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ABSTRACT: Background: Up-to-date certification of the National Institutes of Health Stroke Scale (NIHSS) and modified Rankin Scale (mRS)
is often required for clinical trials, representing a significant burden on clinical investigators globally. Aims: This systematic review sought to
determine if NTHSS or mRS training, re-training, certification or recertification led to improvements in the reliability or accuracy of ratings as
well as other relevant user metrics (e.g., user confidence). Results: Among 4227 studies, 100 passed screening and were assessed for eligibility
with full-text review; 23 met inclusion criteria. Among these 23 studies, 22 examined NIHSS training and/or certification, and only a single
study included examined the effect of training on mRS performance. Ten of 23 included studies were conference abstracts. The study designs,
interventions and outcome measurement of the included studies were heterogeneous. In the case of the NIHSS, two studies found increased
accuracy after NIHSS training, and a third study showed statistically significant though clinically trivial decreases in error rate with training.
The remaining 19 studies showed no benefit of NIHSS training as it relates to reliability or accuracy outcomes. The single included mRS study
did not show the benefit of training. Conclusion: Although data are sparse with heterogeneous training protocols and outcomes, there is no
compelling evidence to suggest benefit of healthcare professionals completing NTHSS or mRS training, certification or recertification. At the
very least, recertification/re-training requirements should be reconsidered pending the provision of robust evidence.

RESUME : Effets de la formation et de la certification sur la performance des évaluateurs pour Péchelle d’évaluation de PAVC des
National Institutes of Health et pour I'échelle modifiée de Rankin: une revue systématique. Contexte : Une certification a jour pour
Iéchelle d’évaluation de 'AVC des National Institutes of Health (NIH) et de I'échelle modifiée de Rankin (EMR) est souvent requise pour des
essais cliniques, ce qui représente un fardeau important pour les chercheurs du monde entier. Objectifs: Cette revue systématique a cherchéa
déterminer si la formation, le recyclage, la certification ou la re-certification pour I'échelle d’évaluation de 'AVC des NIH ou pour 'EMR ont
permis d’améliorer la fiabilité ou la précision des évaluations ainsi que d’autres parameétres pertinents pour I'utilisateur, sa confiance par
exemple. Résultats: Sur 4227 études, 100 ont été retenues et ont fait 'objet d’un examen complet. De ce nombre, 23 répondaient a nos critéres
d’inclusion. Parmi ces 23 études, 22 portaient sur la formation et/ou la certification pour I'échelle d’évaluation de TAVC des NIH et une seule
étude incluse portait sur I'effet de la formation pour 'EMR en lien avec la performance. A noter que 10 études sur 23 étaient des résumés de
conférence. Les modeles d’étude, les interventions et la mesure des résultats des études incluses se sont avérés hétérogénes. Dans le cas des NIH,
deux études ont constaté une augmentation de la précision aprés une formation et une troisiétme a montré une diminution statistiquement
significative, bien que cliniquement insignifiante, du taux d’erreur des évaluateurs. Cela dit, les 19 autres études n’ont montré aucun avantage
de la formation des NIH en termes de fiabilité ou de précision. Enfin, 'unique étude a propos de 'TEMR n’a pas montré de bénéfice en lien avec
une formation. Conclusion : Bien que les données soient rares et que les protocoles de formation et les résultats soient hétérogeénes, il n’existe
pas de preuves convaincantes des avantages pour les professionnels de la santé de suivre une formation, une certification ou une re-
certification portant sur 'échelle d’évaluation de TAVC des NIH ou sur 'ERM. A ce sujet, les exigences en matiére de re-certification/
formation devraient a tout le moins étre reconsidérées dans 'attente de preuves solides.
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Introduction

The National Institutes of Health Stroke Scale (NIHSS) and the
modified Rankin Scale (mRS) are widely used to evaluate stroke
severity and functional outcomes, respectively, in clinical practice
and research settings.'** The NIHSS is the current standard for
quantifying stroke-related impairments to guide treatment
decisions and to determine subsequent neurological improve-
ment and deterioration, while the 90-day mRS is the most
commonly used primary outcome measure in randomized
controlled trials in stroke. As such, accurate performance of
these scores has become an essential competency for stroke
clinicians and trial personnel.>>°

