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Abstract

Introduction: Time tracking of acute stroke assistance is crucial for treatment goals. Resources availability varies
among stroke centers. We aim to assess a low-cost mobile app's impact on collecting stroke assistance times in a
traditional hospital.

Patients and Methods: Neurology consultants and residents tested the application prototype voluntarily from July 14
to September 30, 2021. A prospective observational study, based on pre- and post-implementation anonymous
satisfaction surveys, was designed. While the primary objective was not data comparison, the stroke assistance time
data were collected and compared with 2019 same months.

Results: The majority of volunteers (9/12) actively used the application. Most of them (88.8%) were satisfied both in
terms of using the app and their confidence in registering patients. All users found it to be user-friendly and a valuable
tool for data-driven decision making allowing an effortless data storage. The app notably decreases their perception of
inaccurate or lost data and increases their motivation to record and improve stroke assistance times. Data collection
process was standardized. Treated patients accounted for only 31% of total stroke phone calls (16/52). The median
door-to-needle time was 20 minutes, IQR 12.5-26 minutes, showing a 16.6% relative reduction compared to the
previous same period.

Discussion and conclusions: An easy-to-use time-tracking app can boost team motivation, streamline stroke care
evaluation, and potentially improve response times. However, more research is needed for a comprehensive
assessment.

Keywords: Storage and Retrieval; Mobile Applications; Stroke; Time Management; Time-to-Treatment;
User-centered design.

Introduction

Stroke is a highly relevant pathology within the healthcare system due to its high incidence, morbidity, mortality, and
economic burden. In Spain, a stroke occurs every six minutes, making it the second leading cause of death overall, the
primary cause among women, and the third among men [1]. Furthermore, stroke stands as a leading cause of long-term
disability in adults [2].
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Of all cerebrovascular cases in our country, approximately 81% are attributed to ischemic strokes [3]. Research
consistently shows that administering reperfusion therapy earlier significantly improves survival rates and functional
outcomes [4-6]. Consequently, optimizing the time to treatment initiation is a crucial goal in acute ischemic stroke care.
Establishing and actively monitoring specific timeframes is recommended to enhance performance [7].

The methods for tracking and storing assistance times vary among institutions, with a significant number previously
relying on pen and paper approaches. The manual data entry process is time-consuming and prone to human error,
complicating the ability to make timely decisions and often relying on non-updated or inconsistent data. While the
impact on specialists' work and data accuracy has not been a primary concern, the advent of digitalization introduces
new possibilities. In contemporary healthcare, smartphones have become indispensable tools for physicians, enabling
fast and easy access to information. Mobile applications have proven useful for various healthcare tasks, including
pre- and intra-hospital management of acute stroke. Several studies [8-15] have yielded promising outcomes by
effectively reducing the time to treatment initiation, enhancing interdisciplinary coordination, and minimizing data
extraction and processing durations. Despite the evident benefits of technology and mobile applications in streamlining
healthcare processes, there remains a notable absence of their integration within stroke assistance in Spain. While some
regions have adopted digital systems, yet the majority still lack real-time data collection via mobile technology. This gap
poses additional challenges when collecting data and sharing it across the different healthcare systems in the country.

A low-cost mobile application prototype, Victus, was developed using a human-centered design approach for the
purpose of improving the code stroke times register at Santa Lucia University General Hospital. This study aimed to
investigate the benefits of this implementation in a traditional, manually-operated hospital setting.

Methods
Study Design

An observational, prospective, single-center study was designed to evaluate the impact of implementing a new app for
recording the assistance times of stroke code patients. Anonymous satisfaction surveys before and after implementation
were utilized as the primary data collection method among stroke care professionals who voluntarily adopted the app.
Historical data served as a control to assess the new system's repercussion on assistance times.

The study was conducted at Santa Lucia University General Hospital in Cartagena, Spain, a level two hospital that serves
around 422,000 habitants in our region [16], from July 14 to September 30, 2021. The hospital operates under a
drip-and-ship model, providing 24-hour access to specialized acute stroke care and intravenous thrombolysis through an
on side on-call neurologist and a dedicated Stroke Unit.

The subjects of our study were volunteer neurologists and neurology residents who routinely handle stroke code
patients at our hospital. They evaluate clinical information provided by the first attending physician over the phone,
make decisions regarding code stroke activation, record assistance time data, and provide care to stroke patients upon
their arrival.

Volunteer testers collected prospective stroke code data for all consecutive, unselected patients undergoing acute stroke
evaluation not including personal patient information.

