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Background: Simulation is a widely used health care education 
tool. Its use is increasing in acute neurologic conditions and 
has great potential to help trainees better perform procedures 
and enhance communication and professionalism.
Observations: This article describes the different neurologic 
simulations used as educational tools and the evidence that 
demonstrates their value. It also details the benefits afforded 
by simulations (eg, improved adherence to protocols, reduced 
door-to-needle time in stroke care) and areas of opportunity. It 
includes the use of virtual reality to allow trainees to interact with 
3- dimensional models of the brain as well as augmented reality 

to view real-world objects with digital information overlays. 
Conclusions: Simulation-based training is a valuable and 
increasingly essential component of neurology education. These 
training programs offer structured opportunities to practice 
clinical reasoning, identify common diagnostic and therapeutic 
pitfalls, and improve coordination across multiple specialties. 
This approach not only supports the development of clinical 
competence but also contributes to patient safety and quality of 
care. As the complexity of neurological care grows, integrating 
simulation into training curricula is a necessary step in preparing 
health care professionals for high-stakes, real-world practice.
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Clinical simulation is a technique, 
not a technology, used to replace 
or amplify real experiences with 

guided experiences that evoke or repli-
cate substantial aspects of the real world 
in a fully interactive fashion.1 Simulation 
is widely used in medical education and 
spans a spectrum of sophistication, from 
simple reproduction of isolated body parts 
to high-fidelity human patient simulators 
that replicate whole body appearance and 
variable physiological parameters.2,3

Simulation-based medical education can 
be a valuable tool for safe health care deliv-
ery.4 Simulation-based education is typically 
provided via 5 modalities: mannequins, 
computer-based mannequins, standard-
ized patients, computer-based simulators, 
and software-based simulations. Simula-
tion technology increases procedural skill 
by allowing for deliberate practice in a safe 
environment.5 Mastery learning is a strin-
gent form of competency-based education 
that requires trainees to acquire clinical 
skill measured against a fixed achievement 
standard.6 In mastery learning, educational 
practice time varies but results are uniform. 
This approach improves patient outcomes 
and is more effective than clinical training 
alone.7-9

Advanced simulation models are helpful 
tools for neurologic education and train-
ing, especially for emergency department 
encounters.10 In recent years, advanced 
simulation models have been applied in 

various fields of medicine, especially emer-
gency medicine and anesthesia.11-14 

ACUTE NEUROLOGY
In acute neurologic conditions (eg, stroke, 
intracerebral hemorrhage, status epilepti-
cus, and neuromuscular respiratory failure) 
clinical outcomes are highly time depen-
dent; consequently, a reduction in treat-
ment delays can improve patient care. The 
application of simulation methodology al-
lows trainees to address acute and poten-
tially life-threatening emergencies in a safe, 
controlled, and reproducible environment. 
In addition to improving trainees’ knowl-
edge base, simulation also helps to enhance 
team skills, communication, multidisci-
plinary collaboration, and leadership. Re-
search has shown that deliberate practice 
leads to a decrease in clinical errors and 
improved procedural performance in the 
operating room.8,15 These results can be ex-
trapolated to acute neurology settings to 
improve adherence to set protocols, thus 
streamlining management in acute settings. 

Scenarios can be built to teach skills 
such as eliciting an appropriate history, es-
tablishing inclusion or exclusion criteria 
for the use of certain medications, evalu-
ating neuroimaging and laboratory studies 
(while avoiding related common pitfalls), 
and managing treatment complications. 
Simulation also provides an opportunity 
for interprofessional education by train-
ing nurses and collaborative staff. It can be 
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used to enhance nontechnical skills (eg, 
communication, situation awareness, deci-
sion making, and leadership) that further 
contribute to patient safety. 

Simulation can be performed with the 
help of mannequins such as the SimMan 
3G (Laerdal), which can display neurologic 
symptoms and physiological findings, or live 
actors who portray a patient by mimicking 
focal neurologic deficits.16,17 A briefing famil-
iarizes the trainees with the equipment and 
explains the simulation process. The docu-
mentation and equipment are the same as 
that which is used in emergency departments 
or intensive care units. 