In the 1980s, the NIHSS was developed as a systematic method
for evaluating stroke impairments’ and rose to prominence,
particularly after its use in the landmark National Institute of
Neurological Disorders and Stroke alteplase trial.>-!° The use of
the NIHSS was propelled forward by validation studies and the
development of a validated videotape-based training program,
making this scale easily applied to many contexts and locations
(e.g., multi-site trials). In the original NINDS rt-PA Stroke Trial
study, raters were required to recertify 6 months after initial
certification and then yearly thereafter.”!! Yearly recertification
has remained the current standard.>!> The mRS was published in
1988 after modifications were made to the original 1957 Rankin
Scale in order to increase its comprehensiveness and applicability
to modern stroke practice*'*"!> Compared to the NIHSS
certification and training requirements, the mRS training and
certification landscape has been more heterogeneous, though
mRS certification is typically required for participation in stroke
trials and occasionally in clinical practice as well.!® Online video
scenario-based certification is widely used, and yearly recertifi-
cation is typically recommended, particularly for those partici-
pating in clinical trials.

To date, however, there has been little critical examination of the
benefits of such training requirements. Such examination is crucial,
particularly given the substantial time commitment required for
mandatory training, certification and annual recertification. This
systematic review sought to determine if NIHSS or mRS training,
re-training, certification or recertification led to improvements in
rater performance and user-reported metrics.

Methods

This review is reported following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The
protocol for this review was registered on November 8, 2023, on
PROSPERO (registration number: CRD42023476934).

Search strategy

Searches (without date or language restrictions) of MEDLINE,
EMBASE and Cumulated Index in Nursing and Allied Health
Literature (CINAHL) databases were performed from inception
until March 24, 2024. The complete search strategy is listed in the
online Supplemental Material and included the following terms
(and associated synonyms/mapped subject subheadings):
“National Institutes of Health Stroke Scale,” “Rankin scale,”
“Training,”  “Certification,”  “Accreditation,”  “Education,”
“Teaching” and “Learning.” Reference lists of the included studies
were hand searched for other relevant items that were not retrieved
in the original search.
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Table 1. Inclusion and exclusion criteria

Inclusion criteria:

1. Includes training and/or certifications as an intervention in the study
(either prospectively or retrospectively)

2. Reports an outcome (see Table 2) and compares this to another group
(either control group or other intervention group or historical group
[i.e., same participant group, pre- and post-intervention])

3. At least a subset of participants is clearly identified as clinicians and/or
allied health professionals (including students in these fields)

Exclusion criteria:

1. No comparator group included

2. Non-English language

3. Use nonstandard versions of the scales (e.g., simplified National
Institutes of Health Stroke Scale)

Table 2. Predefined outcomes for inclusion criteria

Reliability

o Inter-rater reliability

o Intra-rater reliability

Accuracy

o Score accuracy relative to benchmark/gold standard

o Error rates and types

End user comfort/confidence in using tool

Certification success/pass rate (for studies examining training)

Or any other outcomes related to effectively ascertaining the National
Institutes of Health Stroke Scale or modified Rankin Scale that may arise
during the process of screening

Study selection

Title and abstract screening, followed by full-text review, were
independently completed by two authors (DM and DK) with
conflicts resolved by a third author (AG). Inclusion and exclusion
criteria are reported in Table 1. Studies were included if they
(1) included training or certification as an intervention, (2) reported
outcomes (pre-defined outcomes of interest included in Table 2) in
reference to a comparator group (ie., control group, other
intervention group or historical group or pre- vs. post-intervention
comparison) and (3) included stroke clinicians or allied health
professionals (including students in these fields). Outcomes of
interest included measures related to reliability, accuracy, user
confidence and certification/training pass rate. Any other outcomes
related to effectively conducting the NTHSS or mRS scoring systems
that arose during the process of screening were specified in the
protocol to be included; no such additional outcomes were found.

