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Abstract

Background: Stroke treatment has significantly improved over the last decades, but the complexity of stroke cases requires
specialized care through dedicated teams with specific knowledge and training. The National Institutes of Health Stroke Scale
(NIHSS), widely used to assess neurological deficits and make treatment decisions, is reliable but requires specific training and
certification. The traditional didactic training method, based on a video, may not adequately address certain NIHSS intricacies
nor engage health care professionals (HCPs) in continuous learning, leading to suboptimal proficiency. In the context of
time-constrained clinical settings, highly interactive e-learning could be a promising alternative for NIHSS knowledge acquisition
and retention.

Objective: This study aimed to assess the efficacy of a highly interactive e-learning module compared with a traditional didactic
video in improving NIHSS knowledge among previously trained HCPs. Furthermore, its impact on knowledge retention was also
assessed.

Methods: A prospective, multicentric, triple-blind, and web-based randomized controlled trial was conducted in 3 Swiss
university hospitals, involving HCPs previously trained in NIHSS. Invitations were sent through email, and participants were
randomized to either the e-learning or traditional didactic video group through a fully automated process upon self-registration
on the website. A 50-question quiz was administered before and after exposure to the training method, and scores were compared
to assess knowledge acquisition. The quiz was repeated after 1 month to evaluate retention. Subjective assessments of learning
methods that is, user satisfaction, probability of recommendation, perceived difficulty, and perception of duration, were also
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collected through a Likert-scale questionnaire. A sample size of 72 participants were deemed necessary to have an 80% chance
of detecting a difference of 2 points in the postcourse quiz between groups at the 5% significance level.

Results: Invitations to participate were sent through email to an estimated 325 HCPs. 174 HCPs enrolled in the study, of which
97 completed the study course. Both learning methods significantly improved NIHSS knowledge, with an improvement of 3.2
(range 2.0-4.3) points in the e-learning group and of 2.1 (1.2-3.1) points in the video group. However, the e-learning group
performed better, with higher scores in knowledge acquisition (median score 39.0, IQR 36.0-41.0 vs 37, IQR 34.0-39.0; P=.03)
and in knowledge retention (mean score 38.2, 95% CI 36.7-39.7 vs 35.8, 95% CI 34.8-36.8; P=.007). Participants in the e-learning
group were more likely to recommend the learning method (77% vs 49%, P=.02), while no significant difference was found for
satisfaction (P=.17), perceived duration (P=.17), and difficulty (P=.32).

Conclusions: A highly interactive e-learning module was found to be an effective asynchronous method for NIHSS knowledge
acquisition and retention in previously NIHSS-trained HCPs, and may now be considered for inclusion in NIHSS training programs
for HCPs.

International Registered Report Identifier (IRRID): RR2-10.3390/healthcare9111460

(J Med Internet Res 2025;27:e63136) doi: 10.2196/63136
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Introduction

Background
Despite the decline in stroke incidence and mortality since 1990,
the absolute number of stroke cases are increasing due to the
steep growth in the global population, along with an aging
demographic and a greater burden of risk factors across many
parts of the world [1]. Hence, stroke remains a major public
health issue due to its high morbidity rates [2]. Acute reperfusion
therapies, such as intravenous thrombolysis and thrombectomy,
improve functional and survival prognosis after stroke [3,4].
However, patients must be carefully screened and selected, and
these procedures must be performed within a limited timeframe,
due to risks and complications associated with the treatment
[3].

The National Institutes of Health Stroke Scale (NIHSS) is widely
used around the world to triage, select treatment strategies,
monitor and follow-up stroke patients [3,5]. First described in
the late 1980s, it gained popularity after the publication of the
first successful acute stroke treatment study [5,6]. The reliability
of the NIHSS has been demonstrated across diverse populations
of health care professionals (HCPs) [7,8]. However, prior
training and certification are required [9-14] as it is a complex
scale with numerous subtleties. In Switzerland, national stroke
center and stroke unit certification procedures specify that all
personnel must be appropriately trained. In the French-speaking
part of Switzerland, all HCPs working in stroke units should be
familiar with NIHSS. However, the training program, usually
comprised of formal teaching sessions with a senior neurologist
and bedside clinical training, is non standardized and
center-specific [15-17].

Constraints of working in these 24-hour acute care units, such
as unexpected inflow of patients, and weekend and night shift
patterns, can limit HCPs exposure to regular clinical training
sessions. The absence of time constraints and the self-paced
nature of asynchronous digital learning methods such as
electronic learning (e-learning) modules have contributed to

their popularity in medical education [18], and have been
extensively used during the COVID-19 pandemic [19,20].
Hence, a highly interactive e-learning module was created to
teach the NIHSS [21]. Its use has been shown to improve user
satisfaction, knowledge acquisition as well as dissemination in
NIHSS-naive populations, when compared with the traditional
didactic video alone [22,23].

Despite widespread usage of the NIHSS, little literature exists
on the actual performance of HCPs using it on a regular basis.
Over time, with routine practice and bedside training, some key
aspects of NIHSS scoring may be overlooked, improperly
practiced, or forgotten. Therefore, we hypothesized that even
previously trained HCPs may have suboptimal NIHSS
knowledge and that a refresher course using an e-learning
module could be more effective than the traditional didactic
video at improving their NIHSS proficiency. Further, we also
hypothesized that knowledge retention at 1 month would be
higher after following this interactive module than after
reviewing the standard didactic video.

Given the heterogeneity of training described above, all HCPs
authorized by their employers to care for neurological patients
on a regular basis were considered eligible to participate in this
study.

Objectives
Our primary objective was to assess whether NIHSS-trained
HCPs would significantly improve their NIHSS knowledge
after completing a highly interactive e-learning module than
after following the traditional didactic video. The secondary
objective was to determine whether following either training
material allowed better retention of knowledge at one month.

