  neurochecks (<24 h)
USA duration & delirium mild-mod TBI depending on duration of Q1h n = 136 (26.1%) prolonged
development in older adults - 95% mild TBI neurochecks: neurochecks (>24 h)
Single-site: with mild-mod TBI. - No differencein TBI - Prolonged >24 h
severity between - Non-prolonged <24 h n = 78 (14.9%) experienced
Gen/Mix ICU neurocheck neurodeterioration (80.8% GCS

duration groups
- 8% intubated

Delirium diagnosis was
determined from positive
CAM-ICU. Frequency of
neurodeterioration also recorded.

Definition of “neurocheck”:
Not reported

Definition of “neurodeterioration”:
New focal deficit, pupil
abnormality or >2 point GCS
drop

drop; 19.2% focal deficit; no
between-group differences)

n = 8 (1.5%) received surgical
intervention due to
neurodeterioration (no between-
group differences)

Mean Tt intervention post-
deterioration: 70.1 h

No emergent interventions post-
deterioration (shortest Tt
intervention: 11.1 h)

n = 48 (9.2%) had evidence of
radiological deterioration on
subsequent scans; higher
incidence in >24h group (p
<0.003) who underwent more
scans (p <0.001)

Hospital & ICU LOS longer with
prolonged checks (p <0.001, p =
0.002, respectively). No
between-group differences in
ventilator-free days (p = 0.526)
Adjusted odds of delirium with
>24h neurochecks: OR 2.5, 95%
CI 1.5-4.3, p <0.001

NNH for delirium with >24h
neurochecks: 4.2

Brazel, 2024
USA

Single-site:

Prospective Cross-
sectional

To determine frequency of
neurodeterioration across
various diagnoses & whether
that decline was identified by a
scheduled neurocheck, & if it

212 nursing shifts
observed

Patients: most
frequent indications:
- 22% Elective

Nurses completed a survey at the
end of each shift to report if
neurodeterioration was detected
on their shift, if it was detected
during a scheduled hourly check,
& if it prompted any change in

Neurodeterioration was detected
on 30 (14%) of shifts.

20 (67%) events were detected
from scheduled checks, and 10
(33%) from ad hoc assessments

10
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prompted alterations in craniotomy management. Of the 20 events detected from
NScICU management. - 22% SAH scheduled checks, 11 events
- 14% Ischaemic Definition of “neurocheck”: (55%) did not prompt changes in
stroke Level of consciousness, language management.
-11% ICH & speech, cranial
nerves, movement & sensation Neurodeterioration significantly
more frequent for SAH (residual
Definition of “neurodeterioration”: 3.10) and significantly less
“any worsening” frequent for post-elective
craniotomy (residual —-2.21)
Diagnosis not associated with
higher frequency of
interventions (p = 0.38).
Uncategorised Studies (n = 2)
Study ID Design Aims Sample Measures & Procedures Key Results/Findings
Country & Setting Analytic Focus Cheracterisitics
(if applicable)

Hutri, 2022
Finland
Multi-site: 5

Gen/Mix ICU

Prospective Cross-
sectional

To described nurses' self-
reported competence in caring
for patients with SAH, including
assessment & monitoring skills.

Nurses: n = 127
nurses

The researchers developed a
questionnaire consisting of five
background questions & 61
competency statements rated on
a 5-point Likert scale, 10 of which
pertained to patient monitoring
& 5 to assessment of
consciousness.

19.6% response rate across 5
sites.

Nurses' self-assessed competence
(mean + SD):

Assessment of consciousness
4.56 £+ 0.52

Monitoring 4.42 + 0.52

Nurses' perceptions of their
competence in assessment of
assessment of consciousness &
monitoring for patients with
SAH were associated with length
of experience (p <0.001).

No difference in nurses' self-
perceptions of competence
between hospitals (p >0.05).

Banzon, 2023
USA
Single-site:
CVICU;

MICU;
SICU

Prospective Cross-
sectional

To examine neurological
assessment documentation
practices in non-neurosciences
ICUs.

Nurses: not reported

Patients: n = 120
patients.