Studies were excluded if there was no comparator group
(e.g., simply a descriptive report of NIHSS pass rate or of inter-rater
reliability within a single trained group) or were not published in
the English language. Published peer-reviewed conference
abstracts and proceedings were included. Screening was performed
using Covidence software.!”

Data extraction

Given the broad inclusion criteria of this review, it was anticipated
that there would be significant heterogeneity between included
studies in terms of interventions, study groups and outcome
measures. As such, a broad and narrative style of data extraction was
pursued. We collected the following data: study design; training,
certification and recertification details; participants’ health profes-
sional role; level of training or experience; outcomes; and key
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findings. Data extraction was completed in duplicate by two authors
(DK and DM), with any conflicts resolved by consensus.

Data synthesis

Given the diversity of interventions, study groups and outcomes, a
narrative style data synthesis was used. In the review registration
protocol, methods for a meta-analysis were outlined, but given the
heterogeneity observed across studies, a meta-analysis was not
considered to be appropriate.

Assessment of study quality and risk of bias

Risk of bias assessment of the included studies was performed
using the ROBINS-I (Risk Of Bias In Non-randomized Studies - of
Interventions)® tool for observational studies and using the CROB
(Cochrane Risk of Bias)! tool for any included randomized
control trial.

Results

After removal of duplicates, 4227 studies were screened, 100 of
which were assessed for full-text eligibility, with 23 meeting

Figure 1. PRISMA diagram of the included
studies.

criteria for inclusion in this review. Of the studies excluded, the
majority (56/77) were excluded due to a lack of a training,
certification or recertification intervention. Other reasons for
exclusion included the absence of an appropriate outcome or a
lack of a comparator group. The PRISMA flow diagram is shown
in Figure 1.

Study characteristics

Tables 3-6 summarize the characteristics of the included studies.
In total, 23 studies were included, of which 10 (43%)%°*° were
conference abstracts. Publication dates ranged from 1997 to 2023,
with 16 of 23 (70%)'220-2830-35 being published after 2014. The
majority were observational studies (18/23, 78%),%12:20-29:33,36-39
with 5 (21%)%°-323440 being randomized controlled trials (Table 3).
Overall, there was a wide range of the number of participants in
included studies, spanning from 4 (39) to 1,313,733.1?

Seven of 23 (30%)***>728343539 studies included exclusively
physicians as participants, of which 5 of 8 (63%)?>*>27:2%34 included
only physicians in training (residents or medical students). An
additional 6 of 23 (26%)%!23336-38 studies included physicians
as well as other health professionals. Seven of 23 (30%)20-222429:30:40
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Table 3. Included studies related primarily to initial NIHSS training

Author and
NIHSS  publication Participants and Comparator
training date Study design Article type Training descriptions professionals groups Outcome measure Key findings
Harring Randomized Manuscript All students enrolled received validated 50 paramedic Game-based Accuracy (mean No statistically significant difference in
et al., 20233 control trial NIHSS training program for paramedics students versus in-person  difference from true the mean difference from the true NIHSS
(45 min lecture and practice NIHSS simulation. NIHSS score) score was 0.64 in the game group and
demonstration by certified physician, 0.69 in the control group.
followed by 45 min simulation session).
Participants then participated in voluntary
simulation practice of NIHSS (GameStroke
game for intervention group; in-person
simulation for controls). After 2 months,
participants then participated in a NIHSS
clinical proficiency test.
Koka et al., Randomized Manuscript Comparing an author-designed interactive 39 paramedics E-learning module Study quiz at the end  E-learning participants performed better
2020% control trial e-learning module with the original NIHSS group versus of training with 50 than controls in the post-study quiz (36/
video training. control group questions aimed at 50 vs. 33/50, p = 0.04).
assessing overall
NIHSS knowledge
(primary outcome)
Suppan Randomized Manuscript Participants completed either a novel 75 medical Comparison of Performance on a Participants in the e-learning group
et al., 2020** control trial e-learning NIHSS training module or students e-learning module post-training performed better than those in the
standard didactic video training. group versus knowledge quiz traditional video training group (38
traditional (score/50) correct answers, versus 35 correct
didactic videotape answers, P < .001)
learning group.
Dancer Randomized Manuscript The trained NIHSS group watched a 122 nursing Trained versus Accuracy (deviation There was a numerical increase in
et al., 2017°° control trial standard 55-minute NINDS NIHSS training students untrained NIHSS  between each deviation from expert scores in
DVD. Untrained groups received no group. participant’s total participants untrained in NIHSS
training in stroke assessment. score and experts’ compared to those who were trained
Note this study also examined a modified total score) (4.0 vs. 2.9 per NIHSS) though statistical
NIHSS scoring system (NIHSS-PE) and the significance was not reported. Pooled
effect of training. results of trained NIHSS-PE (a modified
scale) and NIHSS versus untrained users
were analyzed, and the authors report
trained users had scores significantly
closer to the expert scores. Score
deviation from expert was 2.7 £ 2.3 in
the trained group versus 3.5 * 2.5 in the
untrained group (p = 0.011).
Chiu et al., Randomized Manuscript This study compared two NIHSS training 84 nurses Pre-training Score verification unit  Both groups’ scores on the assessment
20094 control trial programs: Interactive Computer-Assisted scores versus (measure of of correctness (SVU) significantly
Instruction (ICAI) versus Instructor-led post-training percentage of correct increased (F = 35.50, p = 0.00) after
Videotape Learning Program (IVLP). scores. scores). training.

