
Protocol

Validation of an Infarction Code Care Checklist and Determination
of its Relationship With Other Patient Safety Indicators: Protocol
for a Prospective Study

Encarna Sanchez Freire1,2, MSc, MD; Josep Vidal-Alaball3, MPH, MD, PhD; Aïna Fuster-Casanovas3,4, RPh, MSc;

Queralt Miró Catalina3, MSc, PhD; Joan Cartanyà Bonvehí1, MD; Josep Lluis Garcia-Domingo5, PhD
1University of Vic-Central University of Catalonia, Faculty of Medicine,, Vic, Spain
2Equip d'Atenció Primària d'Artés, Gerencia Territorial d'Atenció Primària i a la Comunitat de Catalunya, Artés, Spain
3Unitat de suport a la recerca, Gerència d'Atenció Primària i a la Comunitat Catalunya Central, Institut Català de la Salut, Sant Fruitos De Bages, Spain
4eHealth Lab Research Group, School of Health Sciences and eHealth Centrem Universitat Oberta de Catalunya, Barcelona, Spain
5University of Vic-Central University of Catalonia, Vic, Spain

Corresponding Author:
Josep Vidal-Alaball, MPH, MD, PhD
Unitat de suport a la recerca, Gerència d'Atenció Primària i a la Comunitat Catalunya Central, Institut Català de la Salut
Pica d'Estats 13-15
Sant Fruitos De Bages, 08272
Spain
Phone: 34 936930040
Email: jvidal.cc.ics@gencat.cat

Abstract

Background: In the care of time-dependent illnesses, facilitating care and systematizing actions with a checklist provides
security to health professionals and reduces errors, thereby increasing patient safety. However, despite the widespread use of
checklists in other clinical contexts, no studies have yet validated a checklist specifically for infarction code care.

Objective: The objective of this study is to validate the checklist and determine its relationship with the rest of the patient safety
indicators in the primary care teams of the Catalan Health Institute of Central Catalonia.

Methods: This is a prospective study for the validation of a checklist for infarction code care. In this study, 2 clinical scenarios
of varying difficulty are defined, and the correct answers are established in each case according to the gold standard guidelines.
During the first 3 months of the ongoing year, we held an annual training meeting where infarction code referents from various
primary care teams gathered to review the new guidelines and outline the training strategy for the next year. These referents
conducted annual training sessions for their respective teams before Easter, during which they explained the new guidelines. On
the same day as the training, the 2 clinical scenarios were completed using the online version of the checklist for the first time
for all participants. The checklist was sent in digital format to all health professionals who responded the first time, and then a
reminder was sent to respond a second time at 30, 45, and 90 days to obtain the maximum number of second responses, as the
checklist should be completed twice to assess internal reliability and temporal robustness. The number of hits was compared with
respect to the gold standard for both the first and the second response. The results obtained from the responses and accuracies,
when compared with the gold standards, were evaluated against other available patient safety indicators in the region.

Results: Between January 2023 and May 2023, we obtained 615 responses to the online version of the checklist. We conducted
analyses to assess both internal consistency and temporal robustness of the responses and have also structured the framework for
comparing these results with other patient safety indicators available in the region. Data analysis is currently underway, and we
expect to publish the results in early 2026.

Conclusions: If the checklist demonstrates strong internal consistency and temporal robustness and shows a meaningful
relationship with patient safety indicators, it could be implemented across primary care centers using the infarction code. This
would support safer, more standardized care in time-sensitive clinical situations.

Trial Registration: IDIAP Jordi Gol 4R22/343; https://idiapjgol.org/grup-recerca/prosaaru/projectes/

International Registered Report Identifier (IRRID): DERR1-10.2196/66584
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Introduction

Background
Cardiovascular diseases are the leading causes of death
worldwide. According to the data from the World Health
Organization (WHO), an estimated 17.9 million people died
from cardiovascular diseases in 2019, representing 32% of all
deaths, of which 85% deaths were from ischemic heart disease
and cerebrovascular disease [1].

