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Abstract

Background Prehospital emergency care is complex and influenced by various factors, leading to the need for deci-
sion-support tools. Studies suggest that cognitive aids improve provider performance and patient outcomes in clini-
cal emergencies. Electronic cognitive aids have rarely been investigated in prehospital care. Therefore, this study
aimed to evaluate the effects of the electronic field protocol (eFP) module on performance, adherence to the stand-
ard of care, and satisfaction of prehospital care providers in a simulated environment.

Methods This randomised simulation-based study was conducted at the Lithuanian University of Health Sci-

ences in Kaunas, Lithuania. The simulation scenarios were developed to test 12 eFPs: adult resuscitation, pediatric
resuscitation, delivery and postpartum care, seizures in pregnancy, stroke, anaphylaxis, acute chest pain, acute
abdominal pain, respiratory distress in children, severe trauma, severe infection and sepsis, and initial neonatal evalu-
ation and resuscitation. Sixteen prehospital practitioners with at least 3 years of clinical experience were randomly
assigned to either use the eFP module or perform without it in each of the 12 simulated scenarios. Participant scores
and adherence to standardised checklists were compared between the two performance modes. Participant satisfac-
tion was measured through a post-simulation survey.

Results A total of 190 simulation sessions were conducted. Compared to the use of memory alone, the use

of the eFP module significantly improved participants’ performance in 10 out of the 12 simulation scenarios. Adher-
ence to the standardised checklist increased from 60 to 85% (p < 0.001). Post-simulation survey results indicate

that participants found the eFP module easy to use and relevant to prehospital clinical practice.

Conclusions The study findings suggest that the eFP module as a cognitive aid can enhance prehospital practition-
ers' performance and adherence to the standard of care in simulated scenarios. These results highlight the potential
of standardised eFPs as a quality improvement step in prehospital care in Lithuania.
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Background

Emergency medical services (EMS) providers are
expected to be able to rapidly recognise and manage a
wide variety of conditions, determine the acuity level,
and make appropriate decisions regarding transporta-
tion to further treatment facilities. Prehospital decision-
making is challenging and depends on system influences,
environmental factors, patient characteristics, available
resources, and the provider’s experience and knowledge
[1]. However, relying solely on professional training and
experience leaves room for medical errors and adverse
events. Therefore, the demand for guidelines, protocols,
and other decision-support tools is increasing in prehos-
pital healthcare [2-6].

Despite the significant cognitive overload, EMS provid-
ers must adhere to current guidelines and recommen-
dations to ensure optimal patient outcomes. However,
adherence is influenced by many factors, such as per-
ceptions of guideline quality, provider experience, risk
tolerance, patient and organisational circumstances, and
implementation issues [2, 3, 7]. Ebben et al. [7] argued
that guidelines contain too many recommendations for
providers to adhere to while making critical choices.
Thus, there is a growing need for more efficient and prac-
tical forms of decision support.

Cognitive aids (CAs) such as visual aids, checklists,
mnemonics, and flowcharts are described as tools to sup-
port cognitive processes during complex and demand-
ing tasks [8]. Designed to address cognitive challenges,
these aids are used in real time [9]. Their purpose is to
enhance patient safety, improve health management effi-
ciency, and deliver better patient outcomes, all in combi-
nation with the provider’s clinical judgment and training
[10]. A recent systematic review and meta-analysis dem-
onstrated the positive impact of CAs on reducing errors,
increasing the rate of correctly performed steps, and
improving teamwork in clinical emergencies [11]. How-
ever, the majority of research on CAs has focused on in-
hospital settings [12—19], with limited literature available
specifically for prehospital care [20—24].

For a few decades, prehospital practitioners have used
diagnostic and treatment field protocols to reduce errors
and enhance their performance [25, 26]. Nevertheless,
considerable variation exists in the content and usage
practices of these protocols across different countries and
regions [7, 27]. Even in regions where field protocols are
mandatory, prehospital providers apply them retrospec-
tively, placing greater emphasis on their knowledge base
[1]. In a study by Hagiwara et al. [28], the paper format
of the guidelines or protocols was identified as a major
obstacle to their effective use by prehospital practition-
ers, leading to the creation of various homemade formats.
The authors proposed electronic guidelines connected to
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patient care records and accessible during patient trans-
port as a decision-support solution. A well-designed CA
should offer clear and goal-specific guidance to help pro-
viders prioritise actions, recall treatment steps, consider
relevant diagnoses, and deliver evidence-based care [10].
However, little is known about the development of such
systems in prehospital care.