IICAI versus IVLP

Learner satisfaction
(16-item
questionnaire)

There was no significant difference
between the changes in the two groups
(F=0.02, p = 0.89).
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Table 3. Included studies related primarily to initial NIHSS training (Continued)

Author and
NIHSS  publication Participants and Comparator
training date Study design Article type Training descriptions professionals groups Outcome measure Key findings
Schmulling  Observational Manuscript Two raters were previously trained in 4 neurologists Trained raters Interobserver The interobserver reliability (k) of trained
et al., 1998*° study NIHSS use (using standard training video); versus untrained  reliability raters was 0.61 (SD = 0.17) and 0.33
the other two raters received no raters (SD = 0.22) among untrained raters.
instruction other than the NIHSS form
itself, which provides few details on
performing the stroke scale.
Goldstein Observational Manuscript Participants took part in a training 59 (30 physicians, Previous exposure Levels of agreement Levels of agreement were not affected
et al, 1989% study session on the use of the NIHSS, which 29 study to NIHSS training  (assessed with by previous exposure to NIHSS training
included written instructions as well as coordinators) tapes intraclass correlation  and certification tapes.
standardized videotaped patient coefficients)
examinations.
Parker Observational Abstract Full day of simulation training with six 15 (resident Pre- vs post- Confidence (unit/ 15 of15 reported increased confidence in
et al., 2023%° study | common stroke scenarios. physicians) simulation scores measure not stated) their ability to perform the NIHSS.
Graves Observational Abstract In-person NIHSS training with live 896 nurses Prior online Accuracy (not further  Authors state that evaluations show
et al., 2021?? study demonstration of exam technique. standardized defined) improved learner confidence, skills and
NIHSS versus in- knowledge (though no data or
person NIHSS description of the evaluations/metrics
training program used are included).
Shoemaker  Observational Abstract An in-person class was added in this 24 (nurses and Pre- versus post-  Comfort in performing Overall confidence in performing the
et al., 2019%° study study to supplement standard NIHSS paramedics) class metrics the NIHSS (5-point NIHSS improved from 2.1/5 before the
didactic videotape training with in-person Likert scale) class to 4.2 after the class (statistical
discussion and demonstrations of the significance not reported).
NIHSS scale.
Grace, Observational Abstract Educational program that included a 174 nurses Pre- versus post-  User-perceived NIHSS  Mean self-perceived NIHSS competency
2013% study review of relevant neuroanatomy, a educational competency prior to the session was 3.28 compared
review of NIHSS use and scoring on a session to 3.90 post-session (t(172) = 13.99,
simulated patient, followed by a p<0.01).
debriefing discussion.
Margiotta Observational Abstract In-person 1-hour didactic training session 9 incoming Pre- and post- Resident confidence in  Prior to training, only 44% of residents
et al., 2018%° study on how to perform the NIHSS, followed neurology training/ performing the NIHSS indicated that they felt comfortable
by two simulated stroke cases. residents simulation performing the NIHSS compared to after
surveys training where 100% of residents
indicated that they felt confident
performing the NIHSS.
Wadhwa, Observational Abstract In-person participation in five simulated 36 junior Simulation group  Resident confidence in  Significant improvement in NIHSS
20177 study acute stroke cases. neurology versus historical administering NIHSS utilization was observed in the
residents controls who did  (unit of measure not simulation cohort. Further details/data

