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a b s t r a c t 

Reproducible and standardised neurological assessment scales are important in quantifying research outcomes. 

These scales are often performed by non-neurologists and/or non-clinicians and must be robust, quantifiable, 

reproducible and comparable to a neurologist’s assessment. COVID-CNS is a multi-centre study which utilised 

the Neurological Impairment Scale (NIS) as a core assessment tool in studying neurological outcomes follow- 

ing COVID-19 infection. We investigated the strengths and weaknesses of the NIS when used by non-neurology 

clinicians and non-clinicians, and compared performance to a structured neurological examination performed by 

a neurology clinician. Through our findings, we provide practical advice on how non-clinicians can be readily 

trained in conducting reproducible and standardised neurological assessments in a multi-centre study, as well as 

illustrating potential pitfalls of these tools. 
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Accurate and reproducible neurological examination is vital in eval-

ating and classifying neurological conditions in clinical practice. In

ddition, these clinical assessments are essential tools in neurological
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esearch, and are often applied as primary outcome measures of dis-

ase. 1-4 When assessing outcomes in neurological studies, it is important

o utilise a standardised outcome measurement as it can help with com-

aring disease processes, eg the neurological sequelae following COVID-

9 against the sequalae following meningitis. It also facilitates the com-
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ining of studies into meta-analyses, which can feed into data-driven

nterventions, as well as ensure quantifiable and reproducible results. 5 , 6 

xamples such as the National Institutes of Health stroke scale (NIHSS)

nd the Glasgow coma scale (GCS) demonstrate the utility of these tools

o characterise and quantify focused clinical neurological findings in a

eproducible form, although their use is limited to specific neurological

resentations. 3 , 7 

Ensuring effective use of an appropriate neurological assessment tool

s particularly important in the context of large multi-centre research

tudies, given that readily reproducible assessments are required for

eaningful comparisons across different sites, settings and populations;

his is especially pertinent in the context of heterogenous disease, an

xemplar of which is the COVID-Clinical Neuroscience Study (COVID-

NS), which studied the neurological complications of SARS-CoV-2 in-

ection. 3 In such settings, neurological assessments are often necessarily

erformed by non-clinical research staff to enable large cohorts of pa-

ients to be assessed across multiple sites within time constraints. 

COVID-CNS is a UK multi-centre observational case–control study

hat assessed the neurological, psychiatric and cognitive complications

f COVID-19. 8 An important aspect of the study was assessment of

eurological examination findings associated with the development of

OVID complications. To achieve this at a national scale, a neurological

ssessment approach was developed whereby all patients underwent a

ace-to-face clinical assessment involving two neurological assessments.

ne assessment was a ‘core’ neurological assessment, which could be

ompleted by any appropriately trained research team member, includ-

ng nurses and research assistants. This was assessed in the same patient

elative to a structured ‘clinical’ neurological examination, completed by

 clinician, such as a neurology clinical fellow, registrar, or consultant. 

The Neurological Impairment Scale (NIS) was chosen as the tool for

he core assessment in COVID-CNS. The NIS assesses a combination of

eurological impairments and has been applied across a broad range

f disabling conditions. 4 The NIS is intended to be used both to de-

cribe patients on a first assessment and contribute to evaluating re-

overy (an example of the NIS score sheet and main scoring principles

s given in Appendix 1). Good inter-rater agreement has been demon-

trated between physicians and multidisciplinary team members, with

atings highly comparable for most items. 4 However, the utility of the

IS relative to a structured neurological examination performed by a

linician has not yet been reported. 

ims and objectives 

Here, we review the neurological outcomes reported in COVID-CNS

n both the ‘core’ examination (which utilised the NIS) in comparison to

he ‘clinical’ examination. We aimed to explore two main questions: 

• How comparable are findings from the NIS to a structured neurolog-

ical exam when performed by the same clinician? 

• How comparable are findings from the NIS when a conducted by a

non-clinician to a structure neurological exam performed by a clini-

cian? 