There are wide disparities in prehospital services in
Lithuania. Currently, EMS lack evidence-based field pro-
tocols, manuals, and other CA systems for practitioners
that are approved nationwide. Moreover, standards of
care vary between institutions, with some implementing
protocols approved by the administration while others
operating without such regulations. However, the exact
usage habits among EMS providers in these institutions
remain unknown. Methodological recommendations for
prehospital care providers based on international guide-
lines and approved by the Ministry of Health are often
impractical in everyday practice and therefore used more
as educational material. At the scene, prehospital provid-
ers have limited decision support and rely primarily on
online medical consultations. Consultations are provided
by the chief medical doctor in the dispatch centre upon
the request of EMS teams. Consultations with neurolo-
gists or cardiac intensive care units regarding stroke and
STEMI patients are also available since the EMS provid-
ers must inform receiving hospitals about these patients
[29, 30]. Nevertheless, there is still a lack of decision sup-
port in other clinical situations. The prehospital patient
care record (PCR) form approved by the Ministry of
Health was implemented in 2014 [31]. However, it serves
mainly as a storage system with little capability to sup-
port decision-making (e.g., stroke, trauma activation
criteria).

Standardised interactive field protocols with evidence-
based diagnostic and management steps for EMS provid-
ers integrated with PCR and allowing for a quick review
of critical information at any time, especially on route
to the patient, are needed. In this study we used simula-
tion scenarios to assess the impact of the CA provided to
EMS practitioners before departure to the scene. The aim
of this study was to evaluate the effects of a newly devel-
oped electronic field protocol (eFP) module as a CA tool
on prehospital providers’ adherence to the standard of
care, performance outcomes, and overall satisfaction in a
simulated environment.

Methods

Study design and participants

We conducted this prospective, randomised, unblinded
study at the Lithuanian University of Health Sciences
(LUHS) between 17 October 2022 and 18 Novem-
ber 2022. The study was approved by Kaunas Regional
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Biomedical Research Ethics Committee (protocol no.
BE-2-80). The study was conducted in accordance with
the Declaration of Helsinki’s ethics standards and its lat-
est amendments. All subjects provided informed consent
for inclusion before participating in this study with the
possibility to withdraw anytime. The manuscript com-
plies with the Simulation-Based Research Extention for
the CONSORT Statement [32].

Prehospital care practitioners from Kaunas Emergency
Medical Service Station in Lithuania were invited to
participate in simulation-based testing of the eFP mod-
ule. We enrolled 16 volunteer practitioners (paramedics,
community nurses, and emergency care nurses) with at
least 3 years of work experience in EMS to ensure a simi-
lar level of competence and to avoid the effect of novice
providers learning from the protocols rather than using
them as a CA. We aimed to have a subject group as
homogenous as possible, so we excluded medical doctors.
They have different knowledge backgrounds compared to
paramedics or nurses and are not the predominant per-
sonnel providing prehospital care nationwide. The pri-
mary effect variable used for power calculation was the
difference in overall simulation performance when using
the eFP module compared with the conventional group.
With the assumption of a difference in means of 20%, a
standard deviation of 10%, a statistical power of 0.8 and
a risk of 0.05 for type-1 error, total sample size of 10 was
required.

Field protocols and simulation scenarios

We tested a set of 12 diagnostic and treatment field pro-
tocols newly developed for this study by interdiscipli-
nary LUHS expert groups. Study participants were not
familiar with the protocols before the simulations. These
protocols were developed as standardised CAs for pre-
hospital practitioners based on current guidelines and
recommended practices in each field, as well as national
healthcare system regulations and available ambulance
resources. The Delphi methodology was used for the
development process. Field protocols covered the fol-
lowing 12 prehospital care topics listed in Table 1. The
protocols were designed as standardised information
sheets (Fig. 1) with critical diagnostic, treatment, and
decision-making steps; medication-dose and/or equip-
ment-selection calculators where appropriate; and the
most important information about complex, dangerous,
or rare clinical conditions that could be reviewed within
a few minutes.