not participate in
simulation
training

reported)

not described.

(Continued)
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Table 3. Included studies related primarily to initial NIHSS training (Continued)

Author and
NIHSS  publication

training date

Study design Article type

Training descriptions

Participants and
professionals

Comparator
groups

Outcome measure Key findings

Gill et al., Observational Abstract High fidelity patient simulation of 8 intensive care Pre- versus post-  Confidence in ability This abstract states that nurses were
2016%° study in-hospital ischemic stroke. unit nurses simulation to perform the NIHSS  confident in their ability to perform the
NIHSS though no specific results or data
were reported.
Wendell Observational Abstract In-person participation in two simulated 10 junior Pre- and post- Comfort level of Resident reported increased comfort in
et al., 2018%° study stroke patients. neurology simulation survey  performing the NIHSS  performing the NIHSS after participating
residents (5-point Likert scale) in the simulation (3.35/5 vs. 4.25/5
p = 0.03).
McDavid Observational Abstract Standard online NIHSS training with the 114 nurses Standard online Competency test pass 8 of 9 (89%) of nurses who completed

et al., 2015 study

option of in-person additional training.
This was followed by a competency
evaluation, and those who failed the
competency evaluation were required to
complete remedial in-person training
prior to re-taking the competency test.

training versus
standard online
training + in-
person training

rate additional in-person training passed the
competency evaluation compared to 69
of 105 (66%) who only completed
standard online training.

NIHSS = National Institutes of Health Stroke Scale; NINDS = National Institute of Neurological Disorders and Stroke.

Table 4. Included studies related primarily to initial National Institutes of Health Stroke Scale (NIHSS) certification

Author and
NIHSS publication Participants and Outcome
certification date Study design Article type Certification descriptions professionals Comparator groups measure Key findings
Lyden et al., Observational Manuscript Validation study of novel NIHSS 8214 (nurses and  Previously certified Interclass  There was no difference in ICC between previously
2009 study training tapes (as described in Lyden physicians) users versus correlation  certified (0.82 [0.70-0.9]) and noncertified users
et al., 2005°7) noncertified users. (Icc) (0.94 [0.80-0.97]).
Novice users versus
experienced users
Lyden et al., Observational Manuscript Evaluation of a new set of NIHSS 112 raters (nurses Previously certified ~ Agreement There was no difference in levels of agreement
2005°7 study training and videotapes developed by  and physicians) raters versus (1cC) between previously certified users and noncertified

the study authors.

noncertified users

users (data not reported).

There was no difference in ICC between previously
certified (0.92 [0.79-1]) and noncertified users (0.95
[0.87-1]).
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Table 5. Included studies related primarily to repeat National Institutes of Health Stroke Scale (NIHSS) training or certification

sanbibojoinay sa2UBIdS SIP UBIPDUDY) |DUINOS 9]