Methods

Study Design and Setting
This was a prospective, multicentric, web-based, triple-blind
(participants, investigators, and data analyst) randomized
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controlled trial. Its main aim was to compare scores to a
50-question quiz, taken before and after exposure to the
randomly assigned learning method, to assess the impact on

knowledge acquisition. The same quiz was repeated 1 month
later to assess the impact on knowledge retention. Figure 1
provides a detailed infographic of the study design.

Figure 1. Study design.

This study was initially designed to include HCPs from the
stroke units and neurology wards of 2 university hospitals in
the French-speaking part of Switzerland, namely the Geneva
University Hospitals and the Lausanne University Hospital. A
third center, the Cantonal Hospital of Fribourg, joined the study
a few weeks before its launch. Cantonal Hospital of Fribourg
supervisors also extended the study invitation to all their
personnel who potentially used the NIHSS on a regular basis,
which included intensive care unit HCPs and emergency ward
nurses.

The medical and nursing supervisors of all 3 centers forwarded
an invitation email to their teams, containing a summary of the
main points of the study and a link to the online platform. It is
estimated that approximately 185 nurses and 140 physicians
received this email. One author (L Suppan) sent weekly email
updates to the supervisors of each center summarizing the
number of participants in each hospital, stratified by profession.
This email also detailed the number of participants at each stage
of the study, thus enabling supervisors to monitor participation.
Reminder emails regarding enrolment were left to the discretion
of the supervisors. Automatic reminders were sent to participants
who had registered on the platform but had not completed the
required and appropriate study steps.

The initial invitation email was sent in July 2022. Enrollment
and registration of new participants was disabled on March 31,
2023, and ongoing participants were invited to complete all
steps by May 31, 2023. While the study platform remained
accessible for scientific purposes such as further data extraction,
users were no longer able to log in.

The study protocol has been previously published [24] and
protocol deviations are reported in Multimedia Appendix 1.

CONSORT-EHEALTH (Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and Online
Telehealth) guidelines [25] and checklist (Multimedia Appendix
2) were followed, integrating relevant elements from the
CHERRIES (Checklist for Reporting Results of Internet
E-Survey) [26] and iCHECK-DH (Guidelines and Checklist for
Reporting on Digital Health Implementations) guidelines [27].

The RCT was not prospectively registered because registration
is not necessary for studies evaluating the effect of interventions
on providers rather than patients [28].

Online Platform
The internet-based online study platform, compliant with
General Data Protection Regulation, was created using the
Joomla 3.10 content management system (Open Source Matters).
Participants were assigned to specific user groups according to
their progression using Joomla’s Access Control List. Custom
PHP code was embedded using Sourcerer 9 (Regular Labs) to
manage user group assignments.

The self-enrolment process was entirely automated. The first
page of the website contained all necessary information
regarding the study, and the consent information form was
downloadable. Participants were explicitly informed that
completing the registration process implied consent to participate
in the study. Those who wished to enroll had to click on the
logo of their hospital before acknowledging their profession
(doctor or nurse) by clicking on a captioned image. This
procedure invisibly randomized them either to the video or to
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the e-learning group using Gegabyte’s Random Article module
2.3. A 1:1 allocation was not possible due to the stratification
by profession and center, and an unknown total number of
participants. Participants were then asked to self-evaluate their
current NIHSS knowledge (limited, moderate, or extended).
The Membership Pro 3 component (Joomdonation) was then
used to show a simple registration form that only asked for an
email address and a secure password.

First Questionnaire
After completing the registration process, participants were
asked to fill in a first questionnaire (Multimedia Appendix 3)
designed to collect demographic data, administered using the
Community Surveys 5.6 component (Shondalai) [29]. A detailed
description of the first questionnaire can be found in the study
protocol [24].

Participants then completed a 50-question quiz (Multimedia
Appendix 4) designed to assess their baseline knowledge (quiz
1). Each question, worth 1 point, pertained to 1 of the 15 NIHSS
items. All possible scores for that item were displayed and the
participant had to choose the appropriate score. The quiz
comprised a full NIHSS evaluation of 3 patients, for a total of
45 points. A total of 5 additional questions pertained to the
general principles of NIHSS and certain subtleties, bringing the
total to 50 points. All questions were mandatory, with
multiple-choice answers to choose from.

Completion of this first quiz granted access to the allocated
learning material as per randomization.

Learning Material and Second Questionnaire
The video group was given access to the original video created
by Professor Lyden, of a duration of 53:07 minutes. The French
subtitled version used for this study is freely available online
under a Creative Commons license [30].

The e-learning group was given access to version 21c of the
interactive e-learning module created under Storyline 3
(Articulate Global), also available freely online under a Creative
Commons license [21]. This web-based module, which contains
184 slides, is divided into chapters following the NIHSS
structure. Subtitled excerpts of Professor Lyden’s original video
are embedded into the different chapters to illustrate clinical
testing. This e-learning module has been extensively described
in previous publications as well as in the protocol of this study
[22-24].

Participants had full control of the allocated learning material,
could go back and forth as often as needed, and pause, resume,
restart, and review chapters, all without constraints or time
limitations. Upon completion of the learning material,
participants were then taken through the same 50-question quiz
to assess knowledge acquisition (quiz 2).

This quiz was followed by a short satisfaction survey collecting
subjective outcomes (ie, satisfaction, difficulty, duration, and
likelihood of recommendation) using a 5-point Likert scale
(Multimedia Appendix 5).

