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ABSTRACT
Background  Prehospital delay contributes to 
treatment delay in acute stroke. Numerous 
prehospital stroke scales exist for stroke 
identification, but they lack the diagnostic 
accuracy of the in-hospital National Institutes of 
Health Stroke Scale (NIHSS). We have developed 
a mobile application to aid paramedics assessing 
prehospital NIHSS. This study explores agreement 
between NIHSS scores obtained using the 
Paramedic Norwegian Acute Stroke Prehospital 
Project (ParaNASPP) application compared with 
conventional assessment.
Methods  25 physicians working with stroke 
were randomised to an application group or 
control. 20 unique videos portraying acute 
stroke symptoms were scored by both groups. 
95% limits of agreement (LoA) were calculated 
using Bland-Altman’s method, comparing the 
groups to predefined scores, and each other. 
LoAs within ±3 NIHSS points were considered 
acceptable. Cohen’s kappa was calculated on 
dichotomised NIHSS scores.
Results  The ParaNASPP application group had 
95% LoA of −2.33 to 2.71. The control group 
had LoA of −2.60 to 2.55. Direct comparison 
between the groups gave LoA of −3.12 to 
3.55. When compared with the dichotomised 
predefined scores kappa was 0.93 in the 
application group and 0.89 in the control group. 
Kappa was 0.84 for direct comparison between 
the groups.
Discussion  There was very good agreement 
between the application and both the 

predefined score and the control group. Scores 
from the ParaNASPP application differ slightly 
more than our predefined goal when compared 
with the control group, but is well within when 
compared with the predefined NIHSS scores. 
We consider this acceptable and the ParaNASPP 
application validated for further clinical studies.

BACKGROUND
Medical evidence and new technologies 
change the way patients who had an acute 
stroke are diagnosed and treated,1 and 
short onset-to-treatment time remains 
an important predictor of outcome.2 3 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Prehospital stroke scales are not up to 
the standard of the in-hospital National 
Institutes of Health Stroke Scale (NIHSS), 
which is considered to complex for 
prehospital use.

WHAT THIS STUDY ADDS
	⇒ Using a mobile application developed 
for paramedics to aid NIHSS assessment 
has a very good agreement with the 
conventional paper form.

HOW THIS STUDY MIGHT AFFECT RE-
SEARCH, PRACTICE AND/OR POLICY

	⇒ This is the first step toward implementing 
prehospital NIHSS, though more research 
and clinical testing is needed.
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Better prehospital and in-hospital stroke assessment, 
including early prehospital identification of stroke, 
triage to the right level of care and reduced door-to-
needle time may improve stroke prognosis.4 Recogni-
tion of acute stroke symptoms in prehospital settings 
is essential in order to transport patients to the right 
level of care, and a consensus statement issued by 
the European Stroke Organisation and the European 
Academy of Neurology recommend specific training 
for paramedics.5

The National Institutes of Health Stroke Scale 
((NIHSS) online supplemental material I) is the most 
validated tool for assessment of patients who had an 
acute stroke among doctors and nurses in hospitals.6 It 
is measured as a continuous scale from 0 to 40, divided 
into 11 categories, and a higher score indicates more 
severe stroke.7 An ideal prehospital stroke scale is easy 
to use, quick, reliable and ensures good communica-
tion with in-hospital stroke physicians. Paramedics 
in Europe, and Norway, predominantly uses the 
Face Arm Speech Test (FAST) to assess patients with 
suspected acute stroke.8 FAST and most other prehos-
pital scales are derived from NIHSS, but lack the diag-
nostic accuracy of NIHSS.9–11 NIHSS has been shown 
to be better at predicting large vessel occlusion (LVO) 
than prehospital stroke scales.12 Due to its complexity, 
NIHSS has been considered less suited to the prehos-
pital setting,9 13 but new studies are showing it might 
be a valuable prehospital tool.14

In the Paramedic Norwegian Acute Stroke Prehos-
pital Project (ParaNASPP), we have developed a mobile 
application to aid paramedics using NIHSS on patients 
with suspected acute stroke ((ParaNASPP application) 
online supplemental material II), including a specific 
paramedic training programme. This concept may 
enable prehospital NIHSS as an efficient, accurate and 
objective tool for a common language in the chain of 
stroke survival. With mobile devices and applications 
now widely available in clinical settings, trained para-
medics can use the application to perform accurate 
NIHSS scoring in suspected stroke patients and directly 
transfer patient data to the on-call stroke physician.15

In this study, we aim to explore the agreement in 
NIHSS scoring obtained using the ParaNASPP applica-
tion compared with NIHSS scores obtained using the 
standard paper version. A good agreement would vali-
date the ParaNASPP application for further clinical use 
in prehospital and in-hospital settings.