A cardiovascular risk factor (CVRF) is a biological characteristic
of individuals that increases the probability of developing or
dying from cardiovascular disease. However, as this is a
probability, having no risk factors does not preclude individuals
from developing cardiovascular disease nor does the presence
of one or more CVRFs necessarily imply a future cardiovascular
disease [2]. CVRFs, such as unhealthy diet, physical inactivity,
or harmful consumption of alcohol and tobacco, are highly
prevalent in Spain. Thus, the optimal setting for a comprehensive
approach to the prevention and follow-up of cardiovascular
pathologies is primary care.

In the context of primary care, health education through a
comprehensive approach to CVRFs is essential in the prevention
of cardiovascular diseases. In this regard, the preventive
measures to be carried out once cardiovascular risk has been
assessed should include interventions aimed at the adoption of
healthy lifestyles and relevant pharmacological measures [2].
In addition, the clinical guidelines of the Spanish Society of
Cardiology on myocardial infarction state that strategies should
focus on minimizing the delay in initiating reperfusion treatment
(both by pharmacological and mechanical means) because this
pathology is characterized by being time dependent [3].

The latest management guidelines for this pathology establish
as a priority an electrocardiogram– percutaneous coronary
intervention (PCI) time of no more than 120 minutes [4]. The
delay in these times is mainly determined by 3 factors: the delay
in the patient’s consultation, the delay in the interpretation of
the semiology by the health care professionals, and the delay
in transport. Delay in any of these 3 factors leads to an increase
in the electrocardiogram-PCI time [5]. Although response times
in rural areas are longer than in urban areas, studies suggest that
all guidelines should be complied with equally well [4]. Delayed
care in rural areas is mainly due to delayed transport, which
increases the number of deaths from acute coronary syndrome
with ST-segment elevation [5]. Therefore, the potential impact
on mortality and morbidity of the measures carried out in the
period immediately after acute myocardial infarction (AMI)
justifies the development of strategies with the aim of arranging,
prioritizing, and systematizing actions. If we implement these
strategic measures in scattered population centers that are
located farther from the centers where PCI can be performed,
the need for such measures becomes even more important.

One possible strategy that could be useful would be to try to
minimize the time to initiate treatment. Despite the use of
information and communications technologies, experience with
training videos for health care personnel is not very evident.
However, several sources claim to have evidence of good results
for training videos that teach necessary techniques; therefore,
greater expertise could reduce the time taken by the practitioner
to act [6-8]. The study by Lane et al [9], in which 75 health
professionals participated, concluded that training videos
improved their knowledge regarding the application of
assessment scales. Most studies also show that the comfort level
of health professionals with a given technique or procedure
increases after viewing a training video [10]. By contrast,
designing a checklist and providing training in this tool, so that
health professionals are familiar with it, gives security to health
professionals and reduces errors in assistance [11,12]. The
checklists are applied and validated in surgical care in particular
[13,14], and they allow individuals to systematize actions and
address them in order of priority, ensuring that if the checklist
is followed, adverse incidents in care will be minimized, and
no step that compromises the safety of care or patient safety
will be forgotten.

Checklists have been studied and implemented in emergency
departments not only for the management of specific syndromes
but also to systematize actions and guide diagnoses. Their use
has been shown to increase adherence to established protocol,
reduce differential diagnostic errors, improve patient
examination findings in specific syndromes, and decrease errors
in test interpretation [15-17]. It has been shown that in situations
of cognitive overload, such as emergency departments where
long shifts, high-stress, and urgent situations are common,
checklists can make diagnosis or interpretation easier as they
help manage the overload [18].

Most checklist validations are conducted based on expert
consensus, such as the WHO Surgical Safety Checklist [19];
other studies have used Delphi methodology [20,21], and there
are no checklist validations published in the literature using the
proprietary methodology of questionnaire validation.

In 2017, a checklist for action in the AMI code in Central
Catalonia was drawn up with the aim of facilitating data
collection and guiding the action to be taken by the primary
care health care team. The checklist was formulated by a
working group created specifically for this task, along with the
participation of primary care physicians from the Catalan Health
Institute (ICS) of Central Catalonia, the Territorial Directorate
of the Medical Emergency System of Central Catalonia, and
the person responsible for the AMI code of the Medical
Emergency System of Central Catalonia at the time. A checklist
was agreed upon by following the guidelines in force at the time
and the care protocols of the 2 institutions.