Once the simulation is completed, a train-
ee’s performance is checked against a critical 
action checklist before a debriefing process 
during which the scenario is reviewed and 
learning goals are assessed. Immediate feed-
back is given to trainees to identify weak-
nesses and the simulation is repeated if 
multiple critical action items are missed. 
(Figure).17

RESIDENCY TRAINING
Simulation training in stroke is mandatory 
in some residency programs for neurol-
ogy postgraduate year (PGY) 2 residents.18 
These simulations are a part of a boot camp 
for incoming neurology residents after com-
pleting an internal medicine internship. 
The simulation program is not standard-
ized across various training programs. The 
European Stroke Organization Simulation 
Committee has published an opinion paper 
with a consensus of experts about the im-
plementation of simulation techniques in 
the stroke field.19,20 Residents participating 
in these mandatory programs are required 
to complete certification in the National In-
stitutes of Health Stroke Scale (NIHSS) and 
the modified Rankin Scale, including a pre-
test that assesses their knowledge of acute 
stroke protocols prior to live simulation.17 
A stepwise algorithm that incorporates fac-
ulty specialized in the field is used to evalu-
ate and debrief the simulation. 

Stroke vignettes are typically selected by 
the vascular neurology attending physician 
to cover thrombolytic therapy (indications 
and contraindications), mechanical throm-
bectomy, early arterial blood pressure man-
agement, anticoagulant reversal protocols, 

and management of thrombolytic compli-
cations (eg, neurologic worsening). Nurs-
ing staff is educated on the acute stroke 
protocol. Computed tomography (CT) and 
CT angiography scans are retrieved from 
teaching files. These are provided as live 
responses along with pertinent labora-
tory work, vital signs, and electrocardio-
gram tracings. Trainee performance is based 
on adherence to a critical action check-
list, which includes (but is not limited to) 
identification of relative and absolute con-
traindications of thrombolytic treatments, 
estimation of NIHSS within 5 minutes of 
arrival, and consideration of candidacy for 
endovascular intervention.17

EVIDENCE FOR SIMULATION TRAINING
Simulations for acute ischemic stroke also 
improve cohesive teamwork to improve the 
door-to-needle and door-to-puncture time. 
A retrospective analysis involving first-year 
neurology residents at a comprehensive 
stroke center that compared patient cohort 
data before and after implementation of 
simulation training found that there was an 
improvement in door-to-needle time after 
implementation of stroke simulation train-
ing program by nearly 10 minutes.17 This 
was likely due to improvement in the com-
fort of the flow of management across mul-
tidisciplinary teams. 

Discussing goals of care, communicating 
poor prognosis or complex decisions with 
distraught family members or patients re-
quires practice. Simulation programs with 

FIGURE. Simulation-based teamwork in acute neurologic emergencies.
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video playback help focus on trainee’s body 
language, avoiding medical jargon and han-
dling ethical dilemmas while adjusting the 
communication style to the patient’s per-
sonality.20 Enhanced communication skills 
improve patient satisfaction, trust, and ad-
herence to treatments, all of which lead to 
better outcomes.21 

 Simulation has been effectively used as 
a training tool for recognizing and manag-
ing acute neuromuscular respiratory failure. 
These scenarios emphasize the importance 
of obtaining a focused clinical history, per-
forming key neurological assessments 
(such as neck flexion strength and breath 
counting), evaluating pulmonary function 
tests, and identifying when to initiate ven-
tilatory support.22 In a study designed as a 
simulation-based learning curriculum for 
status epilepticus, there was an improve-
ment in the performance of PGY-2 resi-
dents after completing the curriculum from 
a median of 44.2% at pretest to 94.2% at 
posttest.23 In this curriculum, an emphasis 
was placed on the following: recognizing 
the delay in identification and treatment 
of status epilepticus; evaluating contrain-
dications of certain antiseizure medication 
(ASM) based on history or laboratory work; 
giving first-line ASM within 5 minutes of 
seizure onset; airway and blood pressure 
assessment; suctioning the patient; use of 
second-line ASMs after first-line has failed; 
ordering a head CT and re-evaluating the 
case with postload ASM level; ordering a 
stat electroencephalography (EEG); and 
communicating the decision regarding pa-
tient disposition/level of care.24