NIHSS Author and
re-training or publication Article Training/certification Participants and
recertification date Study design type descriptions professionals Comparator groups Outcome measure Key findings
McLoughlin  Observational Manuscript Examined NIHSS scoring when completed 15 (nurses and Comparing Inter-rater For five NIHSS items, there was similar
et al., 2022% study via telemedicine. physicians) recertified reliability reliability between certification sub-
participants against groups, better in the recertification
non-recertified group for five NIHSS items and worse in
participants the recertification group for five items.
Anderson Observational Manuscript Training was completed via online training 1,313,733 New versus repeat ~ Changes in There was no difference in accuracy or
et al., 2020"? study documents and videos. Data from three physicians and certification users. accuracy technical errors between first time
NIHSS certification vendors were included, nurses Pre-certification (measured by certification users or repeat users
one of which required training before (distributions of  training versus no comparing each overall.
certification or recertification, the second  each not pre-certification user total score to  One vendor group (n = 255,147) that
did not and the third adopted a training published) training. the correct total required repeat training before
requirement part-way through the score). recertification showed a statistically
included study period. Changes in significant but trivial decrease in
technical errors (9  technical error rate over repeat
pre-specified errors certification (0.014/year; P < 0.05)
defined by study Vendor group two that did not require
authors) over time. repeat training showed a statistically
significant but clinically negligible
increase in technical error rate over time
(0.13 error/year; P < 0.001)
Josephson  Observational Manuscript Retrospective data from all certification 7405 raters Repeated tests Pass rate and level Retaking the test did not improve
et al., 2006% study exams submitted to the National Stroke (physicians, (same version of of agreement agreement with the most common
Association from December 1998 to August nurses and other test, 1065/7405 response (p = 0.78) nor improve the
2004. healthcare raters, took the pass rate (p = 0.85).
providers) same version of the
test 2-4 times).
You et al., Observational Abstract Repetitive NIHSS training program (details 12 stroke unit Inter-rater reliability Inter-rater Authors state reliability/concordance
2010%° study not provided) nurses after first NIHSS reliability/ improved over the course of repetitive
training sessions concordance (exact training though details/data not
versus after unit/measure not reported)
completion of specified)

repetitive sessions.

Table 6. Included studies related primarily to modified Rankin Scale training or certification

Modified Author and

Rankin publication Article
Scale date Study design type Training descriptions Participants and professionals Comparator groups Outcome measure Key findings
Pozarowszczyk Observational Manuscript No formal training included though 102 stroke patients evaluated by Grouped by physician Agreement The was no significant
et al., 2023% study compared pairs of physicians group  both a stroke unit physician and pair (certified pair vs. (measured as a difference in agreement
by certification status (either both a rehabilitation ward physician  pairs containing one percentage between pairs of certified
pair members certified or a single (number of included physicians  certified user and one [overall raters and pairs of raters
member certified) not included) noncertified user) agreement] and including a single certified
kappa) rater
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studies included only nurses (or nursing students), 2 of 23 (9%)
included paramedics (or paramedic students) and 1 of 23 (4%
included both paramedics and nurses.

Risk of bias assessment

Of the included observational studies, 10 of 18 (56%) were deemed
to have a critical risk of bias. The 10 included abstracts in this
review were the same 10 deemed to have a critical risk of bias.
Three of 18 (17%)'%378 observational studies were deemed to have
moderate risk of bias, and 5 of 18 (28%)%3*33639 were rated as
serious risk of bias. Of the five included randomized control, three
of five (60%) were rated as having high risk of bias,****° and two of
five (40%) were rated as having some concern for bias.’*? A
summary graphic of the risk of bias assessment is included in the
supplemental online Supplemental Material (Supplemental
Figures 1 and 2)

Study findings

Twenty-two of 23 included studies were related to the NTHSS, with
just one included mRS study.*® Twelve of 23 studies examined the
effect of training compared to no training (i.e, no formal
instruction or exposure to training tapes and simply access to
the standard NTHSS or mRS scoring form that contains limited
instructions). Of these training studies, three’®*>* examined
performance among different groups of participants (trained or
untrained), and the other nine used historical controls (i.e., the
same participant group before and after a training intervention).
Two of the three studies examining different cohorts of
participants who were trained or untrained reported numerical
differences in outcomes between trained and untrained users, but
statistical tests were not reported in either.