Central Catalonia is made up of 6 counties: Bages, Berguedà,
Lluçanès, Moianès, Osona, and Anoia, corresponding to a
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population of 525,000 inhabitants and 32 primary care teams
(one of which is a prison team). It is mostly rural territory with
a high dispersion index. AMI code training is mandatory for all
ICS medical and nursing professionals once a year and is done
via an online course or through regulated clinical sessions. The
sessions are led by the AMI code referents of each team, who
are medical or nursing professionals who receive updated
training each year and are responsible for disseminating the
information from the training to their colleagues. In those
training sessions, the use of the checklist is explained to the
participants.

The checklist is available in paper format in all emergency
departments of primary care centers, local clinics, continuous
care points, and primary care emergency centers and also with
the prison primary care team. Copies are also available in urgent
and emergent care backpacks, as part of our procedures for

urgent and emergent situations. However, the use of the checklist
is not mandatory, and practitioners can choose whether to use
it.

Given this situation of nonuniformity in the use and lack of
validation of the tool, it was decided to take advantage of the
checklist developed in 2017 and validate it for infarction code
(AMI) care in primary care, demonstrating that it can increase
patient safety as shown by numerous studies [22-24] or the
WHO’s own Surgical Safety Checklist [19].

Objectives
Therefore, the aim of this study is to validate the infarction code
care checklist in terms of internal consistency and temporal
robustness and explore its relationship with existing patient
safety indicators in primary care settings in Central Catalonia
(Table 1).

Table 1. Available patient safety indicators.

ExplanationIndicator

Indicator of continuous care notifications; section on urgent care includes incidents involving
the care of pathologies that must be treated between primary care and hospital care

GLPIa (incident logging in the territory’s own inci-
dent collection application)

Cardiovascular disease indicator and safety self-audit; allows us to know how well or poorly one
is prescribing treatment to users with cardiovascular disease

EQPFb (pharmaceutical prescription quality stan-
dard [25])

An indicator of cardiovascular disease; reports on the degree of compliance with the agreed-upon
care guidelines for cardiovascular diseases and the good or bad monitoring of patients according
to the indicators of these guidelines

EQAc (standard of care quality [26])

Encompasses the collection of patient safety incidents reported by practitioners related to un-
scheduled, urgent, and emergent care

Number of safety incidents reported to the Safety
Incident Notification System of Catalonia [27]

Indicators of the emergency department checklist; indicators of the use and supplementation of
the checklist for the equipment and spaces where urgencies and emergencies are treated in pri-
mary care centers, which should be used by health professionals

Degree of use of the checklists of the Proactive
Patient Safety Application of Catalonia [28].

aGLPI: incident logging in the territory’s own incident collection application.
bEQPF: pharmaceutical prescription quality standard.
cEQA: standard of care quality.

Methods

Design and Setting of This Study
This is a prospective study for the validation of a checklist for
infarction code care. The author of the initial checklist, who is
also the leader of the first working group, along with the
principal investigator of this study, has updated the 2017
checklist in accordance with the current guidelines (Multimedia
Appendix 1). To facilitate data collection during the study, the
updated checklist has been converted into a Microsoft 365 Forms
questionnaire, an ICS corporate tool, to be completed online.

Two clinical scenarios of different clinical difficulty have been
defined. The gold standard was determined by the authors for
these 2 scenarios, complementing a checklist for each scenario
following the guidelines in force at that time.

To validate the checklist as an effective intervention tool, we
compared the information collected in the checklist from 2
proposed clinical scenarios with the gold standard guidelines,
asking the health professionals to complement it. This allowed
us to determine the internal consistency. In addition, the health

professionals were asked to complete the checklist again after
a few days. We assessed the temporal robustness by comparing
the data collected in the first and second responses.

To ascertain the relationship with patient safety, the available
safety indicators (Table 1) allowed us to compare the success
of both scenarios with the safety culture of the teams.

Participants
All physicians and nurses of the 32 primary care teams, the 3
territorial continuous care emergency care teams, and the prison
primary care team of Central Catalonia of the ICS who were
working from January 2023 to April 2023 were invited to
respond, totaling 921 health professionals. A total of 921 health
professionals were invited to respond.