Simulation material for this study was created by expe-
rienced LUHS instructors. Scenarios and standardised
evaluation checklists were developed for each of the 12
field protocols based on the same guidelines and stand-
ard of care recommendations. The authors assessed the
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Table 1 The list of field protocol topics

Topics of field protocols

Adult resuscitation

Pediatric resuscitation
Delivery and postpartum care
Seizures in pregnancy

Stroke

Anaphylaxis

Acute chest pain

Acute abdominal pain
Respiratory distress in children
Severe trauma

Severe infection and sepsis

- = = O O N O U~ W N =

N — O

Initial neonatal evaluation and resuscitation

checklists for usability during trial runs in the simulation
centre. Checklist point values were binary: 0=not per-
formed and 1=performed. The total checklist score for
each field protocol topic was different.

Before the study, all field protocols were transferred
into an electronic platform (HybridLab® at LUHS), and
the electronic field protocol module was created for test-
ing. The electronic platform allowed for the interactive
eFP design with links from the main information sheet to
calculators or other protocols. The HybridLab® platform
was also used to contain simulation material, perform
assessments of participant performance, and collect per-
formance data during simulation sessions.

Before the study, all participants were informed that 12
diagnostic and treatment field protocols would be tested
and were briefed on using all elements of the eFP module.
Each subject was expected to participate in 12 sessions of
predetermined simulated clinical scenarios with or with-
out the assistance of the eFP module. Before simulation
sessions, the randomization of eFP availability for each
field protocol topic was performed with a research rand-
omizer (www.randomizer.org). Until the beginning of the
simulation session, participants did not know which pro-
tocol they would be assigned to simulate or whether they
would have to work with or without the assistance of the
eFP module.

All simulation sessions were managed and scored by
a consistent group of study researchers who were previ-
ously involved in developing the scenarios and evalua-
tion checklists. Simulations were conducted at the LUHS
Simulation Centre using appropriate manikins for spe-
cific scenarios, real ambulance equipment and medi-
cations, and standard Lithuanian EMS electronic PCR
documentation to maintain high-fidelity conditions as
much as possible.


http://www.randomizer.org
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History

Time and mechanism of injury
Circumstances of the incident
Deformation of the vehicle
Speed

Other injured or deceased
individuals involved in the incident

Extraction from the vehicle using
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ﬂimptomai

e Pain

Bleeding

Deformations, bruises, wounds
Altered mental status
Hypotension, shock

Death

o

~

/ Differential diagnosis (life threatening\
conditions)

/

N

Airway obstruction
Chest: - tension pneumothorax
- flail chest
- cardiac tamponade
- open pneumothorax
Abdomen - intemal bleeding
Pelvis/femur - fractures
Head injury

Extremity fractures/dislocations
Hypothermia

J

special equipment
Critical actions

Primary survey ABCDE

e  Pre-existing medical conditions,
surgeries, medications used
Open and maintain the airway
using simple measures

Assess the airway (A)

Keep patient's head in neutral position,
immobilize cervical spine with a collar

immobilization and immobilize cervical

Assess indications for spinal

spine

Apply an occlusive dressing for open
pneumothorax

Examine and palpate the chest (B)

Perform chest decompression

Auscultate the chest and perform
percussion (B)

Administer oxygen if SpO2 < 94%

Measure Sp0O2 (B)

Establish intravenous or infraosseous access

Assess circulation: HR, BP, CRT (C)

Administer 500 ml crystalloid bolus

Assess signs of shock (C)

Apply a pelvic binder if there is unstable pelvic
fracture, immobilize suspected femur fractures’

Examine for internal bleeding: chest,
abdomen, pelvis, and thighs (C)

Stop massive external
bleeding
protocol

If internal bleeding is suspected,
administer 1 g of tranexamic acid i/v

Assess GCS, pupils (D)

Immobilize the patient on the spinal board

Examine anterior and posterior
surfaces of the body (E)

Prevent hypothermia

(

Are there any threatening or
warning signs?