The five RCTs included four studies of different training
approaches (game-based vs. in-person,’! e-learning vs. original
video training**** and computer-assisted instruction vs. instruc-
tor-led video learning).** Only one study randomized participants
to training versus no training’® and examined NIHSS score
performance. This 2017 study® focused on nursing students. The
authors reported a numerical deviation from expert scores that was
greater in the untrained group (4.0 vs. 2.9 per NIHSS score) though
confidence intervals and statistical analyses were not reported. Of
note, Dancer et al. (2017)*° reported a statistically significant
increase in deviation from expert scores in untrained participants
versus trained when a pooled analysis of both NIHSS and a
modified NTHSS scale (NIHSS-PE [Plain English]) was completed
and the authors report trained users had scores significantly closer
to the expert scores (score deviation from expert was 2.7 + 2.3 in
the trained group vs. 3.5 + 2.5 in the untrained group [p = 0.011]).
An observational study compared trained versus untrained NIHSS
raters®® but reported a numerical difference in agreement among
trained raters compared to untrained raters, in only four
participants.®

The only mRS study compared groups of trained versus
untrained raters® and showed no statistical difference between
pairs of trained raters or a trained rater paired with an untrained
rater.®®

Nine studies examined historical cohorts by com-
paring pre-training versus post-training scores, eight?!-2%25-2% of
which were conference abstracts that generally commented on
participant confidence measures pre- and post-training. Five
studies 21:2325:2628 (a]] abstracts) reported numerical or statistically
significant increases in participant (usually resident physicians)

21-23,25-29,40
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confidence in performing the NIHSS. The only full-length
manuscript analyzing pre- and post-test scores was by Chiu
et al. (2009)*° and was designed to compare two NIHSS training
methods among a group of nurses (computer assisted vs. instructor
led), although the authors do report a significant increase in score
verification unit (a surrogate of accuracy) after training in both
groups.

No studies examined the effect of initial certification though
seven®?93336-38 gtdies examined the effect of re-training or
recertification. The largest of these was published by Anderson
et al. (2020),'? which included results of 1,313,733 unique NIHSS
certification tests. In this study, no difference was observed in
accuracy or error rate between first-time certification users
compared to users completing repeat certification. The study
did show a small but statistically significant (0.014/year, P < 0.05
[confidence interval not reported]) decrease in error rate from
one year to the next for groups that required repeat online training
prior to each repeat certification exam. On the other hand, there
was a similar small (0.013/year, P < 0.001 [confidence interval not
reported]) but statistically significant increase in error rate,
compared to prior performance, among a group that did not
require repeat training prior to recertification. Note that this study
compared results within groups (i.e., customers of different NIHSS
training vendors) and with historical controls within these groups
rather than statistically comparing between trained versus
untrained groups. The remaining six®****%-3% included studies
found no significant change in reliability or agreement measures
with repeat training and/or repeat certification. For example, a
study by Lyden et al. (2009),’® which included 2416 previously
certified NIHSS raters and 1414 uncertified raters undergoing
online certification/recertification with required pre-training,
showed no statistical difference in reliability between previously
certified and first-time certification users.

Five studies*#?***!3240 examined differences between types of
training, which included current standard training, novel
computer-assisted methods and instructor-led in-person training.
Two of five’**? found statistically significant benefit in the novel
computer module/e-learning groups compared to in-person or
traditional online methods. Specifically, Koka et al. (2020)* report
that e-learning participants performed better than controls on a
post-study quiz (36/50 vs. 33/50 correct, p = 0.04), and Chiu et al.
(2009)* report an increase in the percentage of correct scores (p =
<0.01) after their novel e-learning training. One of five®! studies
showed no difference between a computer module group and
instructor-led group, and two of five?*?¢ reported improved NIHSS
skills with the addition of in-person training. Specifically, a
conference abstract by McDavid et al. (2015)** reported an
increased pass rate on competency evaluation (89% in face-to-face
training group vs. 68% in the online group), although the sample
size was small and statistical analysis was not reported. A
conference abstract by Shoemaker et al. (2019)*® reported an
increase in user confidence after in-person training from 2.1 to 4.2
on a 5-point Likert scale, although again, statistical analysis was not
reported.