Procedure
Starting from the checklist agreed upon in 2017 by a group of
experts, the author of the first checklist (from the 2017 proposal)
and one of the collaborators and principal investigator of this
study updated the paper format with the new European
guidelines for action [4].
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Once the checklist was updated, it was transformed into an
online format via Microsoft 365 Forms to validate it through 2
simulated clinical scenarios (Multimedia Appendix 2) of
different difficulty levels and presentations.

The functionality was tested with the authors involved in this
study. Once the best option was agreed upon, the checklist was
tested with the AMI code referents (n=39) to check its
functionality, and they were asked for their opinion and whether
they thought improvements were needed to facilitate its
implementation. Their inputs were considered, and some
changes were made to improve the online version of the
checklist.

The correct answers or the correct complementation for both
scenarios were defined as the “gold standard.” They were
determined for each of the 2 scenarios, complementing a
checklist for each scenario following the guidelines in force at
that time (Multimedia Appendix 3).

At the same time as the actualization of the checklist, the AMI
code referents from the different primary care teams were called
to a training meeting to review the criteria for action according
to the new guidelines, define how to provide training for the
following year, agree on the dates with them to ensure that it
has been completed in the first quarter of the current year, and
explain them the operation of the checklist.

This procedure is already common in the region; AMI code
training is organized through the AMI code referents in each
team. They are the ones who receive the updates and pass them
on to their teams.

The plan was that the AMI code referents would provide the
annual training to the teams, and during that time, they would
explain the checklist to the nurses and physicians of their teams
and ask them to complete 1 checklist for each clinical scenario.
On the same day as the training, the 2 checklists were completed
for the first time (day 0). Therefore, the 2 checklists were
completed for the first time (day 0) during annual AMI code
training by all medical and nursing professionals during the
period from January 2023 to May 2023.

All those health professionals who complete the checklist on
day 0 will be asked to complete it again for a second time
randomly after 30, 37, or 45 days to see the evolution of the
answers over time. Half of them will be sent an email after 30
days, and if they do not answer, an email will be sent again after
37 days. The other half will be emailed after 37 days and, if
they do not respond, they will be emailed again after 45 days.
There will be a final roundup between 45 and 60 days with a
reminder being sent to all those who have not responded (Figure
1).

Figure 1. Sampling procedure. AMI: acute myocardial infarction; CL: checklist.
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Potential biases in participant selection could be as follows:
health professionals do not attend the annual AMI code training,
health professionals do not complete the online version of the
checklist during the annual AMI code training, and health
professionals do not complete the checklist a second time when
it is sent to them online.

The strategies that can possibly avoid these biases are mentioned
subsequently. AMI code training is mandatory for all health
professionals and is linked to the payment of variable
remuneration based on objectives. During the training, AMI
code referents supervise and encourage health professionals to
participate, and during the second time of completing the
checklist, several reminders are sent by email asking participants
to complete the checklist.

The questionnaire will have different sections. In the first part
of the online questionnaire, health Professionals must read and
sign the informed consent and agree to the data protection terms.
In this first part, the health professionals will be informed that
they need to complete the questionnaire a second time 30, 37,
or 45 days after the completion of the first questionnaire, and
they will be asked for their corporate email ID (which they can
provide voluntarily) so that we can resend the questionnaires.

In the second part of the questionnaire affiliation data will be
collected, including health professional category, year of
graduation, how many years they have been practicing their
profession, how long they have been trained in the AMI code,
in which team they work, and the time they need to fill in the
checklist. To compare the answers of the same health
professional between the first response and the second response
to the questionnaire, a code that is the same both times (4 letters
of the health card and the last 4 digits of the personal telephone
number) must be entered into the questionnaire.

In the third part, the health professionals will then move on to
the questionnaire part, where they will find the clinical scenarios
and then the questions or actions of the checklist that they will
have to check or complete. Only completed checklists will be
analyzed. To proceed with the online version, selecting an option
is mandatory; questionnaires that are not completed till the end
will not be counted, as incomplete responses are not saved in
Microsoft Forms 365.