Assess for warning ("yellow flag") signs

Dangerous mechanism:

transport accident

ejected from the vehicle or extricated by
rescuers

pedestrian, cyclist. motorcyclist

patient was injured during an explosion or
shooting

patient fell from a height of >3 meters

there are fatalities in the same vehicle

Risk groups:

Children, pregnant women, age > 55
Pain score > 7 on the pain scale

At least one sign

Urgently transport to the trauma centre. Time at the scene less than 10 min
Notify the receiving facility (MIST)

Fig. 1 Field protocol example
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The time limit for the simulation sessions was 30 min.
Before each simulation, the participant received a brief
synopsis of the case, similar to the information provided
by a dispatcher during an emergency call. Scenarios with
or without the assistance of the eFP module were iden-
tical. Participants allocated to work without assistance
had 15 min to plan their actions independently, while
those working with the eFP module spent 15 min prepar-
ing their plan according to the suggested protocol steps.
Depending on the field protocol topic, possible areas of
suggestion were the critical steps of patient examination
and treatment, the most commonly used medications
and their doses, the most commonly used medical equip-
ment and its application, differential diagnosis list, and
recommendations on transportation to the appropriate
treatment facility. Standard prehospital PCR documenta-
tion was used in all simulations.

Two researchers worked with the participant during
each simulation session: the first researcher led the simu-
lation scenario and assessed participants’ performance in
real time using a predetermined electronic standardised
checklist (assessor), while the second assumed the role
of the EMS team member (assistant) and carried out the
instructions of the participating EMS practitioner (team
leader). EMS practitioners acted independently during
the simulation, with the assisting researcher performing
only auxiliary technical actions. The assisting researcher
could not provide any suggestions regarding diagnostic
and treatment decisions, clarify the simulation scenario,
or otherwise influence the participant’s decisions and/or
actions. Scripted responses were provided for the partici-
pants by the assessor about the present condition of the
simulated patient. After the simulation, the researchers
provided the participant with brief feedback.

Post-simulation survey

After the simulations, all participants were asked to com-
plete an anonymous survey. The survey comprised 36
statements regarding their perceptions of the usefulness
of the eFP module and the simulations. A Likert scale
ranging from 1 (very inaccurate) to 10 (very accurate) was
used to evaluate the degree of the participant’s agreement
with the statement. The survey included a section for
free-text comments.

Statistical analysis

After the study was complete, data were deidentified
and exported from the HybridLab® platform for analy-
sis. IBM SPSS Statistics 27.0 software was used for sta-
tistical analysis. Checklist scores were tallied for every
simulation, and the number of simulation sessions per
participant and per performance method was calculated.
Results of individual performances are demonstrated as
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the number of simulations per participant and evaluation
scores from checklists. Means and standard deviations
(SD) for checklist scores were calculated for both per-
formance modes (with and without assistance) of each
protocol, and the means were compared using Student’s
t test. In both performance modes, the percentage adher-
ence to the checklists was also determined. All reported
p values are two-sided with statistically significant differ-
ences when p <0.05.

Results

Analysis of participants’ performance

We conducted a total of 190 simulation sessions: 95 ses-
sions with and 95 without the assistance of the eFP mod-
ule. Fourteen participants performed all 12 field protocol
simulation sessions. One participant did not attend the
simulation of the “Acute chest pain” protocol, and one
participant of the “Initial neonatal evaluation and resus-
citation” protocol. Participants attended four to seven
sessions with assistance and five to seven sessions with-
out assistance. The detailed characteristics of all partici-
pants’ performance in different simulation scenarios and
their individual scores as checklist points are presented
in Additional file 1. Mean [SD] performance scores were
higher with the assistance of the eFP module compared
to the conventional group (30.43 [8.39] vs. 21.7 [8.06],
p=0.016, respectively). Performance with the eFP mod-
ule was significantly better in each field protocol scenario
subgroup, except for the “Pediatric resuscitation” and
“Delivery and postpartum care” protocols (see Table 2).

Adherence to the standard of care

Using the eFP module significantly increased average
adherence with the standardised checklist—from 60
to 85% (p<0.001). Participants achieved higher mean
adherence with the checklists than our intended 75% in
all simulated field protocols with the assistance, and in no
case was this adherence achieved without the assistance
of the eFP module (see Fig. 2).