Knowledge Retention
Four weeks after completion of the satisfaction survey,
participants were invited through email to complete the final
quiz. They were asked to answer the 50-question quiz a third
time to assess knowledge retention (quiz 3). At the end of this
quiz, a certificate of participation was automatically generated
that could be downloaded and printed. Only the email ID used
for registration appeared automatically on the certificate, and
participants were asked to write their names down after printing
it. Each certificate was embedded with a unique barcode that
could be scanned for verification of authenticity.

Outcomes
The primary outcome was knowledge acquisition, assessed by
the score on the second quiz, taken after completing the learning
material.

Secondary outcomes were knowledge retention, assessed by
the score on the third quiz undertaken at least 1 month after
completion of the learning material, and subjective assessments
of the followed learning method, namely user satisfaction, user
perception of the duration, perceived difficulty, and the
likelihood of recommending the learning material to a colleague.

Participants and Sample Size
A total of 72 participants were required to have 80% chance of
detecting a difference of 2 points in the postcourse 50-question
quiz between groups at the 5% significance level. Considering
a 40% attrition rate, we aimed to recruit 120 participants. A
higher number of participants were accepted as participation
did not entail any risk.

Data Curation and Statistical Analysis
Data curation and statistical analysis were carried out using
Stata (version 15.1; StataCorp). Data curation was done by 1
author (L Suppan), who assigned neutral names to the e-learning
group and the video group. Another author (L Stuby) was then
given this curated and blinded DTA file for data analysis.
Continuous variables were first graphically described to look
for the shape of the distribution. In case of doubtful normality,
the Shapiro-Wilk test was applied. Then, depending on the
variable’s distribution, either the Student t test or the
Mann-Whitney U test were used. Results are reported either
using mean (95% CI) or median (IQR).

A sensitivity analysis was performed by excluding those who
had previously followed either the e-learning module, the
original video from Patrick Lyden [20], or any other official
NIHSS training. Categorical variables (eg, Likert scales) were
first analyzed graphically, and then by Fisher exact test.

The time interval between the end of quiz 2 and the start of quiz
3 was also analyzed to ensure that the time elapsed before
assessing retention was not lower than required as per the
original protocol.

Ethical Considerations
The regional ethics committee issued a “Declaration of no
objection” in response to a jurisdictional query that we submitted
(Req-2021-00543), as this study does not involve patients and
falls outside the scope of the Swiss legislation regulating
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research on human subjects. Potential participants were provided
with a detailed 4-page study information document,
downloadable through a link on the study web page. Some of
the key points noted in the document were that participation
was on a voluntary basis, without any financial compensation,
and data was fully anonymized before analysis. Furthermore,
the document, and the study page, clearly indicated that
registering for the study by creating an account was considered
as acceptance to participate in the study. A screenshot of the
study web page, and the consent information document, are
annexed (Multimedia Appendices 6 and 7).

Results

Participants Characteristics
A total of 174 participants enrolled in the study. The fully
automated randomization process attributed 59 participants to
the e-learning group, and 115 participants to the video group
(Figure 2). Characteristics of participants having completed the
study path are described in Table 1. Given the high attrition
rates, the characteristics of the participants who dropped out
were also extracted and are displayed in Multimedia Appendix
8.

Figure 2. Study flowchart as per CONSORT guidelines. CONSORT: Consolidated Standards of Reporting Trials.
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Table 1. Characteristics of participants having completed the study path.

Video group (n=67)e-Learning group (n=43)Characteristicsa

32 (29-38)32 (27-41)Age (years), median (IQR)

Gender, n (%)

52 (77.6)33 (76.7)Female

15 (22.4)10 (23.3)Male

Profession, n (%)

49 (73.1)26 (60.5)Nurse

18 (26.9)17 (39.5)Physician

8 (2-13)6 (2-12)Time since certification (years), median (IQR)

Center, n (%)

30 (44.8)13 (30.2)HUGb

6 (9)7 (16.3)CHUVc

31 (46.3)23 (53.5)HFRd

Service, n (%)

11 (16.4)10 (23.3)Ward

34 (50.8)13 (30.2)HDUe

3 (4.5)0 (0.0)ICUf

12 (17.9)13 (30.2)EDg

7 (10.5)7 (16.3)Other

3 (1-5)2 (0-5)Time in main service (years), median (IQR)

French mastery, n (%)

0 (0)0 (0)None

0 (0)0 (0)Basic

0 (0)1 (2.3)Intermediate

9 (13.4)3 (7)Advanced

58 (86.6)39 (90.7)Proficient

English mastery, n (%)

4 (6)3 (7)None

25 (37.3)10 (23.3)Basic

24 (35.8)12 (27.9)Intermediate

14 (20.9)17 (39.5)Advanced

0 (0)1 (2.3)Proficient

NIHSSh training

38 (56.7)19 (44.2)NIHSS internal training, n (%)

5 (7.5)2 (4.7)NIHSS official training, n (%)

3 (1-5)3 (1-7)Using NIHSS since, (years), median (IQR)

NIHSS use frequency, n (%)

3 (4.5)6 (14)<1/month

10 (14.9)7 (16.3)1×/month

14 (20.9)8 (18.6)1×/week

8 (11.9)6 (14)1×/day
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Video group (n=67)e-Learning group (n=43)Characteristicsa

32 (47.8)16 (37.2)>1×/day

Comfort with NIHSS use, n (%)

1 (1.5)3 (7)Not comfortable at all

6 (9)7 (16.3)Not so comfortable

17 (25.4)13 (30.2)Moderately comfortable

32 (47.8)15 (34.9)Quite comfortable

11 (16.4)5 (11.6)Very comfortable

NIHSS expertise, n (%)

15 (22.4)14 (32.6)Limited

22 (32.8)20 (46.5)Moderate

30 (44.8)9 (20.9)Extended

34.6 (33.8-35.3)34.9 (33.7-36.2)Baseline performance (quiz 1), mean (95% CI)

aTotal may not be exactly 100% due to rounding.
bHUG: Geneva University Hospitals.
cCHUV: Lausanne University Hospital.
dHFR: Fribourg Cantonal Hospital.
eHDU: high dependency unit.
fICU: intensive care unit.
gED: emergency department.
hNIHSS: National Institutes of Health Stroke Scale.