- 53.3% sedated

- 47.5% intubated

Medical records were
prospectively examined with
frequency of documentation of
each of the 7 neurological
assessment domains evaluated,
namely:

- Consciousness,

- 'Injury severity' (GCS or NIHSS)
- Speech

- Cranial nerves (pupils, eye
movement, corneal & cough)

- Pain

- Motor function

- Sensory function.

Frequency of documentation for
each component were compared
across the three non-NScICUs.

1,482 assessments were
documented over the 7-day
study period.

Nurses documented
considerably more assessments
than providers overall and for
each domain (p <0.001).

Day shift nurses' documentation
frequency:

All 7 domains n = 168 (43.8%)
vs 2 (0.5%) of providers
Consciousness n = 377 (98.2%)
GCS n = 356 (92.7%)

Cranial nerves n = 347 (90.4%)
Speech n = 15 (3.9%)

Pain n = 255 (66.4%)

Motor function n = 328 (85.4%)
Sensory function n = 283
(73.7%)

Differences in documentation
practices for speech, cranial
nerve function & pain were
found between each sub-
speciality ICU (p <0.05), but not
for consciousness, 'injury
severity', motor function &
sensory function.

Table notes: Table 3. Summary of Findings.
Aims/Characteristics: cEEG — Continuous Electroencephalography; gEEG — Quantitative Electroencephalography; FOUR - Full Outline of UnResponsiveness (E - Eye; M
— Motor; B — Brainstem; R — Respiratory); GCS — Glasgow Coma Scale (E — Eye; M — Motor; V — Verbal); GOS(E) — Glasgow Outcome Scale (+ Extended); HIE — Hypoxic-
Ischaemic Encephalopathy; ICH — Intracerebral (intraparenchymal) Haemorrhage; IRR — Interrater Reliability; NCS — Non-Convulsive Seizures; NPhys — Neurophys-
iologist; PLR — Pupillary Light Reflex; RASS — Richmond Agitation Sedation Scale; SAS — Ramsay Sedation Agitation Scale; TBI — Traumatic Brain Injury; SAH —
Subarachnoid Haemorrhage; SDH — Subdural Haemorrhage.
Setting: CVICU - Cardiovascular ICU; ED — Emergency Department; Gen/Mix ICU — General ICU or unclear; MICU — Medical ICU; NScICU - Neurosciences ICU; SICU —
Surgical ICU.
Findings: Acc. — Accuracy; AUROC - Area Under the Receiver Operating Characteristic Curve; ICC — Intraclass Correlation Coefficient; K(w) — Cohen’s Kappa (+
weighted); Kf — Fleiss’ Kappa; LoA — Limits of Agreement; LOS — Length of Stay; Kripp. a — Krippendorff’s alpha; NIHSS — National Institutes of Health Stroke Scale; Non-
neuroIlCU - Non-neurosciences ICU; NNH — Number Needed to Harm; NSx — Neurosurgery; Se — Sensitivity; Sp — Specificity.
Methods: IIC — Interictal Continuum; NPhys — Neurophysiologist; PLR — Pupillary Light Reflex.
qEEG types: aEEG — Amplitude integrated EEG; Asymm.I — Asymmetry Index; (C)DSA - (+ Colour) Density Spectral Array; Rhythm.spect. — Rhythmicity Spectrogram.
Timepoints: min (minute/s), h (hour/s), d (day/s), m (month/s), y (year/s), Q1h — Hourly.
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Fig. 2. Distribution of Studies Across Research Themes and Clinical Contexts.

showing similar patterns of slight underestimation. Agreement was high
for pupillary light reflex (PLR) assessment, with percent agreement
ranging from 82% [36] to 97.7% [58]. False negative rates (i.e., absent
PLR not detected by nurses) were low (<1.5%) in two studies [53,58],
but substantially higher in another (18.4% [36]). One study [36]
measured agreement between nurses’ and pupilometer measurements in
detecting anisocoria, with nurses missing 15 of 30 anisocoria cases.