Post-simulation survey results

All participants completed the post-simulation survey.
Respondents gave positive ratings (8—10 on the Likert
scale) for most questionnaire items regarding the sim-
plicity of the material, design of the CA, relevance of the
eFP in the clinical setting, and their self-confidence and
satisfaction when using the tool. Participants chose the
most negative ratings (1-3 on the scale) for questionnaire
statements that mentioned too much information, irrel-
evant contents, difficulties in understanding the material
of protocols or the user’s interface of the eFP module.
The results show that the material of the eFP module
was easy to use, compelling in design, understandable,
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Table 2 Comparison of mean checklist scores for every protocol simulation with and without the assistance of the eFP module

Protocol title and performance mode Number of Mean checklist SD P
simulations score

1 Adult resuscitation (without assistance) 8 36.00 8.84 0.021
Adult resuscitation (with assistance) 8 4462 3.20

2 Pediatric resuscitation (without assistance) 7 3342 934 0.058°
Pediatric resuscitation (with assistance) 9 43.00 9.09

3 Delivery and postpartum care (without assistance) 9 16.00 6.48 0.078°
Delivery and postpartum care (with assistance) 7 2142 435

4 Seizures in pregnancy (without assistance) 9 7.77 426 <0.001
Seizures in pregnancy (with assistance) 7 18.57 1.81

5 Stroke (without assistance) 7 26.14 5.58 0.007
Stroke (with assistance) 9 35.00 5.56

6 Anaphylaxis (without assistance) 7 1857 3.99 0.002
Anaphylaxis (with assistance) 9 2444 229

7 Acute chest pain (without assistance) 6 26.00 6.32 0.034
Acute chest pain (with assistance) 9 31.55 2.69

8 Acute abdominal pain (without assistance) 9 1944 6.98 0.001
Acute abdominal pain (with assistance) 7 31.57 427

9 Respiratory distress in children (without assistance) 7 1342 5.02 0.008
Respiratory distress in children (with assistance) 9 19.33 244

10 Severe trauma (without assistance) 9 23.66 4.84 0.002
Severe trauma (with assistance) 7 3242 439

11 Severe infection and sepsis (without assistance) 9 17.11 7.83 0.001
Severe infection and sepsis (with assistance) 7 30.00 408

12 Initial neonatal evaluation and resuscitation (without assistance) 8 2287 548 <0.001
Initial neonatal evaluation and resuscitation (with assistance) 7 33.28 1.25

2 No statistical significance

and relevant to clinical practice. Moreover, the results
indicate that this tool will help providers feel better pre-
pared to care for the patients. Participants found the
simulations useful, felt positive after the sessions, and
appreciated the feedback. Results of the questionnaire
and representative comments of the participants are pre-
sented in Additional file 2.

Discussion

We aimed to evaluate the effect of the eFP on EMS pro-
viders’ performance and adherence to the standard of
care in managing simulated scenarios compared with
their performance based on memory alone. The study
demonstrated that the assistance of the eFP module sig-
nificantly positively impacted participants’ performance
during 10 out of the 12 predetermined field protocol
simulation scenarios. Furthermore, the percentage mean
adherence to the standardised checklist was significantly
higher when participants used the eFP module. Similarly,
previous studies in prehospital [20, 22—-24] and hospi-
tal settings [15, 18, 33, 34] have shown improvement in
provider performance and adherence to the guidelines

using different types of CAs and decision support sys-
tems. However, some studies show conflicting results.
For example, McMillan et al. found that CAs did not
prompt the initiation of cardiopulmonary resuscitation,
which resulted in errors during simulated paediatric car-
diac arrest situations [17]. The authors discussed that the
reason was an incorrect choice of the CA, possibly due
to inadequate training and experience of participants
or flaws in the CA design. Problem-oriented eFPs used
in our study could prevent participants from making
incorrect choices. Our study did not show such negative
effects as mentioned above.

Nevertheless, we found no statistical difference in
participant performance in simulations of “Pediatric
resuscitation” and “Delivery and postpartum care” top-
ics. We can only speculate that participants’ experience
with these situations in real life and background training
might have superseded the eFP suggestions and resulted
in similar actions with or without the eFP during a given
scenario. This finding also suggests a failure of the par-
ticular eFPs to trigger the appropriate tactics. Another
possible reason could be a lack of simulation fidelity in
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Fig. 2 Participants’adherence to the standardised checklists in simulations with and without the assistance of the eFP module

these topics. Small number of participants could also
influence the statistical significance as there were also
small number of simulations performed.