There is a growing need for well de-
signed simulation education programs 
targeted at the management of disorders re-
quiring acute neurologic care, including not 
only stroke and status epilepticus, but also 
traumatic brain injury, subarachnoid hem-
orrhage, neuromuscular respiratory failure, 
flare of multiple sclerosis, acutely elevated 
intracranial pressure, malignant cerebral 
infarction, deterioration of Parkinson dis-
ease, and brain death evaluation with fam-
ily counseling.25 This novel approach to 
teaching provides an opportunity to learn 
in addition to remediation with repetition 
of scenario and might be used for mainte-
nance of recertification programs.

PROCEDURAL SKILLS
Perhaps one of the most studied uses for 
simulation in neurology is in procedural 
skills. This extends beyond neurology 
trainees and can include pulmonary critical 
care fellows, pediatric residents, and inter-
nal medicine residents receiving training in 
neurology-based procedures such as lumbar 
punctures (LPs). Other examples of neu-
rology procedures and protocols in which 
simulation has been studied include fun-
doscopy, brain death evaluation, EEG in-
terpretation in context of status epilepticus, 
and simulated stroke code responses. Ad-
ditional procedures that lack research but 
may benefit from simulation-based train-
ing include the use of Doppler ultrasound 
and botulinum toxin injections practiced 
on mannequins. 

Proficiency in LP procedural skills has 
been extensively studied by multiple institu-
tions, with trainee levels ranging from medi-
cal students to fellows. One study in France 
enrolled 115 medical students without prior 
LP experience and randomized them to ei-
ther a simulation or a control group.26 Those 
in the simulation group received instruction 
using a mannequin, and those in the con-
trol group received clinical training through 
hospital rotations. Both groups received an 
email containing literature-based information 
on the procedure as well as a self-assessment 
questionnaire before participating in either 
educational program. 

The study showed that those students 
who received simulation training had a 
success rate of 67% on their first LP on a 
live patient compared with a success rate 
of 14% in those with traditional training. 
Students receiving simulation training re-
quired less assistance during the proce-
dure from a supervisor and had higher 
satisfaction rates and confidence in their 
procedural skills.26 

 Another study of 128 medical students 
at the University of Pittsburgh found that 
a hybrid LP simulation significantly im-
proved students’ confidence and perceived 
skill in performing LPs, obtaining informed 
consent, and electronic order entry. For ex-
ample, confidence with LP increased from 
5.95% presimulation to 90% postsimulation, 
with 58.24% of students reporting an im-
provement from minimal or no confidence 
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to average or better (P < .001). Similarly, the 
proportion of students who felt able to per-
form LP with minimal or no assistance rose 
from 0% to 38.57% (P < .001). Confidence 
and perceived skill in obtaining informed 
consent and electronic order entry also saw 
significant gains. Although real-world skill 
assessments were limited by low survey re-
sponse rates, preceptor evaluations and fol-
low-up surveys suggested that students who 
participated in the simulation were more 
likely to perform these tasks independently 
or with minimal supervision during clinical 
rotations.27 

Research on simulation training involv-
ing nonneurology residents is also encour-
aging. One study compared the LP skills of 
traditionally trained neurology residents 
(PGY-2 to PGY-4) to internal medicine res-
idents (PGY-1) who underwent simulation 
on a mannequin.28 The internal medi-
cine residents first underwent a pretest on 
LP performance, watched an educational 
video, underwent an LP demonstration, 
and practiced on a mannequin with feed-
back. The neurology residents completed 
the checklist-style pretest and performed 
an LP on a mannequin. Internal medicine 
residents were found to increase their pre-
test scores from a mean of 46.3% to 95.7% 
following training, whereas neurology res-
idents scored a mean of 65.4%. More than 
half of neurology residents were unable to 
identify the correct anatomic location or 
standard cerebrospinal fluid (CSF) tests to 
be ordered on a routine LP.28

A pediatric resident study in Canada 
found that following simulation-based 
training, LP procedural skill improved in 
15 of 16 residents tested, and PGY-1 res-
idents showed a reduction in anxiety re-
lated to performing the procedure.29

Virtual Reality
An additional tool for simulation is the use 
of virtual reality (VR) in combination with 
mannequins. A French study used videos of 
LPs on actual patients, from equipment set 
up to final CSF collection and termination 
of the procedure.30 These videos included a 
360-degree view of the procedure. The short 
video was administered through a VR device 
(the Oculus Go headset by Microsoft) or by a 
YouTube video (if VR was not desired). 