Being an evaluation process without identifiable patient information or intervention, and based on anonymous
qualitative interviews the Research Ethics Committee approval was not required.

The Application

Recognizing the critical importance of time recording in stroke code situations, the primary researchers, CSV and AM,
embarked on a product discovery phase and identified the need for a user-friendly and precise solution. This led to the
development of a mobile application prototype called Victus App. This product was thoughtfully designed with a human-
centered approach, addressing the unique needs and challenges faced by on-call neurologists at Santa Lucia
University General Hospital and effectively addressing the pain points discovered within the user flows in stroke code
situations.
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The Victus App was developed using the versatile no-code application development platform, AppSheet, which is HIPAA
compliant and compatible with Desktop, i0S and Android devices. AppSheet harnesses the capabilities of Google Cloud
and Google Workspace, enabling us to instantly record stroke code data from the app into a Google Cloud spreadsheet.
To safeguard patient privacy, no identifiable patient information was included.

The VICTUS App had several key features that allowed users to:

1) Label Onset Activation type: unknown, wake up, known onset.

2) Categorize Stroke Activation as in- or extra-hospital case,

3) Log times in a frictionless way by a single touch of a button for each step: Onset time, Call time, Arrival time, CT time
and Needle time.

4) Collaborate on the same case through multiple devices.

5) Gain visibility of registered times enhancing alertness.

6) Record Treatment Decisions including whether deactivation or which reperfusion treatments were administered.

7) Synch Data instantly with a cloud database for efficient data management.

A functional prototype, meticulously designed to meet the key criteria set by the primary researchers (compatibility with
i0S and Android, user-friendliness, efficient time recording, and easy data export and reporting), underwent thorough
testing and was improved in an iterative way taking into account user feedback.

Outcome measure and data analysis

Descriptive analysis was performed on the results, including frequency distributions and proportions for categorical
data, and median values with interquartile ranges (IQR) for continuous variables.

1. The primary aim was to evaluate the impact of the app on stroke assistance time records.

Satisfaction surveys were conducted through Google Forms before and after the implementation of the Victus app
among all study participants. The respondents were informed about the anonymous nature of the survey prior to
completion. The principal investigator (CSV) was part of the center's stroke care and also a user of the app but was not
involved in the evaluation to ensure an unbiased assessment of the product.

The pre-implementation satisfaction survey was focused on the previous method of logging stroke assistance times in
which the care provider would manually note down the details while also taking care of the patients. Subsequently, this
data would be transferred into an on-call paper diary, then retrospectively entered into a spreadsheet by a neurology
resident.

The post-implementation satisfaction survey focused on the Victus app. Caregivers opened the app on their mobile
devices and initiated a new case upon receiving the stroke code call. Some fields were preselected with common
information such as known onset stroke to save time. The caregivers recorded assistance times by simply tapping a
button during assistance. Finally, they selected the treatment decision from a dropdown menu. Instantly, the time data
was automatically transferred to a spreadsheet that was accessible to any team member.

The questionnaire, as outlined in Table 1, comprised four sections containing a total of 27 questions. The majority
(19/27) were closed-ended multiple-choice items, using a 6-point scale to measure satisfaction, agreement, or utility
(with higher numerical values indicating higher levels). Each scale option included descriptors for clarity, and an
intermediate step was omitted to prevent the central tendency effect. Additionally, eight open-ended questions focused
on qualitative data collection processes, the completeness and reliability of recorded information, as well as pinpointing
pain points.

2. The secondary objective was the effect of the App on stroke assistance times.

We collected door-to-needle time (DTN) data from both our center's historical manual database and the automatic App
database. We analyzed the differences in median DTN times between the period of Victus implementation and the

corresponding period in 2019. The year 2020 was excluded from the analysis due to the impact of the COVID-19
pandemic on our stroke code protocol.
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Table 1. Structure and Content of Questionnaire Sections.

- Number of
Description .
questions
Tracking system Gathering information on data collection processes, 5
description pros and cons of the system
Satisfaction Gauging overall satisfaction with different features of 15
survey the system
. . Evaluating issues like record-keeping accuracy,
Pain points g eeping iracy 3
perceived data loss, and unregistered patients.
Utility degree Assessing areas for improvement and uncovering 4
opportunities

Results

Ten attendings and two senior residents agreed to participate in the study. The application was actively used by the
majority of volunteers, with nine out of twelve using it regularly. All participants completed both evaluation surveys, but
only those who used the app answered the questions related to it. Reasons for non using the app included: no stroke
codes were hospitalized during the shift of one of the attendings, while two other participants mentioned the inertia of
using the old method as the main challenge in adopting the new behavior.