Participation According to Group Allocation
A difference of 10.5% in the participation rate was found, with
37/59 (62.7%) participants completing the study course in the
e-learning group versus 60/115 (52.2%) in the video group.

Knowledge Acquisition
Both learning methods had a positive impact on knowledge
acquisition as both groups improved their scores. The

improvement in the e-learning group was a mean of 3.2 points
(range 2.0-4.3) and of 2.1 points (range 1.2-3.1) in the video
group.

Participants who followed the e-learning method performed
better in the acquisition quiz than the participants in the video
group (median score of 39, IQR 36-41 vs 37, IQR 34-39; P=.03;
Figure 3).

Figure 3. NIHSS knowledge acquisition scores (quiz 2) among groups. NIHSS: National Institutes of Health Stroke Scale.
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Knowledge Retention
The participants who followed the e-learning module had

significantly higher scores on the retention quiz (38.2, 95% CI
36.7-39.7 vs 35.8, 95% CI 34.8-36.8; P=.007; Figure 4).

Figure 4. NIHSS knowledge retention scores (quiz 3) among groups. NIHSS: National Institutes of Health Stroke Scale.

Subjective Assessments
All participants who completed the learning method answered
the subjective questionnaire. The likelihood of recommending
the learning method was statistically higher in the e-learning

group, with 33/43 (77%) participants in the e-learning group
and 33/67 (49%) participants in the video group (P=.02; Figure
5). There was no significant difference regarding satisfaction
(P=.17), perceived duration (P=.17), and difficulty (P=.32)
(Multimedia Appendices 9-11).

Figure 5. Likelihood of recommending the learning method to a colleague.

Sensitivity Analysis
The prespecified sensitivity analysis (ie, excluding those who
had previously followed either learning method or any official
NIHSS training) did not change the results (Table 2).
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Table 2. Sensitivity analyses.

P valueVideoe-Learning

.0236 (34-39), 5939 (37-41), 40Sensitivity analysis of primary outcome (knowledge acquisition),
median (IQR), n

.00735.6 (34.5-36.7), 5238.2 (36.6-39.7), 33Sensitivity analysis of knowledge retention, mean (95% CI), n

Time Interval Analysis
Time interval analysis confirmed that about a month had elapsed
between the start of quiz 2 and the start of quiz 3 in both groups
(e-learning versus video median of 36.0, IQR 27.4-49.0 versus
35.3, IQR 28.3-58.9 days).

Discussion

Principal Findings
This study shows that when compared with the traditional
didactic video, a highly interactive e-learning module improves
NIHSS knowledge acquisition and retention in HCPs caring for
patients with stroke.

Decline in knowledge retention has been shown to be nonlinear,
with a high percentage of decline measurable after only 4 weeks
of acquisition [31]. The higher scores at quiz 3, undertaken at
least 4 weeks after quiz 2, demonstrate that this interactive
e-learning module also has a significant impact on knowledge
retention.

Although both learning methods were considered equally
difficult, participants of the e-learning group expressed a higher
likelihood of recommending the learning method to colleagues,
and thus would probably facilitate knowledge dissemination.
Further, it is worth noting that the number of participants who
completed the learning process was higher in the e-learning
group by more than 10%, also hinting toward higher satisfaction
in this group.

Comparison to Previous Work
Previous studies have shown a positive impact of the e-learning
module on knowledge acquisition among paramedics and
medical students not familiar with the NIHSS [22,23]. However,
this is the first study to show similar results in HCPs with prior
NIHSS knowledge. This is also the first study to test for impact
on knowledge retention as mentioned above.

Strengths and Limitations
Several limitations must be acknowledged. First, attrition rates,
as anticipated, were high in both groups. This is probably related
to the fact that the entire study path takes a long time, requiring
4 to 5 hours to be completed and that there is currently a very
high rate of fatigue among HCPs, with high turnover rates [32].
The study was conducted over a prolonged period of 11 months
and participants were allowed to pause and resume the study at
any time to try to minimize this issue.

Second, participants were informed that the study was to be
completed individually and without any visual support such as
a NIHSS form during the quiz. However, given the web-based
asynchronous design of the study, we are unable to verify

compliance to these points. The randomization however
mitigates this issue, should it hold true.

Third, there is no certainty that multiple participants following
different learning methods did not collaborate during this study,
creating a potential contamination in the learning process. While
a cluster-based randomization, with each center being an
individual cluster, could have mitigated this risk, the large
sample size required for such a design would have seriously
impacted the feasibility of this study. In addition, based on their
teaching experience with the study participants, the authors and
supervisors strongly believe that the risk of such contamination
is very low.

Fourth, the improvement of the score at each repetition could
be partly induced by a priming effect. However, this effect
would be similar across both groups and therefore should not
induce any bias in data interpretation when comparing both
groups.

Finally, trying to determine NIHSS knowledge by using a
50-question quiz cannot be considered fully representative of
the skills in the clinical application of the score. However, this
method has been used for the previous 2 decades to test NIHSS
competency [11,14,33]. Its usage can therefore be considered
valid to compare multiple learning methods.