The feasibility of nurse-performed pupillometry was explored in two
studies: one longitudinal study [34] used surveys to evaluate nurses’
knowledge and satisfaction with pupillometers, while one qualitative
study [40] explored nurses’ experiences in using the device. Both studies
found nurses considered pupillometry a useful adjunct, valued for its
objectivity, convenience, and support in decision-making. The longitu-
dinal study [34] found nurses’ knowledge and satisfaction with pupill-
ometers remained high (mean satisfaction scores > 8 out of 10).
Preference for assessment using the pupillometer increased (p = 0.02),
but was not overwhelmingly preferred. The qualitative study [40] re-
ported nurses were generally comfortable using pupillometers (mean
comfort rating 3.78 out of 5), with focus group discussions finding
nurses perceived pupillometry as useful in confirming concerning find-
ings, often prompting manual reassessment in dimmer lighting or
sedation titration. Concerns centred around potential overshadowing of
clinical judgement, variability in readings, and inconsistent engagement
from medical staff.

The final relevant study investigated the IRR of pupil size, symmetry,
and reactivity between nurse-nurse-researcher pairs [47]. The IRR was
adequate for pupil size and PLR, but poor for symmetry (Fleiss’ K =
0.58), though this estimate may be artificially low due to kappa paradox
[61].

Research Theme 3: Nurse-Led Monitoring of Electroencephalography in
ICU settings

Research within this theme examined the feasibility of nurse-led EEG
monitoring in ICU settings, including nurses’ ability to detect non-
convulsive seizures using quantitative EEG (qEEG) displays and the
role of training in supporting nurses to assess and manage burst sup-
pression. Quantitative EEG involves computational processing of
continuous EEG (cEEG) data into time-compressed displays suitable for
monitoring by non-neurophysiologists [62]. Six studies explored the
feasibility of nurse-led EEG monitoring in ICU settings
[33,37,44,45,56,60]. All such studies were conducted in neuroscience
ICUs in the USA, except for one study from Turkey [37]. Five studies
[33,37,44,45,60] investigated ICU nurses’ accuracy in detecting non-
convulsive seizures (NCS) from qEEG displays. In these studies, the
number of nurse assessors ranged from two to 65 nurses. In three studies
[33,37,60], nurses reviewed qEEG panels from post-hoc transformations
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of archived cEEG data. Two studies [44,45] investigated real-time NCS
detection by nurses with bedside qEEG; one study included any patient
undergoing cEEG, the other included only those with prior NCS. The
qEEG display type varied, though neurophysiologists’ review of cEEG
served as the reference standard in all studies.

Four studies reported moderate-to-excellent accuracy for nurses’
detection of NCS, with sensitivity and specificity estimates exceeding
0.70 [37,44,45,60], while one study [33] reported markedly lower
specificity (0.38), consistent with the researchers’ deliberate selection of
high-complexity qEEG panels. One study [44] evaluating real-time
nurse-led qEEG monitoring found nurses detected NCSs 132 min
earlier, on average, compared to standard neurophysiologist review
(HR = 6.96, 95%CI 1.31-36.9, p = 0.023).

The final relevant study examined the efficacy of an educational
programme in preparing neuroscience ICU nurses to perform cEEG
monitoring [56], including monitoring and management of burst sup-
pression (an EEG pattern characterised by alternating high-amplitude
activity and periods of isoelectric silence [63]). Therapeutic burst sup-
pression, achieved with deep sedation, is used for neuroprotective ef-
fects in acute brain injury [64]. Amongst the nine participating nurses,
mean test scores and confidence levels increased after training (p <
0.001) and were retained at 6 months.

Research Theme 4: The Clinical Utility of Hourly Neurological Assessments

Research within this theme examined the clinical utility of hourly
neurological assessments (neurochecks) in ICU settings, including as-
sociations between surveillance duration and patient outcomes, and the
diagnostic yield in detecting neurological deterioration. Of the five
observational cohort studies [35,39,48,49,59] investigating various di-
mensions of the clinical utility of hourly neurological assessment in
ICUs, all studies were conducted in the USA and predominantly included
patients with neurocritical conditions. Only two studies [35,48] detailed
what domains were assessed; common elements included assessment of
consciousness, language, cranial nerves and motor functions. Only one
study [59] described pausing sedation before neurochecks.