Participants in the study watched the 
video then performed an LP on a manne-
quin. Those who used the VR option had 
minimal adverse effects (eg, low rates of 
cybersickness, blurred vision, nausea) and 
high satisfaction regarding their training 
environment.30

Another VR-based program is the vascular 
intervention system trainer, which allows cli-
nicians to use endovascular devices and sim-
ulate procedures such as thrombectomies. 
VR simulation is used for trainees and to re-
train experienced physicians in performance 
of high-risk procedures.31 

Fundoscopic and Ultrasound Simulations
The AR403 eye stimulator device for fundo-
scopic examinations is a mannequin-based 
simulation.32 In a single-center, prospective, 
single-blind study of neurology and pediat-
ric neurology residents, trainees were split 
into control and intervention groups, with 
the intervention group receiving simula-
tor training. Both groups received video lec-
tures on fundoscopy techniques. Pre- and 
postintervention measurements included 
knowledge, skill, and total scores on the 
skills assessment. Of the 48 trainees who 
participated, the intervention group dem-
onstrated significantly higher increases in 
skills (P = .01) and total (P = .02) scores, 
although knowledge scores did not im-
prove. The intervention group also reported 
higher comfort levels, higher confidence, 
and higher success rates. 

Areas that would benefit from simula-
tion training and development include ultra-
sound training, such as transcranial Doppler 
evaluation. In a national survey of residents 
in anesthesia and critical care, trainees re-
ported that simulation was not frequently 
used in ultrasound training and that bedside 
teaching was more common. Interestingly, 
there was a discrepancy between the opin-
ions of residents and program directors. The 
program directors felt simulation was in fact 
used (18.2% of program directors reported 
this vs 5.3% of trainees).33 

A  new program,  the  NewroS im 
(Gaumard), is a computer-based model 
of cerebral perfusion that may be a useful 
tool in this setting. It can simulate blood 
flow velocities, including pathologic ones, 
both with a mannequin or without.34 
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Another potential area for development is 
the use of mannequins to teach botulinum 
toxin injections for migraine, dystonia and 
spasticity in a training environment This is 
typically led by pharmaceutical represen-
tatives who are not necessarily clinicians. 
Residents and fellows may benefit instead 
from clinician-led education during their 
training programs. 

Simulation in Patient Communication
Simulation provides a realistic environ-
ment for teaching rapid decision-making, 
leadership, and appropriate management 
of acutely ill neurologic patients; this in-
cludes the communication skills needed 
in response to neurologic injury.35 Simu-
lation can be particularly useful in situa-
tions involving brain death determination, 
where the communication techniques dif-
fer significantly from those used in shared 
decision-making. Simulation provides a 
low-stakes setting for clinicians to practice 
the process of brain death determination 
and communication, leading to improved 
confidence and knowledge.36

In the context of acute neurologic emer-
gencies, simulation exercises have been 
used to investigate the consistency of 
prognostication across a spectrum of neu-
rology physicians. These exercises revealed 
that acute neuroprognostication is highly 
variable and often inaccurate among neu-
rology clinicians, suggesting a potential 
area for improvement through further sim-
ulation training.37

FUTURE DIRECTIONS
Simulation education in neurology can be 
directed towards learners at all levels, in-
cluding medical students, residents, fellows, 
nurses, and medical technologists. In addi-
tion, simulation has great value to different 
disciplines, including emergency medicine, 
intensive care, and psychiatry. In our view 
simulation is not being used to full potential 
in neurology. 