This study also has some strong points, which are mentioned
here. To our knowledge, this is the first paper that assesses the
impact of an e-learning method on a population of previously
trained HCPs, in terms of knowledge acquisition and retention.
The protocol was published before starting this study, and
deviations from the protocol have been thoroughly detailed in
this paper (Multimedia Appendix 1). The randomization process
was fully automated enabling us to guarantee the concealment
of allocation, and data blinding was accomplished at the highest
standard. The elapsed time between the second and third quizzes
was assessed to ensure that the interval was indeed more than
1 month, thus ensuring compliance with the protocol.

Because language proficiency could have an impact on learning
performance, participants were asked about their levels of
English and French in the initial demographic questionnaire.
Although randomization was intended to guarantee an equal
balance of these elements in each group, the comparison allowed
us to ascertain it.

The e-learning module itself also has certain advantages. Access
to the official NIHSS training and certification could be limited
by financial constraints and linguistic barriers, as most
participating HCPs are French-speaking. This e-learning module
is freely available online, its asynchronous learning design is
particularly adapted to HCPs constraints, and it can easily be
translated into different languages. The intrinsic design of the
platform also enables quick updates of individual chapters if
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needed in the future. All these points allow easier dissemination
of NIHSS knowledge and skills through e-learning than with
the traditional didactic English video alone.

Future Directions
Compared with previous studies in populations not familiar
with the NIHSS [22,23], the overall scores are slightly higher.
However, these scores are lower than could be expected given
the specific study population of HCPs with previous NIHSS
knowledge using the scale on a regular basis. Several hypotheses
could explain this finding. First, baseline data analysis shows
that 15% of participants declare themselves uncomfortable with
the application of NIHSS, 26% consider themselves as having
limited NIHSS knowledge, and only 7 participants have
followed the official NIHSS training and certification.
Furthermore, only about half the HCPs participating in this
study declare having been through the internal training program
of their institution. These low numbers could partly be explained
by a high turnover currently seen in HCPs in general since the
COVID-19 pandemic [34,35], with many new staff members
who might have recently started working in these units as
reflected by the low number of years the participants have been
in their service. Moreover, some of the participants, such as
Intensive care unit HCPs and emergency ward nurses, may have
less exposure to NIHSS usage in their daily practice. Further
studies should investigate the association between self-assessed

level of NIHSS expertise, and frequency of exposition to the
score, with the actual NIHSS knowledge.

The videos used for the quiz could also have an impact on the
overall scores. A previous study [23], using the first edition of
the e-learning module, had shown that the lack of video extracts,
or graphic examples of neurological deficits, decreased the
performance of candidates for certain chapters. An updated
version integrating the missing video extracts showed that the
performance of the same chapters improved [22]. However,
feedback from previous study participants and discussions with
experts correlate to say that some of the video excerpts in the
e-learning or in the quiz could contain some ambiguity and
leave room for some interpretation, for example, due to camera
angles. We believe that this could in part explain some incorrect
scoring and thus reduce the overall scores, and that replacing
the videos with animated models demonstrating the neurological
deficits more clearly could improve overall performance at
testing.

Conclusion
A highly interactive e-learning module was found to be an
effective asynchronous method to improve NIHSS knowledge
acquisition and retention, notably in previously NIHSS-trained
HCPs. It may now be considered for inclusion in NIHSS training
programs for HCPs.

Acknowledgments
The authors would like to thank all participants for their valuable time, and the numerous supervisors for facilitating this study.

Further, the authors would also like to thank the University of Geneva for sponsoring publication fees, as per institutional
guidelines.

Data Availability
The datasets generated during and/or analyzed during this study are available in the Yareta repository [36].

Authors' Contributions
L Suppan, MS, EC, PM, L Stuby and AK contributed to conceptualization and methodology. MS, L Suppan, L Stuby, and AK
handled software and project administration. L Suppan contributed to supervision. AK, L Suppan, MS, FM, TS, FR, EC, NMP,
PM, and L Stuby conducted investigations. L Suppan and MS handled data curation. L Stuby performed formal analysis. AK, L
Suppan, and L Stuby contributed to writing-original draft preparation. All the authors performed writing-review and editing.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Protocol deviations.
[PDF File (Adobe PDF File), 52 KB-Multimedia Appendix 1]

Multimedia Appendix 2
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 1798 KB-Multimedia Appendix 2]

Multimedia Appendix 3
First questionnaire.
[DOC File , 43 KB-Multimedia Appendix 3]

J Med Internet Res 2025 | vol. 27 | e63136 | p. 10https://www.jmir.org/2025/1/e63136
(page number not for citation purposes)

Koka et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app1.pdf&filename=63743241f2390fb9d122e8b73a7e0861.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app1.pdf&filename=63743241f2390fb9d122e8b73a7e0861.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app2.pdf&filename=a6ccde52b2f2331454aa5ae190d6ea95.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app2.pdf&filename=a6ccde52b2f2331454aa5ae190d6ea95.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app3.doc&filename=48db380d64f1ee71fe88cf5120899d1d.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app3.doc&filename=48db380d64f1ee71fe88cf5120899d1d.doc
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 4
50 Questions quiz.
[XLSX File (Microsoft Excel File), 13 KB-Multimedia Appendix 4]

Multimedia Appendix 5
Satisfaction Survey questionnaire.
[DOC File , 40 KB-Multimedia Appendix 5]

Multimedia Appendix 6
Study webpage screenshot.
[PDF File (Adobe PDF File), 158 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Study consent form.
[PDF File (Adobe PDF File), 449 KB-Multimedia Appendix 7]

Multimedia Appendix 8
Characteristics of all participants.
[DOC File , 51 KB-Multimedia Appendix 8]

Multimedia Appendix 9
User satisfaction of learning method.
[PNG File , 106 KB-Multimedia Appendix 9]

Multimedia Appendix 10
Perceived difficulty of the learning method.
[PNG File , 108 KB-Multimedia Appendix 10]