METHODS
Participants
Physicians working with stroke were voluntarily 
enrolled from two Norwegian hospitals, Akershus 
University Hospital (AHUS) and Molde Hospital. Each 
participant received a compensation for time spent on 
study-specific tasks. In total, 25 physicians (consultants 
and residents in geriatrics and neurology) signed up 
for participation. We opted to use physicians working 

with stroke to assess the inter-rater agreement between 
NIHSS from the ParaNASPP application and the stan-
dard paper NIHSS.

Participants were randomised into an application 
group and a control group using a block randomisation 
on ​GraphPad.​com.16 One block was AHUS (n=21) 
and one was Molde Hospital (n=4). The randomis-
ation created two study groups, one that used the 
ParaNASPP application to score NIHSS (n=13) and a 
control group using the conventional paper version of 
NIHSS (n=12).

Cases
We created 20 cases with different acute stroke 
scenarios, which were acted by a physician working 
with stroke and filmed. Each of the 20 cases had a 
predefined symptom presentation and total NIHSS 
score defined by the research team. The NIHSS scores 
varied from 0 to 31, with a median score of 7. The 
variation and total score of the cases was made to 
reflect a real-world stroke population.17 The exam-
iner in each video is an NIHSS certified18 paramedic 
with no prior knowledge of the cases. The cases were 
numbered from 1 to 20. All participants were given 
access to the videos through a web page (https://www.​
akuttportalen.no/).

Application group
None of the participants had used the ParaNASPP 
application prior to this study. Instructions on how 
to download the application to an Apple iOS mobile 
device were provided. Information registered in the 
application (mobile number of the user, case number, 
time used in minutes and total NIHSS) was sent directly 
to a secure database provided by Tjenester for sensitive 
data (TSD) at the University of Oslo.

Mobile application
The ParaNASPP application is based on pictograms 
and text guiding the scorer through the NIHSS exam-
ination. Each of the items in the standard paper version 
of NIHSS is made as a separate screen in the applica-
tion, and all scoring options have their own pictogram 
showing the corresponding symptom. This makes the 
application easy to use and the scoring process more 
intuitive.

Once an item has been scored the application auto-
matically moves on to the next item. When all items 
of the NIHSS is completed a summary screen showing 
the total score and all separate items appears. In addi-
tion, for future use in the clinical ParaNASPP study15 
with data transfer to the on-call stroke physician, it 
prompts registration of time of onset, sex, age, blood 
pressure, blood glucose and anti-thrombotic medica-
tion in addition to NIHSS. In this study, a modified 
version of the application limited to NIHSS registra-
tion was used. Figure 1 is an example of a pictogram.
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Control group
The control group used the validated Norwegian 
NIHSS paper version provided by the study group19 
(online supplemental material I). Time intervals were 
recorded by the participants, form video start to 
completed NIHSS score. The study form including 
time recordings, every aspect of NIHSS and total 
NIHSS score was returned to the research team and 
manually transferred to TSD.

Patient and public involvement
No patients were involved in this study. We used a 
voluntary physician working with stroke to act out all 

the cases to ensure that each participant had the same 
cases and symptoms to score.

STATISTICS
The ParaNASPP application and standard paper scor-
ings were compared with the predefined score of 
each video using Bland-Altman’s method for method 
comparison.20 The 95% limits of agreement (LoA) 
were calculated for each Bland-Altman plot. A width 
of the LoAs of ±3 points was a priori deemed a clin-
ically acceptable variation in NIHSS measurements.21 
Separate comparisons between each of the application 
and control subgroups and the predefined score were 
calculated, as well as a direct assessment of agreement 
between NIHSS scores when using the application 
and paper using a mixed models generalisation of the 
Bland-Altman approach.22