By investigating the strengths and weaknesses of the NIS compared

o a structured neurological examination, we hope to provide practical

nsights into utilising standardised neurological assessments to inform

uture multi-centre large-scale studies. 

ethods 

tudy design 

Participants were recruited into the COVID-Clinical Neuroscience

tudy (COVID-CNS) between October 2020 and October 2022 in accor-

ance with the ethically-approved NIHR Bioresource (East of England–

ambridge Central Research Ethics Committee (Ref 17/EE/0025;

2/EE/0230). All participants gave written informed consent, and all
2

rocedures were performed in accordance with the declaration of

elsinki. The purpose of the study was to investigate patients who had

een hospitalised with COVID-19 with or without neurological compli-

ations. These were defined by the following criteria: neurological dis-

ase onset within 6 weeks of acute SARS-CoV-2 infection and no evi-

ence of other commonly associated causes. 8 

Participants in COVID-CNS had a face-to-face assessment once they

ecovered from their COVID-19 infection. During this assessment they

nderwent basic neurological assessment (outlined below), which was

ivided into two sections ( Table 1 ): 

1. Core Neurological Assessment – this was completed by appropri-

ately trained research team members who were not clinicians, such

as COVID-CNS research assistants / research nurse support and in-

volved completing the NIS. 

2. Clinical Neurological Assessment – This was completed by a clini-

cian, who was either a neurology consultant, registrar or a clinical

fellow, and comprised completing a full structured neurology exam-

ination. 

Participants underwent neurological assessment by one of two ways,

epending on the recruiting site ( Fig. 1 ): 

• Group 1 – Assessment performed by the same clinician for both the

core and clinical assessment (in no specified order); 

• Group 2 – Core assessment performed by a non-clinician and the clin-

ical assessment performed by a neurology clinician. Both assessors

for Group 2 were blinded to the findings of the other. 

nclusion criteria 

Patients for our study were recruited from 12 UK hospitals in the

OVID-CNS study. Exclusion criteria were age < 16 years old or if their

ndings were not thought to be linked to the COVID-19 infection, eg

hey had pre-existing diagnosis of chronic neurological disease, such as

ementia, stroke or multiple sclerosis. 

raining for core and clinical assessments 

Two open access neurological examination training videos were cre-

ted prior to assessment ( Fig. 2 ). COVID-CNS staff who were undertak-

ng assessments were trained in the core and clinical neurological as-

essments with both in-person and online sessions. The core neurologi-

al assessment training involved a walk-through of how to conduct the

IS (seen here: https://youtu.be/MJfd4_FtOLA?si = T0QMd0ttR_CXFev ),

hile the clinical assessment training (seen here: https://youtu.be/-

bFWRnAJ58 ) included a walk-through of the structured neurological

xam. 

In these sessions, the principal investigators highlight pertinent signs

nd symptoms, and specify interpretation of severity scales (eg the dif-

erence between moderate and severe motor impairment during an as-

essment). Video examinations enabled flexible revisiting of teaching

aterials and direct visualisation of positive findings, previously shown

o improve assessment skills. 9-11 

tatistical analysis 

To assess the utility of using the NIS, we collected outcome data

rom both the core and clinical neurological assessments. For the core

ssessment, we gathered the scores of the 17 items on the NIS, each

ated either 0 (none), 1 (mild), 2 (moderate) or 3 (severe), giving a total

core range 0–50 and classified any score above 0 as a positive finding.

linical assessment data were also collected and any abnormal findings

n neurological examination were classified as positive. 

The assessment outcomes for both the core and clinical assessment

ere classified into the following categories: tone, power (upper limb

https://youtu.be/MJfd4_FtOLA?si=T0QMd0ttR_CXFev
https://youtu.be/-3bFWRnAJ58


A.M. Alam, G.W. Webb, C. Collie et al. Clinical Medicine 24 (2024) 100241

Table 1 

Overview of core and clinical neurological assessments used in COVID-CNS. 