The difference in the standard deviation between the
group that utilized the CA and the group without assis-
tance can be noticed. Lower standard deviations in the
group with assistance across all scenario topics suggest
a trend towards more stable performance and more con-
sistent adherence to recommended protocols.

Our study participants had at least 3 years of experi-
ence in EMS, yet despite the assistance of the eFP mod-
ule, most of them did not achieve the highest evaluation
scores and adherence with the standardised checklists.
The reason could be that the participants were exposed
to the full eFP material for the first time only 15 min
before the simulation. This factor suggests that par-
ticipants’ ability to retain prompt information may vary
and could be influenced by the design and visualisation
of the eFP module. Previous studies have shown that
familiarisation with CAs [35] and a simple linear design
rather than a branched design [36] are important factors
for more effective CA use. The comparison of different
eFP designs could be an area of future research. Trends

in participants’ performance could be associated with
different background knowledge compared to the eFP
material. The function of CAs is not to have novices learn
from them but to support providers in remembering
critical information during cognitive crises [9]. There-
fore, CAs may not trigger recall if providers’ background
knowledge on the topic is different. However, CAs can-
not supersede clinical expertise and decision-making and
problem-solving abilities [33]. Nevertheless, our study
demonstrates that the intended>75% adherence with
diagnostic and treatment protocol checklists using the
eFP module was achieved in all scenarios.

Although this study involved a small sample of employ-
ees from a single institution, disparities in individual per-
formance were observed among these employees, despite
already inferior scores in simulation scenarios without
the assistance of the eFP module. This finding highlights
the importance of protocols and standardisation not only
within a single EMS station but also across all institutions
providing prehospital care in the country.

The post-simulation survey results indicate that partic-
ipants found the material of the eFP module to be clear,
concise, user-friendly, visually appealing, and relevant
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to their clinical practice, although some indicated that
its complexity was too high. The eFP module was not
intended for learning, as discussed earlier, yet some par-
ticipant answers indicate this effect. Other studies show
the positive perceptions of clinicians about the use of
CAs, where participants indicated they would use these
tools if the tools were available during an emergency [18,
37].

Limitations

A limitation of this study is that it was performed in a
simulation environment. Therefore, our findings should
be interpreted within the context of our study design. The
effect of the use of eFPs on clinical outcomes in the pre-
hospital setting is yet to be established. Prehospital cases
undoubtedly are more complex than we could simulate
because of different and constantly changing environ-
ments, and whether the effect on adherence with recom-
mendations would increase or decrease is unclear. The
simulation environment, with the researchers present
during the sessions, could also have impacted the results,
as it could influence participants’ motivation to perform
better. The wide range of scenario topics required dif-
ferent types of simulation resources, which negatively
impacted simulation fidelity. Since some of the scenarios
required scripted responses from the instructor and oth-
ers could be conducted without them, we chose a unified
method with the instructor (assessor) present. The sec-
ond instructor could have provided answers on the pro-
gress of the scenario, but the concept of the EMS team
member would have been lost. In situ simulation studies
might better approximate the effectiveness of a new tool
[18]. However, the feasibility of this type of study in a pre-
hospital setting is limited.

Another limitation of this study is the small number of
participants from a single urban EMS institution. There-
fore, large-sample, multi-institutional studies need to be
performed involving participants from different regions
to investigate whether these results are generalizable.
Furthermore, the study was conducted in the Lithuanian
context, which can be limited in generalizability to other
countries with different prehospital systems.

Another possible limitation is the risk of contamination
because of information leakage among participants. The
reason is that the study went on for a few weeks and the
sample was a small group of participants from the same
institution.

Subsequent studies should employ additional simu-
lations to assess the participants’ performance using
video surveillance without the presence of researchers.
A more thorough analysis of the effectiveness of indi-
vidual eFPs and continuous improvement of participant
performance through consistent use of the eFP module
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should also be studied. Future research could also
address the effects of the eFP module on teamwork and
other non-technical skills, EMS providers’ performance
in a real environment, and eFP integration with prehos-
pital patient records.

Conclusions

Our study shows that a standardised approach using
the newly developed eFP module as a CA is effective in
improving EMS providers’ performance and adherence
to the standard of care in a simulated environment.
This is a first step towards electronic decision support
for prehospital providers and quality improvement in
prehospital care in Lithuania.
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