Multimedia Appendix 11
Perceived duration of the learning method.
[PNG File , 104 KB-Multimedia Appendix 11]

References

1. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic
analysis for the global burden of disease study 2019. Lancet Neurol. 2021;20(10):795-820. [FREE Full text] [doi:
10.1016/S1474-4422(21)00252-0] [Medline: 34487721]

2. Donkor ES. Stroke in the 21 century: a snapshot of the burden, epidemiology, and quality of life. Stroke Res Treat.
2018;2018:3238165. [FREE Full text] [doi: 10.1155/2018/3238165] [Medline: 30598741]

3. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et al. American Heart Association Stroke
Council. 2018 guidelines for the early management of patients with acute ischemic stroke: a guideline for healthcare
professionals from the American heart association/American stroke association. Stroke. 2018;49(3):e46-e110. [FREE Full
text] [doi: 10.1161/STR.0000000000000158] [Medline: 29367334]

4. Langhorne P. The Stroke unit story: where have we been and where are we going? Cerebrovasc Dis. 2021;50(6):636-643.
[FREE Full text] [doi: 10.1159/000518934] [Medline: 34547746]

5. Lyden P. Using the national institutes of health stroke scale: a cautionary tale. Stroke. 2017;48(2):513-519. [doi:
10.1161/STROKEAHA.116.015434] [Medline: 28077454]

6. National Institute of Neurological DisordersStroke rt-PA Stroke Study Group. Tissue plasminogen activator for acute
ischemic stroke. N Engl J Med. 1995;333(24):1581-1587. [doi: 10.1056/NEJM199512143332401] [Medline: 7477192]

7. Hinkle JL. Reliability and validity of the national institutes of health stroke scale for neuroscience nurses. Stroke.
2014;45(3):e32-e34. [doi: 10.1161/STROKEAHA.113.004243] [Medline: 24496393]

8. Dewey HM, Donnan GA, Freeman EJ, Sharples CM, Macdonell RA, McNeil JJ, et al. Interrater reliability of the national
institutes of health stroke scale: rating by neurologists and nurses in a community-based stroke incidence study. Cerebrovasc
Dis. 1999;9(6):323-327. [doi: 10.1159/000016006] [Medline: 10545689]

J Med Internet Res 2025 | vol. 27 | e63136 | p. 11https://www.jmir.org/2025/1/e63136
(page number not for citation purposes)

Koka et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app4.xlsx&filename=d51aae5a63379a7576026a54f857a6fa.xlsx
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app4.xlsx&filename=d51aae5a63379a7576026a54f857a6fa.xlsx
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app5.doc&filename=1cbe94bc1eff76370bc879b8238fcbbf.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app5.doc&filename=1cbe94bc1eff76370bc879b8238fcbbf.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app6.pdf&filename=781bc1020c183f8613a9b0b45733baf1.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app6.pdf&filename=781bc1020c183f8613a9b0b45733baf1.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app7.pdf&filename=ed595fadedacb597c55fa86a8c8c8e17.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app7.pdf&filename=ed595fadedacb597c55fa86a8c8c8e17.pdf
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app8.doc&filename=7364d3a9dd26bfc90968e7f7a92a5809.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app8.doc&filename=7364d3a9dd26bfc90968e7f7a92a5809.doc
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app9.png&filename=bf3f2916e0ba6eb8235f54a382566920.png
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app9.png&filename=bf3f2916e0ba6eb8235f54a382566920.png
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app10.png&filename=157db8d1a9783d63001cf820dd18e99a.png
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app10.png&filename=157db8d1a9783d63001cf820dd18e99a.png
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app11.png&filename=f13a5d4136acfffcf47a8dff28d47499.png
https://jmir.org/api/download?alt_name=jmir_v27i1e63136_app11.png&filename=f13a5d4136acfffcf47a8dff28d47499.png
https://air.unimi.it/handle/2434/866438
http://dx.doi.org/10.1016/S1474-4422(21)00252-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34487721&dopt=Abstract
https://doi.org/10.1155/2018/3238165
http://dx.doi.org/10.1155/2018/3238165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30598741&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000158?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://www.ahajournals.org/doi/abs/10.1161/STR.0000000000000158?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/STR.0000000000000158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29367334&dopt=Abstract
https://doi.org/10.1159/000518934
http://dx.doi.org/10.1159/000518934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34547746&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.116.015434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28077454&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199512143332401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7477192&dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.113.004243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24496393&dopt=Abstract
http://dx.doi.org/10.1159/000016006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10545689&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Schmülling S, Grond M, Rudolf J, Kiencke P. Training as a prerequisite for reliable use of NIH Stroke Scale. Stroke.
1998;29(6):1258-1259. [doi: 10.1161/01.str.29.6.1258] [Medline: 9626306]

10. André C. The NIH stroke scale is unreliable in untrained hands. J Stroke Cerebrovasc Dis. 2002;11(1):43-46. [doi:
10.1053/jscd.2002.123974] [Medline: 17903854]

11. Lyden P, Raman R, Liu L, Grotta J, Broderick J, Olson S, et al. NIHSS training and certification using a new digital video
disk is reliable. Stroke. 2005;36(11):2446-2449. [doi: 10.1161/01.STR.0000185725.42768.92] [Medline: 16224093]

12. Lyden P, Brott T, Tilley B, Welch KM, Mascha EJ, Levine S, et al. Improved reliability of the NIH stroke scale using video
training. NINDS TPA stroke study group. Stroke. 1994;25(11):2220-2226. [doi: 10.1161/01.str.25.11.2220] [Medline:
7974549]

13. Lyden P. NIH Stroke Scale Training-Part 2-Basic Instruction. URL: https://www.ahajournals.org/doi/10.1161/strokeaha.
116.015434 [accessed 2024-12-13]