Discussion

The results of this review highlight the limited and heterogeneous
evidence for current NIHSS and mRS training and certification
practices. Of the 12 included studies examining NIHSS training,
only 2 studies showed an increase in accuracy of NIHSS scoring
after training, and a single study showed a very small decrease in
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year-to-year error rate after re-training. The remaining studies,
which included large observation studies, did not show improve-
ment in accuracy or reliability of NIHSS scores with training. No
included studies demonstrated a benefit of NIHSS certification or
recertification. A number of studies reported subjective improve-
ments in user confidence after training although these were limited
to conference abstracts judged to be at critical risk of bias. Only one
mRS study met our criteria, and this showed no significant
difference in agreement between pairs of certified raters and pairs
of certified versus noncertified raters.

Several of the larger studies'>**® included in this review
pooled results of multiple healthcare providers (largely physicians
and nurses) though it is important to consider that different
healthcare provider groups (physicians, nurses, pre-hospital
providers) likely have different experience with the NIHSS in
daily practice and may benefit from different training and
certification standards. Given that the only studies showing
improvement in NIHSS accuracy were those including only nurses
or nursing students, this may suggest some benefit to NIHSS
training among these groups. Studies that included physicians only
were largely conference abstracts and generally commented on
confidence in performing the NIHSS scale. For physicians in
training, who constituted the majority of the physicians included in
these studies, there seems to be a signal that training may increase
user confidence in scale performance although interpretation of
these results is limited by the high risk of bias among these reports.

Taken together, the results of this review highlight important
deficiencies of the evidence behind current NIHSS training and
certification practices. At the very least, it seems reasonable to
revisit current annual recertification requirements for the NIHSS
and mRS for clinicians practicing in stroke. For example, in the
study by Anderson et al. (2020),'? which had the largest sample size
included in this review, the authors suggested that NIHSS mastery
for physicians and nurses is stable over time, that repeat training
and certification lead to no clinically significant differences and
that the required interval for recertification should be length-
ened.'” Based on the current review, there is little evidence to
support recertification at all. A first certification may be reasonable
to increase user confidence. Such an approach has been adopted by
the Clinical Dementia Rating Scale,*! which requires initial
certification though no mandatory recertification; additionally,
other scales that are recognized as clinical standards (e.g., the
Glasgow Coma Scale) do not require mandatory training or
certification.

Limitations of this review include the heterogeneity and
generally high risk of bias of the included studies. Yet, it is
precisely because of a lack of high-quality evidence that
certification standards must be questioned. We opted to be
comprehensive in the types of studies we included in order to
provide as complete a picture as we could of the available evidence
in this space.

Finally, it is worth noting that medicine is rampant with
resource-intensive practices with little evidence for their use.*? It is
important for health and research professionals to critically
examine current practices and standards in order to seek evidence
that justifies the current practice or, in the absence of this, seriously
reconsider the practice in question. Revising the current training
and certification practices has the potential to improve clinical trial
efficacy and reduce investigator burden. In this case, however,
while there is a lack of evidence for current NIHSS and mRS
training regimens, this does not necessarily mean that these
practices are ineffective; however, it does underscore the need for

higher-quality data to continue justifying the current practices as
well as to seek possible evidence-based alternative practices.
Questioning the current requirements seems reasonable, and effort
should be made to achieve professional consensus on more
efficient and rational strategies that maintain the validity of these
scales. Pending higher quality evidence, it is important for
professional stroke organizations and trial steering committees
to be transparent about their proposed approaches to NIHSS and
mRS certification and their rationale in published statements, in
order to promote consistency across sites in national and, ideally,
international trials. Such concerted approaches would also help
provide reassurance and a united front to regulatory bodies and
clinical trial sponsors as opposed to a haphazard approach of
individual sites refusing to pursue recertification.

Conclusions

The results of this review highlight the sparsity and heterogeneity
of studies examining whether NTHSS or mRS training, re-training,
certification or recertification improves the reliability and accuracy
of ratings or other user metrics. In the case of the NIHSS, there is
some evidence to suggest a lack of benefit of the current training
and certification regimen in terms of accuracy and reliability of the
ratings. For the mRS, more work is clearly needed to quantify the
effects of training and/or certification in general. Overall, there is
an absence of evidence to support current NIHSS and mRS
certification practices; at the very least, recertification require-
ments should be reconsidered pending the provision of robust
evidence.
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