Core neurological assessment Clinical neurological assessment 

Individual conducting 

assessment 

Group A: Clinician – a neurology consultant, registrar, or clinical 

fellow 

Group B: Non-clinician – a research nurse or a research assistant 

Group A and B: a neurology consultant, registrar, or clinical fellow 

Assessment overview Assessed using the Neurological Impairment Scale containing the 

following sub-domains: 

Speech and language, smell, taste, seeing/vision and hearing 

Motor – including gait, upper limb and lower limb power, 

including ataxia and coordination 

Tone/joint range – both upper and lower limb 

Sensation – including light touch and proprioception 

Cognitive function – including consciousness, orientation, memory 

and attention 

Assessed using a structured neurological examination containing 

assessment of: 

Cranial nerve exam – including vision, smell, taste, hearing and 

speech 

Power – including gait, upper limb and lower limb power 

Tone – both upper and lower limb 

Sensation – including light touch and proprioception 

Coordination – including both truncal and limb ataxia 

Basic cognitive testing – involving a modified Abbreviated Mental 

Test 

Assessment outcomes utilised Gathered the scores of the 17 items on the NIS, each rated either 0 

(none), 1 (mild), 2 (moderate) or 3 (severe), and classified any 

score above 0 as a positive finding. 

Any abnormal findings on neurological examination were classified 

as a positive finding. 

Training prior to study In-person and online accessible training video to both clinicians 

and non-clinicians 

In-person and online accessible training video to clinicians 

Fig. 1. Study design showing how core and 

clinical assessments were undertaken. 

Fig. 2. A screenshot of the educational video on conducting 

the COVID-CNS clinical assessment. 
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nd lower limb), coordination (including ataxia), sensation (including

ight touch and proprioception), smell, taste, vision, hearing and speech.

Agreement between Group 1 and Group 2 scores were assessed by

eporting Kappa ( 𝜅) coefficients for each category assessed. A priori in-

erpretation of the 𝜅 statistic used standard rating criteria: 0.00–0.20

light agreement, 0.21–0.40 fair agreement, 0.41–0.60 moderate agree-

ent, 0.61–0.80 substantial agreement, and 0.81–0.99 almost complete
3

greement. 12 All statistical analyses were conducted using R statistics

R version 4.3.2, epi .kappa package). 

esults 

Overall, 240 patients were included; 118 in Group 1 and 122 in

roup 2. Descriptive data for the groups are shown in Table 2 . 
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Table 2 

Demographic data of included patients. 

Group 1 n = 118 Group 2 n = 122 Total n = 240 

Mean age in years 

( + /- SD) 

56.1 ( + /-14.6) 53.6 ( + /-15.2) 54.9 ( + /-14.9) 

Sex (%) Female 45 (38.5%) 

Male 66 (56.4%) 

Unknown 6 (5.1%) 

Female 44 (35.7%) 

Male 65 (52.8%) 

Unknown 14 (11.4%) 

Female 89 (37.1%) 

Male 131 (54.6%) 

Unknown 20 (8.3%) 

Ethnicity Asian 4 (3.4%) 

Black 30 (25.6%) 

White 55 (47.0%) 

Mixed 3 (2.7%) 

Other 17 (14.5%) 

Unknown 8 (6.8%) 

Asian 7 (5.7%) 

Black 5 (4.1%) 

White 84 (68.3%) 

Mixed 2 (1.6%) 

Other 10 (8.1%) 

Unknown 15 (12.2%) 

Asian 11 (4.6%) 

Black 35 (14.6%) 

White 139 (57.9%) 

Mixed 5 (2.1%) 

Other 27 (11.3%) 

Unknown 23 (9.6%) 

English as first language (%) Yes 91 (77.8%) 

No 16 (13.7%) 

Unknown 10 (8.6%) 

Yes 87 (70.7%) 

No 18 (14.6%) 

Unknown 18 (14.6%) 

Yes 178 (74.2%) 

No 34 (14.2%) 

Unknown 28 (11.7%) 

Fig. 3. Kappa co-efficient values in the different neurological assessment categories in Group 1 and Group 2. 
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roup 1 findings 

When assessing congruence between positive findings in the core

ssessment and the clinical assessments within Group 1 (ie the same

linician doing both assessments), we found that the categories with

he highest 𝜅 co-efficient agreement included power ( 𝜅= 0.81) (specifi-

ally 𝜅= 0.76 in the upper limb and 𝜅= 0.82 in the lower limb), sensation

 𝜅= 0.77), smell ( 𝜅= 0.87) and taste ( 𝜅= 0.87). The poorest agreement be-

ween the core and clinical assessments were found in tone ( 𝜅= 0.09) and

taxia ( 𝜅= 0.28) ( Fig. 3 ). 