14. Lyden P, Brott T, Tilley B, Welch KM, Mascha EJ, Levine S, et al. Improved reliability of the NIH stroke scale using video
training. NINDS TPA stroke study group. Stroke. 1994;25(11):2220-2226. [doi: 10.1161/01.str.25.11.2220] [Medline:
7974549]

15. Critères de qualité pour la certification des stroke centers. Swiss Federation of Clinical Neuro-Societies. URL: https://sfcns.
ch/certification/stroke/re-certification [accessed 2024-01-30]

16. Décision concernant la planification de la médecine hautement spécialisée (MHS) dans le domaine du traitement des
accidents vasculaires cérébraux. Organe de décision MHS. 2011. URL: https://www.gdk-cds.ch/fileadmin/docs/public/gdk/
themen/hsm/hsm_spitalliste/bb_dc_stroke_praez_20110520_def_f.pdf [accessed 2024-02-21]

17. Lyrer PA, Engelter S, Gralla J, Andrea Humm PD, Fandino J, Fischer U, et al. Arbeitsgruppen Stroke Unit. Stroke Units
et Stroke Centers en Suisse. Swiss Med Forum. 2024. [doi: 10.4414/fms.2024.1343858063]

18. Kim KJ, Kim G. Development of e-learning in medical education: 10 years' experience of Korean medical schools. Korean
J Med Educ. 2019;31(3):205-214. [FREE Full text] [doi: 10.3946/kjme.2019.131] [Medline: 31455050]

19. Suppan M, Abbas M, Catho G, Stuby L, Regard S, Achab S, et al. Impact of a serious game (Escape COVID-19) on the
intention to change COVID-19 control practices among employees of long-term care facilities: web-based randomized
controlled trial. J Med Internet Res. 2021;23(3):e27443. [FREE Full text] [doi: 10.2196/27443] [Medline: 33685854]

20. Suppan L, Abbas M, Stuby L, Cottet P, Larribau R, Golay E, et al. Effect of an E-learning module on personal protective
equipment proficiency among prehospital personnel: web-based randomized controlled trial. J Med Internet Res.
2020;22(8):e21265. [FREE Full text] [doi: 10.2196/21265] [Medline: 32747329]

21. Stuby L, Koka A, Suppan L, Suppan M. NIHSS E-learning module 21c. URL: https://nihss-study.ch/e-learning [accessed
2023-11-12]

22. Suppan M, Stuby L, Carrera E, Cottet P, Koka A, Assal F, et al. Asynchronous distance learning of the national institutes
of health stroke scale during the covid-19 pandemic (E-Learning vs Video): randomized controlled trial. J Med Internet
Res. 2021;23(1):e23594. [FREE Full text] [doi: 10.2196/23594] [Medline: 33428581]

23. Koka A, Suppan L, Cottet P, Carrera E, Stuby L, Suppan M. Teaching the national institutes of health stroke scale to
paramedics (E-Learning vs Video): randomized controlled trial. J Med Internet Res. 2020;22(6):e18358. [FREE Full text]
[doi: 10.2196/18358] [Medline: 32299792]

24. Koka A, Suppan M, Carrera E, Fraga-Freijeiro P, Massuk K, Imbeault M, et al. Knowledge retention of the NIH stroke
scale among stroke unit health care workers using video vs. e-learning: protocol for a web-based, randomized controlled
trial. Healthcare (Basel). 2021;9(11):1460. [FREE Full text] [doi: 10.3390/healthcare9111460] [Medline: 34828505]

25. Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of
web-based and mobile health interventions. J Med Internet Res. 2011;13(4):e126. [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

26. Eysenbach G. Improving the quality of web surveys: the checklist for reporting results of internet E-Surveys (CHERRIES).
J Med Internet Res. 2004;6(3):e34. [FREE Full text] [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

27. Perrin Franck C, Babington-Ashaye A, Dietrich D, Bediang G, Veltsos P, Gupta PP, et al. iCHECK-DH: guidelines and
checklist for the reporting on digital health implementations. J Med Internet Res. 2023;25:e46694. [FREE Full text] [doi:
10.2196/46694] [Medline: 37163336]

28. ICMJE | About ICMJE | Clinical Trials Registration. URL: https://icmje.org/about-icmje/faqs/clinical-trials-registration/
[accessed 2024-11-13]

29. Community surveys pro. Corejoomla. 2020. URL: https://extensions.joomla.org/extension/community-surveys/ [accessed
2024-12-13]

30. Suppan M, Stuby L, Koka A, Suppan L. NIHSS Video subtitled in french. 2019. URL: https://nihss-study.ch/video [accessed
2021-06-21]

31. Kamuche FU, Ledman RE. Relationship of time and learning retention. J. Coll. Teach. Learn. TLC. 2005;2(8):25. [doi:
10.19030/tlc.v2i8.1851]

32. Zou X, Liu S, Li J, Chen W, Ye J, Yang Y, et al. Factors associated with healthcare workers' insomnia symptoms and
fatigue in the fight against covid-19, and the role of organizational support. Front Psychiatry. 2021;12:652717. [FREE Full
text] [doi: 10.3389/fpsyt.2021.652717] [Medline: 33841214]

J Med Internet Res 2025 | vol. 27 | e63136 | p. 12https://www.jmir.org/2025/1/e63136
(page number not for citation purposes)