A dichotomisation of the continuous NIHSS scores 
into two categories: a low score group (NIHSS ≤5) 
and a high score group (NIHSS ≥6) was performed. 
This cut-off was selected as it is considered clinically 
relevant as NIHSS ≥6 is often used as an eligibility 
criterion for endovascular therapy and has a rela-
tively high sensitivity for detecting LVO.23–25 Cohen’s 
kappa inter-rater agreement was performed to calcu-
late agreement between the scripted score of each case 
and the score in the application and paper groups, 
respectively. A score variability leading to a change in 
category was considered to potentially result in altered 
triage and treatment options. Since a mixed method 
Cohen’s kappa for comparing multiple raters does not 
exist, a crude Cohen’s kappa estimate for comparing 
NIHSS scores between application and control groups, 
combining all value pairs in the same cross table, was 
performed. Kappa ≤0.2 represents poor agreement, 
0.21–0.4 fair agreement, 0.41–0.6 moderate agree-
ment, 0.61–0.80 good agreement and 0.81–1.0 very 
good agreement.26

Statistical analysis was performed with R V.4.0.3 and 
STATA statistical software (V.16.1).

RESULTS
Of the 25 enrolled physicians working with stroke, 23 
completed the study tasks, of which nine were neurol-
ogists, 13 were resident neurologists and one was a 
resident in geriatrics, while two opted out without 
returning their scores. Median clinical experience of 
participating physicians was 5.5 years, with a range 
of 0.7–20 years. Overall, 10 of 23 participants were 
NIHSS certified.18 There were no major differences 
in baseline characteristics between the participants 
randomised to application or control groups (table 1).

The application group scored NIHSS with a mean 
difference of 0.19 and LoA from −2.33 to 2.71 as 
compared with the predefined scores. For the paper 
group, the mean difference was −0.027 and LoA from 
−2.60 to 2.55 as compared with the predefined scores. 
Figure 2 shows the corresponding Bland-Altman plots. 

Figure 1  Level of consciousness command 1c as shown in 
application. NIHSS, National Institutes of Health Stroke Scale.
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Given the clinical significance of NIHSS values being 
≤5 or ≥6, we calculated LoAs also for these subsets 
separately. For the application subgroups, the LoA was 
−0.70 to 1.34, with mean difference 0.32 for NIHSS 
scores ≤5 and −2.91 to 3.14 with a mean difference of 
0.12 for NIHSS scores ≥6. In the control subgroups, 
the ≤5 group had 95% LoA from −1.34 to 1.49 with 
a mean difference of 0.08. In the NIHSS ≥6 group on 
paper, the 95% LoA was −3.10 to 2.94, with a mean 
difference from the predefined score of −0.08.

In a direct assessment of agreement between the 
application and paper groups, the mean difference was 

0.21 with LoA from −3.12 to 3.55. When compared 
with predefined scores, the inter-rater agreement of 
the dichotomised NIHSS categories (≤5 and ≥6) was 
kappa 0.93 in the application group and kappa 0.89 
in the control group. For predefined scores ≤5, 5.9% 
of the application group scored ≥6, whereas this only 
occurred in 1.3% among the control group. Oppo-
sitely, when predefined scores were ≥6, underestima-
tion of the scores happened in 1.2% of the application 
scores and 6.9% of the paper scores.

A direct Cohen’s kappa score between the two 
groups showed very good agreement with a kappa 
score of 0.842.

DISCUSSION
Efficiency and accuracy in the hyper-acute phase 
of stroke requires a common language. Prehospital 
NIHSS may ensure that prehospital personnel recog-
nise symptoms of acute stroke; however, better tools 
are needed. The physicians working with stroke using 
the ParaNASPP application has very good inter-rater 
agreement of NIHSS scores compared with physicians 
working with stroke in the control group using the 
conventional paper version.

When comparing the application group and the 
control group to the predefined NIHSS scores, both 
groups had similar scores to the predefined score, 

Table 1  Baseline characteristics of application and control 
groups

Application Control

Participants 12 11
Specialist 5 4
Median years 
experience

5 years and 3 months
(5.28 years)
Min: 0.66
Max: 20

5 years and 9 months
(5.76 years)
Min: 1
Max: 18

Hospital AHUS: 10
Molde: 2

AHUS: 9
Molde: 2

NIHSS certification 5 5
AHUS, Akershus University Hospital; NIHSS, National Institutes of Health 
Stroke Scale.