Three retrospective cohort studies [39,48,59] examined associations
between the duration of hourly neurochecks and patient outcomes, with
longer durations consistently associated with unfavourable outcomes
after adjustment for injury severity. The largest study [48] with data
from 8,936 hospitalisations across multiple ICUs at a single-centre, re-
ported a median hourly neurocheck duration of 1.13 days; 19% of orders
exceeded 3 days, and 7% lasted 7 days or longer. Each additional day of
hourly neurochecks was associated with a 1.21-day increase in hospital
length of stay (LOS; p < 0.001). Considerable variability in de-escalation
practices was described; most patients (45%) transitioned to 2-3 hourly
checks while 23% had surveillance ceased entirely. A second study [59]
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involving 124 patients with mixed TBI severities reported a mean neu-
rocheck duration of 2.8 days. Hourly monitoring exceeding 4 days was
associated with longer hospital LOS when accounting for injury severity.
The third study [39], involving 522 older adults with mild-to-moderate
TBI, compared patients receiving prolonged (>24 h) versus non-
prolonged (<24 h) neurochecks. Neurodeterioration occurred in
14.9% of patients but rarely prompted neurosurgical intervention
(1.5%), with no between-group differences. Radiological deterioration
was more frequent in the prolonged-neurocheck group, who underwent
more scans despite few differences in injury characteristics. The inci-
dence of delirium was higher in the prolonged-monitoring group, who
also had longer hospital and ICU LOS (all p < 0.05). Prolonged neuro-
check duration, and not injury severity, was independently associated
with development of delirium in adjusted models.

Two prospective studies focused on the diagnostic yield of neuro-
checks. The first study [49] evaluated “GCS-based” neurochecks in the
acute phase of intracerebral haemorrhage. The frequency of neurolog-
ical changes declined significantly across each successive 3-hour inter-
val following admission (p < 0.05), with no significant differences
observed beyond 12 hours. During this hyperacute period, 27% of pa-
tients’ GCS decreased and 47% had no change. The second study [35]
observed 212 nursing shifts, finding neurodeterioration in 20 shifts
(14%), most often during scheduled hourly checks (9.4%), rather than
ad hoc assessments (4.7%; p < 0.01). Interventions were prompted by
neurodeterioration detected from scheduled checks in nine shifts
(4.3%). Neurodeterioration occurred more often for patients with SAH
and less often for patients post elective craniotomy although diagnosis
was not associated with differences in the frequency of interventions.

Uncategorised Studies

Two studies’ foci did not align with the identified research themes: a
survey of nurses self-perceived competence in caring for patients with
SAH [42], and a study examining neurological assessment documenta-
tion practices in non-neuroscience ICUs [9]. The survey study found
nurses rated their competence in assessing consciousness as ‘very good’
[42]. Greater nursing experience was associated with higher perceived
competence, with no differences observed between the five sites. The
final study prospectively reviewed documentation of neurological
assessment across non-neuroscience ICUs in a single centre [9], finding
nurses documented more assessments than medical staff (p < 0.001).
Documentation of consciousness and cranial nerve functions were
frequent (>80% of assessments), whereas motor and sensation were
documented less often (<60%). Significant variation was observed be-
tween ICU sub-specialties in documentation of speech, cranial nerve
functions, and pain.

Discussion

We sought to describe the scope and nature of evidence relevant to
nurse-performed neurological assessment in adult ICU settings. This
review found the evidence base is low in volume and concentrated
within four dominant research themes: nurses’ assessment of con-
sciousness level, assessment of pupils, monitoring of EEG, and the
clinical utility of hourly neurochecks. Across studies, there was signifi-
cant variation in the specific aims, populations, methods and outcome
measures, which precluded meaningful comparisons of findings within
research themes.

The reviewed evidence base was geographically and clinically
concentrated, limiting insight into neurological assessment practices
across broader ICU populations. Almost half of included studies were
conducted in the USA, with only sporadic representation from other
high-income countries. A third of studies were from LMICs in West Asia
and North Africa, where clinical resources and educational opportu-
nities may differ. Additionally, a large majority of studies were con-
ducted either in neuroscience ICUs or exclusively in patients with acute
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brain injury. Very few studies involved patients with non-neurological
conditions, and only one focused on patients with non-neurological
conditions exclusively. Consequently, this evidence base offers a
limited understanding of assessment practices in general or mixed co-
horts. Moreover, very few studies compared findings across ICU sub-
specialties, limiting insight into the comparability of practices be-
tween neuroscience ICUs and general/other ICUs. Accordingly, findings
should be interpreted as context-specific rather than generalisable
across ICU settings.