Koka et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1161/01.str.29.6.1258
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9626306&dopt=Abstract
http://dx.doi.org/10.1053/jscd.2002.123974
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17903854&dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000185725.42768.92
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16224093&dopt=Abstract
http://dx.doi.org/10.1161/01.str.25.11.2220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7974549&dopt=Abstract
https://www.ahajournals.org/doi/10.1161/strokeaha.116.015434
https://www.ahajournals.org/doi/10.1161/strokeaha.116.015434
http://dx.doi.org/10.1161/01.str.25.11.2220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7974549&dopt=Abstract
https://sfcns.ch/certification/stroke/re-certification
https://sfcns.ch/certification/stroke/re-certification
https://www.gdk-cds.ch/fileadmin/docs/public/gdk/themen/hsm/hsm_spitalliste/bb_dc_stroke_praez_20110520_def_f.pdf
https://www.gdk-cds.ch/fileadmin/docs/public/gdk/themen/hsm/hsm_spitalliste/bb_dc_stroke_praez_20110520_def_f.pdf
http://dx.doi.org/10.4414/fms.2024.1343858063
https://europepmc.org/abstract/MED/31455050
http://dx.doi.org/10.3946/kjme.2019.131
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31455050&dopt=Abstract
https://www.jmir.org/2021/3/e27443/
http://dx.doi.org/10.2196/27443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33685854&dopt=Abstract
https://www.jmir.org/2020/8/e21265/
http://dx.doi.org/10.2196/21265
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32747329&dopt=Abstract
https://nihss-study.ch/e-learning
https://www.jmir.org/2021/1/e23594/
http://dx.doi.org/10.2196/23594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33428581&dopt=Abstract
https://www.jmir.org/2020/6/e18358/
http://dx.doi.org/10.2196/18358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32299792&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare9111460
http://dx.doi.org/10.3390/healthcare9111460
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34828505&dopt=Abstract
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
https://www.jmir.org/2004/3/e34/
http://dx.doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471760&dopt=Abstract
https://www.jmir.org/2023//e46694/
http://dx.doi.org/10.2196/46694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37163336&dopt=Abstract
https://icmje.org/about-icmje/faqs/clinical-trials-registration/
https://extensions.joomla.org/extension/community-surveys/
https://nihss-study.ch/video
http://dx.doi.org/10.19030/tlc.v2i8.1851
https://europepmc.org/abstract/MED/33841214
https://europepmc.org/abstract/MED/33841214
http://dx.doi.org/10.3389/fpsyt.2021.652717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33841214&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Lyden P, Raman R, Liu L, Emr M, Warren M, Marler J. National institutes of health stroke scale certification is reliable
across multiple venues. Stroke. 2009;40(7):2507-2511. [FREE Full text] [doi: 10.1161/STROKEAHA.108.532069] [Medline:
19520998]

34. Luo M, Guo L, Yu M, Jiang W, Wang H. The psychological and mental impact of coronavirus disease 2019 (COVID-19)
on medical staff and general public - a systematic review and meta-analysis. Psychiatry Res. 2020;291:113190. [FREE Full
text] [doi: 10.1016/j.psychres.2020.113190] [Medline: 32563745]

35. Raso R, Fitzpatrick JJ, Masick K. Nurses' intent to leave their position and the profession during the COVID-19 pandemic.
J Nurs Adm. 2021;51(10):488-494. [doi: 10.1097/NNA.0000000000001052] [Medline: 34519700]

36. NIHSS Retention Study Data | Yareta. 2024. URL: https://yareta.unige.ch/archives/c217b916-d1e7-4d65-ba19-72d04cd5a730
[accessed 2024-09-09]

Abbreviations
CHERRIES: Checklist for Reporting Results of Internet e-Surveys
CONSORT: Consolidated Standards of Reporting Trials
HCP: health care professional
iCHECK-DH: Guidelines and Checklist for Reporting on Digital Health Implementations
NIHSS: National Institutes of Health Stroke Scale

Edited by N Cahill; submitted 11.06.24; peer-reviewed by RT Pinzon, L Yang; comments to author 23.07.24; revised version received
10.09.24; accepted 09.12.24; published 04.03.25

Please cite as:
Koka A, Stuby L, Carrera E, Gabr A, O'Connor M, Missilier Peruzzo N, Waeterloot O, Medlin F, Rigolet F, Schmutz T, Michel P,
Desmettre T, Suppan M, Suppan L
Asynchronous Distance Learning Performance and Knowledge Retention of the National Institutes of Health Stroke Scale Among
Health Care Professionals Using Video or e-Learning: Web-based Randomized Controlled Trial
J Med Internet Res 2025;27:e63136
URL: https://www.jmir.org/2025/1/e63136
doi: 10.2196/63136
PMID: 40053772

©Avinash Koka, Loric Stuby, Emmanuel Carrera, Ahmed Gabr, Margaret O'Connor, Nathalie Missilier Peruzzo, Olivier Waeterloot,
Friedrich Medlin, Fabien Rigolet, Thomas Schmutz, Patrik Michel, Thibaut Desmettre, Mélanie Suppan, Laurent Suppan.
Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 04.03.2025. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research (ISSN 1438-8871), is properly cited. The complete bibliographic information, a link to the
original publication on https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2025 | vol. 27 | e63136 | p. 13https://www.jmir.org/2025/1/e63136
(page number not for citation purposes)

Koka et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/19520998
http://dx.doi.org/10.1161/STROKEAHA.108.532069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19520998&dopt=Abstract
https://europepmc.org/abstract/MED/32563745
https://europepmc.org/abstract/MED/32563745
http://dx.doi.org/10.1016/j.psychres.2020.113190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32563745&dopt=Abstract
http://dx.doi.org/10.1097/NNA.0000000000001052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34519700&dopt=Abstract
https://yareta.unige.ch/archives/c217b916-d1e7-4d65-ba19-72d04cd5a730
https://www.jmir.org/2025/1/e63136
http://dx.doi.org/10.2196/63136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40053772&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