Figure 2  (A) Shows National Institutes of Health Stroke Scale (NIHSS) scores form the application group versus the predefined 
scores for each case. (B) Bland-Altman (BA) plot for application group versus predefined scores. (C) NIHSS scores from control group 
versus predefined scores. (D) Bland-Altman plot for control groups versus predefined NIHSS scores.
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within the ±3 point margin that we had deemed a 
good result. The mean difference was slightly higher 
in the application group than in the paper groups. In 
the direct comparison of the application to the paper 
group, the mean was slightly higher in the application 
group. This is suggestive of slightly higher NIHSS 
scores being given in the application group, though the 
variance is most correctly portrayed using the LoAs.

When exploring the dichotomised NIHSS catego-
ries, the LoAs in both the application group and the 
paper group were narrower for the low score cate-
gory (NIHSS ≤5). For the groups in total and for the 
NIHSS score ≤5 subgroups, all 95% LoAs were within 
the predetermined ±3 points. There was very good 
agreement of NIHSS scores between the application 
group and the paper groups with a Cohen’s kappa of 
0.84. A clinical test is valid if it accurately portrays 
or describes the symptoms of a patient. In our study, 
there is a difference of more than our predefined ±3 
points between the application and the paper groups; 
however, the accuracy between the application and the 
predefined score is very good. Hence, despite being 
outside our strict margins (when the application is 
directly compared with the paper scores), the appli-
cation still accurately portrays the actual symptoms 
enacted in the videos. In our study setting, and unlike 
the real world, we had a predefined, correct score for 
each case. One could argue that the ±3 points limit is 
best applied to this correct score, and not to the scores 
from the control group. The low score subgroups had 
narrower LoAs compared with the high score groups, 
which is of more importance when the stroke symp-
toms are subtle. A change of ±3 points might change 
the triage of the patient in the low score group, while 
a three point difference will be less likely to influence 
treatment decisions in the high score group.

For the dichotomisation of NIHSS into groups 
≤5 and ≥6 as a cut-off point was chosen as this is in 
accordance with other studies and has been proposed 
as a limit for identifying LVO.24 27 In the application 
group, there was a tendency of over-scoring, and more 
cases with a predefined score of ≤5 were scored as ≥6, 
while the paper group tended towards lower scores 
and had more cases defined as ≥6 scored as ≤5. Over-
estimation of scores while using the application could 
potentially lead to an over-triage of patients who had 
a suspected stroke. An over-triage of 30% is currently 
considered acceptable, cost beneficial and necessary 
to ensure patients suffering stroke do not miss treat-
ment options.28 29 Over-triage from an application to 
be used in a prehospital setting is in accordance with 
this and likely benefits patients suffering from stroke.

Overall, our results show very good inter-rater 
agreement between scores obtained by the applica-
tion group compared with both the predefined scores 
and the paper group scores. NIHSS is a broader and 
more thorough examination than the other prehos-
pital stroke scales, with better diagnostic accuracy and 

the advantage that it is also used in-hospital. Using 
the same examination, prehospital and in-hospital, 
ensure compatible communication through the stroke 
treatment chain. These results are reassuring for the 
use in the prehospital setting. The ParaNASPP appli-
cation also transfers the results from the prehospital 
examination to the in-hospital stroke team, ensuring 
that safe handover of patient information. The Para-
NASPP application including prehospital NIHSS will 
be further tested in the large prehospital randomised 
clinical trial (ParaNASPP).

Limitations
Not all the participants in this validation study were 
certified in NIHSS, and this may have contributed to 
a larger spread within both the application and paper 
groups, but is likely to represent a generalisable sample 
of Norwegian physicians working with stroke. This 
study only uses videos of a physician acting cases with 
different stroke symptoms, and not real patients. This 
is a limitation as the application is not tested assessing 
patients in a real clinical setting in this study, but also 
a strength as the video format provides standardised 
cases to score and ensures that both groups assess 
equivalent stroke symptoms.

The lack of a proper statistical method for calculating 
a Cohen’s kappa directly between the application and 
the paper group that adjust for replicate measurement 
and multiple raters is another limitation. Still, the 
comparison between the groups and the predefined 
scores gives a very good indicator that the application 
can be used to accurately assess stroke symptoms.

CONCLUSION
The ParaNASPP application groups had very good 
agreement of NIHSS scores compared with the 
predefined NIHSS scores, with the application 
performing slightly better than the paper version. 
We consider the application validated and ready to 
be tested in a clinical environment. The ParaNASPP 
study will provide further evidence if the application 
improves prehospital identification of stroke.
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