roup 2 findings 

When assessing agreement between a non-clinician conducting the

ore assessment and a clinician conducting a clinical assessment, we

ound that assessment of power in the upper limb had significant agree-

ent ( 𝜅= 0.69), as well as smell ( 𝜅= 0.76). However, only slight agree-

ent was found in assessment of ataxia ( 𝜅= 0.08). Overall, lower agree-

ent was found between non-clinicians and clinicians ( Fig. 3 ). 

iscussion 

To ensure robustness as neurological outcome measures, assessments

tilised in research must be objective, quantifiable, reproducible, and

omparable to a neurologist’s assessment. 6 

ow comparable are findings from the NIS to a structured neurological 

xam when performed by the same clinician? 

In COVID-CNS, we found that the NIS had moderate to substantial

greement on many domains of neurological assessment when com-
4

ared to a structured clinical examination when both were conducted

y the same clinician. Specifically, power in both upper and lower limb,

mell and taste had almost perfect agreement. Interestingly, elicited neu-

ological signs, such as power, have been reported to have poor inter-

ater reliability between neurologists; 13 however, in our study, loss of

ower seems to have good agreement between the NIS and clinical ex-

mination. The poorest agreement between the core and clinical assess-

ents were found in tone and ataxia. Verbal feedback from neurologists

uggested that the NIS may not necessarily be straightforward to use for

hose who normally rely on a clinical neurological exam. Specifically,

 clinical neurological exam assesses domains such as tone and ataxia

hrough a hands-on, qualitative evaluation (which is often reliant on

xperience), whereas an assessment using the NIS involves a structured

pproach which primarily aims to provide a reproducible quantitative

utput (in the case of tone, the NIS produces a score of 0–3). Therefore,

ubtle neurological ‘soft’ signs may be missed in the NIS. This could re-

ect the low agreement in these domains and suggests a weakness of

sing a standardised tool in assessing neurology. Similar findings have

lso been found in studies assessing modified versions of the NIHSS. 14 , 15 

ften ataxia can be subtle on examination, and may involve the limbs,

runk or cranial innervation. In the NIS, coordination and ataxia are clas-

ified under the motor control section (where hemiparesis and weakness

ould be assessed), which focuses on the limbs primarily. Therefore,

ubtle truncal or cranial signs may potentially be missed in the NIS as

hese are not specifically mentioned in other sections, and then be sub-

equently picked up in a structured clinical examination. Overall, how-

ver, at least fair agreement was found in all categories ( Fig. 3 ), suggest-

ng that the NIS maybe be a useful standardised neurological assessment

ool when utilised by clinicians. In practice, using the NIS alongside a

eurological exam can complement qualitative clinical assessment with

bjective and reproducible data that may be tracked over time. 
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ow comparable are findings from the NIS when a conducted by a 

on-clinician to a structure neurological exam performed by a clinician? 

We found that non-clinicians generally demonstrated at least fair

greement across many domains when comparing their NIS assessment

o clinicians’ clinical assessments. Certain aspects of the neurological as-

essments did, however, show only slight agreement, and overall there

as poorer agreement compared to the assessments being done by the

ame clinician. This emphasises the importance of interpreting assess-

ent tools in the context of the neurological syndrome under evaluation.

or example, elicited signs such as lower limb power, tone, ataxia, sensa-

ion and proprioception only had slight to moderate agreement. Power

ay be poorly assessed by scales such as the NIS when conducted by

on-clinicians due to the subjective interpretation of weakness, as well

s cooperation of patients; whereas findings such as tone are reliant on

echnique to identify subtle clinical signs such as hypotonia. Of note is

he extremely low agreement of ataxia and proprioception. These areas

f poor agreement may suggest that the NIS requires modification to

elp increase identification of signs such as ataxia and limits its use in

ssessing pathologies with proprioceptive sensory deficits. Proficiency

nd experience are vital in eliciting these signs and standardised as-

essment scales may well under-report such neurological findings. In-

erestingly, lower limb motor assessment had worse agreement when

ompared to the upper limb, perhaps suggesting that more sensitive

ositive findings on lower limb examinations were missed such as dis-

al weakness, though other aspects such as cooperation of the patient

nd technique of examiner may again have contributed. Nevertheless,

any categories showed moderate or substantial agreement ( Fig. 3 ), il-

ustrating that there may be utility in non-clinicians using the NIS as a

tandardised assessment tool in neurological studies. 