Simulation can be used to expose cli-
nicians to rare pathology, play an integral 
role in competency-based evaluations, and 
serve as the foundation for simulation-
based neurology curriculums, teleneur-
ology simulation training programs, and 
team training for neurologic emergencies.38

Another under-recognized aspect of neu-
rology education is teaching interpersonal 
communication and professionalism. A sur-
vey conducted at a neurology department 
(20 residents and 73 faculty respondents) 
asked about residents’ comfort level in per-
forming a number of interpersonal commu-
nication and professionalism tasks.38 While 
none of the residents said they were “very 
uncomfortable” with these tasks, only 1 res-
ident reported being “very comfortable.” In 
addition, fewer than 50% noted that they 
had been directly observed by a faculty 
member while performing these tasks. The 
results prompted the facility to develop a 
simulation curriculum that including ob-
servation and feedback from 8 objective 
structured clinical examinations at a simu-
lation center. A standardized professional 
simulated the role of a patient, caregiver, 
medical student, or a faculty member. Res-
idents indicated in postsimulation surveys 
that it was very useful, and a majority voted 
for the activity to be repeated for future 
classes.38

Simulation models may also provide a 
more objective method to evaluate neurol-
ogy residents. Accreditation Council for 
Graduate Medical Education has provided 
Milestones that are used for assessment of 
neurology residents. Most of the programs 
rely on end-of-rotation faculty evaluations. 
These are subjective evaluations, rely on 
chance evaluations and may not reflect the 
exact caliber of a trainee in different clini-
cal situations. Simulation models can serve 
as alternatives to provide an objective and 
accurate assessment of resident’s compe-
tency in different neurologic scenarios. 

In a study of PGY-4 neurology residents 
from 3 tertiary care academic medical cen-
ters were evaluated using simulation-based 
assessment. Their skills in identifying and 
managing status epilepticus were assessed 
via a simulation-based model and com-
pared with clinical experience. No gradu-
ating neurology residents were able to meet 
or exceed the minimum passing score dur-
ing the testing. It was suggested that end-
of-rotation evaluations are inadequate for 
assigning level of Milestones.24 To move 
forward with use of simulation-based as-
sessments, these models need to be trialed 
more extensively and validated. 
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Morris et al developed simulations for 
assessment in neurocritical care.39 Ten 
evaluative simulation cases were devel-
oped. Researchers reported on 64 trainee 
participants in 274 evaluative simulation 
scenarios. The participants were very sat-
isfied with the cases, found them to be 
very realistic and appropriately difficult. 
Interrater reliability was acceptable for 
both checklist action items and global rat-
ing scales. The researchers concluded that 
they were able to demonstrate validity ev-
idence via the 10 simulation cases for as-
sessment in neurologic emergencies.39 It 
is the authors’ belief that the future of res-
idents’ competency assessment should 
include more widespread use of similar 
simulation models. 

Final ly,  VR and augmented real-
ity (AR) have shown promise in vari-
ous f ie lds,  including neurology.  In 
neurology, these technologies are being 
explored for applications in rehabilita-
tion, therapy, and medical training. On-
going research aims to leverage these 
technologies for improved patient out-
comes and medical education. Virtual 
simulations can recreate neurologic sce-
narios, allowing learners to interact with 
3-dimensional (3D) models of the brain 
or experience virtual patient cases. AR 
can enhance traditional learning mate-
rials by overlaying digital information 
onto real-world objects, aiding in the 
understanding of complex neuroanat-
omy and medical concepts. These tech-
nologies contribute to more engaging 
and effective neurology education.39

In a study of  84 graduate medi-
cal students divided into 3 groups, the 
first group attended a traditional lec-
ture  on neuroanatomy,  the second 
group was shown VR-based 3D im-
ages, and the third group had a VR-
based, interactive and stereoscopic 
session.40 Groups 2 and 3 showed the 
highest mean scores in evaluations and 
differed significantly from Group 1  
(P < .05). Groups 2 and 3 did not dif-
fer significantly from each other. The 
researchers concluded that VR-based re-
sources for teaching neuroanatomy fos-
tered significantly higher learning when 
compared to the traditional methods.40
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