Sampling Method
This study followed a convenience sampling method. A total
of 921 medical and nursing professionals were invited to
participate, and the questionnaire was sent out at 30, 45, and 90
days to respond again.

To obtain estimates with 95% CIs and a replacement rate of 5%
and assuming percentages of 50% to ensure all estimates, 405
health professionals will need to respond to the questionnaire.

Statistical Analysis
The sociodemographic variables of the sample of health
professionals who responded to the checklist will be described
by means of absolute frequencies and percentages. To evaluate
the use of the checklist of clinical scenarios, a total score will
be obtained for each case by adding the total number of items
answered correctly. The total score for clinical scenario 1 is 40

points, and the total score for clinical scenario 2 is 42 points.
There are 2 questions in the 2 scenarios where the maximum
score is 2: name and onset of pain. In these 2 questions, if
answered correctly, a score of 2 points is obtained; conversely,
if answered with minor variations in the correct answer, a score
of 1 point is obtained. The scoring system is accurately
explained in Multimedia Appendix 3.

The results were converted to a 10-point scale for easier
interpretation. The total scores of each case were described for
the total sample and according to each category of the variables
analyzed with means and SDs. ANOVA contrast will be used
to compare scores between categories. In addition, the
percentage of items answered correctly or incorrectly will be
evaluated.

To validate the checklist, the “Fleiss κ” value will be estimated
to analyze internal consistency and the intraclass correlation
coefficient value to evaluate temporal consistency. In addition,
the scores obtained in each clinical scenario will be compared
between the response times (test retest).

The analyses will be performed using the statistical software R
(version 4.2.1; R Foundation for Statistical Computing); the
95% CIs and the significance level will be set at 5%. On the
one hand, we will have the responses collected from the
checklist questionnaire sent using Microsoft 365 Forms, and
on the other hand, we will have the data from the dashboards
of the different patient safety applications (Table 1).

Ethical Considerations
All data extracted for the study will be anonymous, and
confidentially will be maintained following the ethical principles
of the 1964 Declaration of Helsinki, the European Data
Protection Regulation 2016/679, and the Spanish legislation via
Law 3/2018 of April 27 on Data Protection. The Organic Law
3/2018 of December 5 on the Protection of Personal Data and
the Guarantee of Digital Rights will also be complied with.

We ask for consent in the first part of the online questionnaire
as stated in the Procedure section. All information will be treated
confidentially; there is a personal commitment to confidentiality
that prevents the dissemination of the data consulted for the
preparation of the work.

The research team will have no access to identifying data of the
participants, directly or indirectly, under any circumstances.
The participants will be informed in the same online
questionnaire about the objectives of the study and will also be
asked to accept the conditions by signing the informed consent
in the same questionnaire. The participants did not receive any
financial or material compensation for their participation in the
study.

To validate the checklist, the data from the checklist
questionnaire database will be coded because the participants
who complete the checklist will generate a code, which the
researchers can then cross-check to compare results, and at no
time will they be able to reidentify the person.

This study received ethics approval from the research ethics
committee of the Foundation University Institute for Primary
Health Care Research Jordi Gol i Gurina (22/211-P).
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Results

We collected 615 responses to the online version of the checklist
between January 2023 and May 2023. Throughout 2024, we
analyzed the internal consistency and temporal robustness of
the responses. The framework for integrating these results with
patient safety indicators from various applications has been
developed, although the comparative analysis is not yet included
in this version of the manuscript. Data analysis is currently
underway, and we expect to publish the results in early 2026.

Discussion

Overview
This study aims to validate a checklist designed for infarction
code care in primary care settings by assessing its internal
consistency and temporal robustness. We anticipate that the
checklist will demonstrate strong reliability across repeated
applications and that higher checklist scores will be associated
with better performance on established patient safety indicators.
These findings would support the checklist’s potential as a
useful tool for standardizing care and enhancing patient safety
in a time-dependent clinical situation as AMI.

Anticipated Findings
The primary objective of developing and validating a checklist
is to enhance patient safety. The use of simulated clinical cases
or scenarios has been used by various authors as a method for
testing checklists [11,24]. Therefore, the proposed study
represents a valuable approach to validation, particularly given
the limited number of existing studies that go beyond expert
consensus or the Delphi methodology [20,21].