he importance of reproducible and accessible neurological assessment tools

Given the time constraints on principal or associate principal in-

estigators (eg due to clinical commitments), standardised examination

ools, such as the NIS, can streamline the assessment of a large number

f patients in a reproducible manner. Furthermore, as we have demon-

trated with the NIS, assessment tools can be undertaken by the wider

DT with good reliability for many neurological domains. As more

arge-scale studies in neurology are conducted, further evaluation in the

perator-independent utility of neurological assessment tools is vital in

nsuring that the maximum number of patients are assessed in a stan-

ardised manner. 

Assessment tools can be particularly important in studying neurolog-

cal conditions in cohorts in low-resource settings, especially given that

he WHO estimates in some settings there are 0.3 neurologists per mil-

ion population. 16 Furthermore, by utilising standardised neurological

ssessment, studies in low-resource settings can be compared to those

n high-resource settings to better understand disparities in neurologi-

al outcomes. In COVID-CNS, videos were utilised to help in training

o-investigators to improve consistency between the multiple centres

hen reporting outcomes. Video tools can be utilised to improve ac-

essibility of outcomes scales in neurological studies globally. Notably,

owever, very few assessment tools are available in more than one lan-

uage, which impedes their utility in research beyond English-speaking

opulations. 17 

Finally, by evaluating the utility of neurological tools such as the

IS, we can identify strengths and weaknesses in these assessments. For

xample, the poor agreement in the assessment of lower limb power, co-

rdination, ataxia and sensation in the NIS can have important effects

n population-based studies of conditions such as neuropathies and neu-

onopathies, 18 , 19 where findings such as sensory neuropathies or ataxia

ay be under-reported. In such cases, findings obtained using these tools

ust be evaluated in the context of the operator undertaking the neu-

ological assessment. 
5

imitations 

There are several limitations that must be considered in our study.

irstly, not all clinical neurological assessments were completed by con-

ultant neurologists, and therefore there may be incorrect or under-

eported findings within the structured neurological examinations. In-

eed, previous studies have highlighted the inter-rater variability among

onsultant neurologists when it comes to clinical examination. 13 Fur-

hermore, though training was provided in both the core and clinical ex-

mination assessments, these were not exhaustive and better agreement

cores may well have been found if substantial and recurring training

n the NIS was given to both clinicians and non-clinicians. Our findings

ocus on the utility of the NIS as a neurological assessment tool in the

ontext of COVID-19, and our findings may not be reproducible in other

ettings using separate tools studying other neurological pathologies.

inally, in group 1, the clinician may well be biased in their report-

ng of positive findings in the clinical assessment given they had first

ompleted the core assessment, potentially incorrectly increasing the

greement scores between them. 

onclusion 

COVID-CNS utilised the NIS as a tool to assess the neurological mor-

idity following infection. This involved developing open access video-

ased walkthroughs on conducting the core and clinical neurologist

ssessments. Our analysis illustrates that the NIS has good agreement

hen compared to a clinical neurological examination, and that non-

linicians had mostly above fair agreement when comparing their as-

essment to clinicians. Certain aspects of the neurological assessments

id, however, show only slight agreement, such as lower limb power,

oordination and sensation. Neurological assessment sets can provide an

ccessible and reproducible tool for many parameters which can be used

uccessfully in multi-centre neurological studies, but findings should be

nterpreted in the context of the neurological syndrome under evalua-

ion. 

ummary box 

• Effective use of an appropriate neurological assessment tool is im-

portant in assessing outcomes in multi-centre research studies, given

that readily reproducible assessments are required for meaningful

comparisons across different sites, settings, and populations. 

• Often these assessment tools are completed by non-clinicians and

must be comparable to assessment conducted by neurologists. 

• COVID-CNS illustrates how the Neurological Impairment Scale has

good agreement when compared to a clinical neurological examina-

tion conducted by a neurologist, and that non-clinicians generally

demonstrated at least fair agreement when comparing their assess-

ment to clinicians. 

• Certain aspects of the neurological assessments did, however, show

only slight agreement and this emphasises the importance of inter-

preting assessment tools in the context of the neurological syndrome

under evaluation. 
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