Assessment of consciousness was the most frequently studied theme,
although studies were clinically and methodologically heterogeneous.
Most studies were conducted in LMICs and compared the psychometric
performance of nurse-assessed GCS and FOUR scores in neuroscience
ICU settings or in patients with neurocritical conditions exclusively.
However, the psychometric domains examined and specific populations
varied. Findings generally favoured the FOUR score, as consistent with
recent systematic reviews of ICU studies amongst mixed assessor groups
[65,66]. Estimates of IRR were high for the FOUR score but less
consistent for the GCS. Higher GCS estimates were reported where
nurses received instruction immediately prior to assessment, echoing
patterns observed across broader literature evaluating reliability
amongst various ICU clinician-assessors, with acceptable IRR estimates
limited to studies assessing the FOUR score concurrently following in-
struction [67,68]. Notably, under contemporary psychometric valida-
tion criteria [30], no study has reported adequate GCS reliability in ICU
settings when assessed in isolation and without assessor preparation
[65,67,69]. Threshold-dependent estimates of predictive accuracy fav-
oured the FOUR score, also aligning with broader ICU literature
[65,66,68]. However, included studies involved large proportions of
alert and/or unsedated patients, introducing ceiling effects that may
favour the GCS whilst obscuring the strengths of the FOUR score typi-
cally revealed in cohorts with moderate-to-severe impairments. Given
these limitations, the psychometric performance and clinical utility of
nurse-assessed GCS and FOUR score in ICU settings remains unclear.
Further investigation under naturalistic conditions is needed, especially
amongst general/other ICU cohorts.

Few studies investigated the accuracy and reliability of nurses’ as-
sessments of pupil function. All studies investigating nurses’ use of
pupilometers, or accuracy of visual inspections compared to pupill-
ometers, were conducted in neuroscience ICUs. These studies found
nurses consistently underestimated pupil size by 0.2-0.4 mm compared
to pupillometer readings [36,53,58], although the clinical significance
of this discrepancy remains unclear. Both IRR amongst nurse-assessors
and agreement with pupillometer readings was high for pupil reac-
tivity but potentially inadequate in detecting anisocoria. Acceptability
of pupillometry amongst neuroscience ICU nurses was nuanced [34,40],
with perceived benefits of objective confirmation for concerning find-
ings tempered by low medical engagement and uncertain clinical sig-
nificance. The precision and accuracy of nurses’ pupil assessments in
broader ICU settings remains uncertain.

Findings were more consistent amongst studies examining nurses’
detection of non-convulsive seizures using qEEG, with all reporting at
least adequate diagnostic accuracy. Reviewed evidence suggests nurse-
led EEG monitoring may expedite NCS detection [33,37,44,45,60] and
support management of burst suppression [56]. Closer monitoring of
EEG could be especially beneficial in this setting, as prolonged or un-
intentional suppression from excessive sedation may adversely affect
cerebral autoregulation, risking secondary injury and poor neurological
outcomes [63,70]. Like the other themes described in this review, this
evidence was limited mostly to studies conducted in neuroscience ICU
settings. Nevertheless, reviewed findings align with systematic reviews
and meta-analyses also supporting the technical feasibility of nurse-
performed EEG monitoring in ICUs [71,72], although clinical efficacy
and acceptability amongst ICU clinicians have not yet been established.

In contrast, findings from observational studies do not support sus-
tained hourly neurochecks beyond the hyperacute phase of neurological
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injury, given potentially low diagnostic yield and associated risks
[35,39,48,49,59]. Neurodeterioration requiring intervention is uncom-
mon, and prolonged intensive monitoring may not yield clinically
meaningful diagnostic returns [35,39,49]. Radiological deterioration
was not associated with clinical neurodeterioration or surgical in-
terventions, likely reflecting expected radiographic evolution and sur-
veillance bias rather than clinically significant worsening [35,39].
Prolonged hourly neurochecks are independently associated with
increased ICU and hospital LOS and higher delirium risk, without
improving neurological outcomes [39,48,49,59]. Complementary evi-
dence has described physiological mechanisms that may explain these
associations: neurochecks may elicit an immediate physiological stress
response, elevating cortisol and catecholamines [73], while sleep
disruption impairs sleep-dependent glymphatic clearance of neurotoxic
metabolites [74], as implicated in delirium and neurodegenerative
conditions [75]. Collectively, these findings suggest the duration and
intensity of neurochecks warrant careful consideration, as prolonged
intensive surveillance may confer iatrogenic harms without clear diag-
nostic or therapeutic benefit. Further research evaluating the risks and
benefits of intensive neurochecks is needed to inform the development
of risk-stratified monitoring protocols.