Comparison to Prior Work
According to Kohn et al [29], checklists play a crucial role in
the patient safety improvement process. First, they help avoid
reliance on the health professional’s memory. By standardizing
processes and reducing dependence on the memory of health
professionals who may be unfamiliar with the procedures or
equipment, checklists contribute to safer care. Both protocols
and checklists in this context can enhance patient safety. Second,
checklists help reduce the need for health professionals to remain
vigilant for extended periods. By providing a checklist and
mandating its use, some actions can be automated, further
improving safety.

However, checklists can also increase patient safety indirectly
by improving other aspects of care. They increase risk
identification and decrease errors [24]; improve emergency
management and guide the actions of health professionals [11];
provide a record of tasks or actions to be performed, increasing
the likelihood that they will be performed [30]; increase
cooperation among health professionals; and prevent some
adverse effects [22].

It has also been shown that the identification of communication
errors is the common root cause of many adverse events and
patient safety incidents. This fact has motivated the development
of actions to improve communication, including the
development of checklists that reduce the variability of clinical

practice, standardize the transmission of information, and help
avoid forgetting some details [31].

Strengths and Limitations
In AMI code care, especially in primary care and in rural areas
where extensive travel is required, the availability of a checklist
may be essential to guide the actions of nonexpert professionals
[11] in a pathology that is time dependent [4]. Working with
checklists provides a record of the work to be done, but it is
difficult to know if it has actually been done as stipulated.
However, the mere reminder of the things to do from the
checklist increases the safety of the patient, no matter how little
the increment is [30].

That being said, it should be kept in mind that checklists only
work if there is a knowledge base to organize clinical practice,
and they are not a “one size fits all” solution. The
systematization of compliance of “done” tasks is not a guarantee
that they are really done or that other details not contemplated
in the checklist are not missing [31], and training for their use
is needed [24].

Although checklists are not a definitive solution, they can
standardize care by decreasing variability and complications
and allowing for continuous quality improvement of care teams
[11]. In this sense, the availability of a validated, contrasted
tool that is adjusted to the knowledge of the health professionals
of the territory can guide the actions and improve the care of
patients with this pathology.

The main limitations of the study are that the response time of
the checklist is long and that it has to be answered twice, which
can lead to participant losses, considering that the maximum
number of people who can respond is approximately 900.
Furthermore, the degree of training in the AMI code is different
among health professionals. Although training is mandatory for
health professionals once a year, it cannot be assured that they
have completed it or that they have completed other
complementary training. In addition, care guidelines are
frequently updated, and we may encounter changes in the gold
standard. Another limitation is the problem of external validation
due to a small convenience sample without geographic
stratification or stratification according to health professionals’
experiences as well as the ecological validity of the study due
to using only simulated instances and not real cases.

As for the last limitation, we might find that health professionals
do not agree to being contacted via corporate email after 30,
37, or 45 days.

Future Directions
The analysis of checklist responses and their persistence over
time (at 30, 37, and 45 days) will provide insight into whether
health professionals retain the necessary knowledge and are
able to act appropriately following training. Furthermore, it will
help identify potential deficiencies in training or management,
as reflected by unsatisfactory responses. Teams that perform
well in quality and prescription standards typically demonstrate
a strong patient safety culture and, consequently, are expected
to achieve higher scores in the completion of other checklists
(Proactive Patient Safety Application of Catalonia) [28] and in
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patient safety applications, such as the Safety Incident
Notification System of Catalonia [27].

In parallel, the checklist could be further validated with more
health professionals to have a more representative sample and
ensure external validity as well as incorporate real-world cases
in addition to the simulated ones.

Dissemination Plan
If the checklist is validated, we plan to disseminate it across all
primary care teams of the ICS in Central Catalonia and the rest

of the ICS teams. The dissemination strategy will include the
development of training materials, integration into annual AMI
code training sessions, and publication of implementation
guidelines through institutional channels. Results will be shared
in professional meetings and presentations. In addition, we aim
to publish the final findings in peer-reviewed journals and
present them at national and international conferences to support
broader adoption and encourage replication in other health care
settings.
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