Strengths and Limitations

This scoping review has several distinguishing strengths: it was
designed and conducted in accordance with established methodological
guidance [16-20], and integrated design elements to enhance rigour.
Nevertheless, this review is not without limitations. The conceptual
breadth of this topic necessitated detailed, specific search strategies, and
some relevant studies may have been missed. As the review aimed to
map current evidence, searches were limited to reports published from
2014; therefore, review findings are not exhaustive, and relevance ex-
tends only to contemporary practice. Additionally, including only
English-language studies may have introduced a language bias.

Notably, the purpose of scoping reviews is to characterise the
evidentiary landscape surrounding a broader topic [76]. Their value lies
in revealing evidence gaps that direct high-quality research, rather than
synthesising effect sizes and appraising quality [18-20,76]. Accord-
ingly, this review describes only the overall direction of relevant find-
ings and does not constitute a definitive critical synthesis intended to
guide practice [18].

The most notable limitation of reviewed evidence is the lack of
studies conducted in non-neuroscience ICUs and/or involving patients
with non-neurological primary diagnoses. Therefore, most findings are
specific to neurocritical care cohorts and may not be generalisable to
broader ICU populations. Additionally, although formal quality
appraisal was not undertaken, the included studies collectively reflect a
fragmented evidence base characterised by methodological and opera-
tional heterogeneity, potential case-mix artefact, and weak ecological
validity, given the predominance of controlled conditions over natu-
ralistic settings. Furthermore, limited attention to statistical power and
potential confounders constrain interpretation of findings and highlight
the need for more rigorous and conceptually coherent research in this
area. Overall, relevant evidence remains incohesive, context-bound, and
likely of very low certainty. Therefore, the current evidence base does
not yet provide a sufficient foundation for more focused evidence syn-
theses capable of informing meaningful recommendations for practice
or robust evidence-based clinical guidelines.

Implications for Future Research

This review identified several areas for prioritisation in future
research:
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e The psychometric performance of nurse-assessed GCS and FOUR
scores in ICU settings, including non-neurocritical and mixed co-
horts, and sedated patients.

e The accuracy of nurses’ assessment of pupils and cranial nerves.

e Nurse-led EEG monitoring and management of non-convulsive sei-
zures and burst suppression.

e The clinical utility of hourly neurochecks, including evaluation of
associated risks adjusted for illness severity.

Uncertainty regarding the reliability and validity of core nursing
neurological assessment practices remains the central issue identified in
this review. Such uncertainty may constrain meaningful exploration of
clinical decision support systems and artificial intelligence-assisted ap-
proaches in future research, as these technologies depend on stable and
clearly defined underlying constructs. In the interim, nursing education
has an important role in supporting ICU nurses to strengthen theoretical
knowledge and technical assessment skills to support more consistent
understanding and application of neurological assessment when caring
for critically ill adults.

Conclusions

This scoping review of research on nursing neurological assessment
in adult ICU settings revealed an evidence base of limited empirical
maturity. Current evidence is constrained within narrow empirical foci
characterised by substantial heterogeneity in aims, methods, and clin-
ical context. Consequently, this evidence base lacks the volume, coher-
ence, and convergence required for higher-order syntheses from which
practice-oriented conclusions may be drawn. Further rigorous inquiry
is urgently needed to verify the reliability, validity, and clinical utility of
existing practices and guide refinements that balance necessary vigi-
lance with meaningful clinical outcomes. Such refinements must be
responsive to the complex needs of the critically ill adult and grounded
in the expertise of the specialist intensive care nurse.
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