Upon analysis of responses and the registered times in the databases, it was discovered that users of the classic method
logged times in a non-consistent approach and engaged in laborious manual tasks. The introduction of the app
standardized data fields, and removed the need for manual transcription, eliminating data inconsistencies and
significantly reducing workload. Notably, app users experienced a reduction in inaccurate or unrecorded data from 50%
(IQR 26.25%-87.5%) with the classical model to 5% (IQR 2.5%-13.75%) with the VICTUS app.

The survey results revealed widespread satisfaction with the VICTUS application (Figure 1). A majority (88.8%) of
participants expressed satisfaction with both using the app and their confidence in registering patients. They found it
useful for enhancing stroke assistance and expressed a willingness to continue using it.

All users (100%) described the app as user-friendliness, accuracy, and value in facilitating data-driven decision-making
through effortless data storage. Furthermore, the app significantly boosts their motivation to record and improve stroke
assistance times while they perceive it as more beneficial than burden, and enabling the minimization of data loss.

A total of 52 stroke phone calls were registered during the study period, which spanned 63 days with users actively
using the app. Only 31% (16/52) from all the events evaluated met the criteria to receive any reperfusion treatment.

The median door-to-needle time for the 12 extra-hospital activation thrombolysed patients was 20 minutes, IQR 12.5-26
minutes, being 100% (12/12) within 60 min and 91.6% (11/12) within 45 min. This median DTN time showed a 16.6%
relative reduction compared to the 2019 same period when 15 extra-hospital stroke patients were thrombolysed in a
median of 24 minutes, IQR 17-38 minutes, 93% (14/15) being thrombolysed within 60 min and 86.6% (13/15) within
45 min.
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Agreement levels in survey reference to manual method.

Does the system allows me o recond all
necessary and usolul imes?

Does the systom allows for convenient and
on-the-go time

Doos this method allow for data recosding
without losses?

Do you feel recorded bmes accurate with
this sysiem?

Dot the system help you 1o be aware of
the remaining time?

Does this sysiem distract me from patient
care?

Dioes the sysiem provide more hindrance
fthan valua?

Dot this method allow for easy storage of
informiation in a database and
implemantaton of data-driven actions?

Do you think this system s useful for
improving the care of your patients?

Ml

100% 50% [ 50% 100%

W Sightly Disagree [l Disagree [l Strongly Disagres Siightly Agree Agree Strongly Agree

Agreement levels in survey reference to VICTUS App.
Does the systam allows me to recond &l
necessary and useful tmes?

Dois the system allows for convenient and
on-theo time reconding?

Dioes this method allow for data reconding
without losses?

Doy fivel rdcorded limes accural with
this system?

Doas the systern help you to be aware of the
remaining time?

Does this system digtracl me from palient
carn?

Does the system provide mone hindrance
than vakue?

Does this method allow for easy storage of
information in a database and
Iimplementation of data-driven actions?
Do you think this system is useful for
imiproving tha cane of your patients?

100% 50% % 50% 100%

W sighty Disagroe [ Disagroo [ Strongly Disagroo Shightly Agroa Agroa Strongly Agree

Figure 1. Summary of Responses to Representative Questions from Pre- and
Post-Implementation Satisfaction Surveys.
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All users (100%) described the app as user-friendliness, accuracy, and value in facilitating data-driven decision-making
through effortless data storage. Furthermore, the app significantly boosts their motivation to record and improve stroke
assistance times while they perceive it as more beneficial than burden, and enabling the minimization of data loss.

A total of 52 stroke phone calls were registered during the study period, which spanned 63 days with users actively
using the app. Only 31% (16/52) from all the events evaluated met the criteria to receive any reperfusion treatment.

The median door-to-needle time for the 12 extra-hospital activation thrombolysed patients was 20 minutes, IQR 12.5-26
minutes, being 100% (12/12) within 60 min and 91.6% (11/12) within 45 min. This median DTN time showed a 16.6%
relative reduction compared to the 2019 same period when 15 extra-hospital stroke patients were thrombolysed in a
median of 24 minutes, IQR 17-38 minutes, 93% (14/15) being thrombolysed within 60 min and 86.6% (13/15) within
45 min.

Discussion

In acute stroke care, timely decision-making is crucial. Documenting attendance times during care aids future
improvements but can be burdensome for stroke providers. Simplifying this process would facilitate adherence to
time tracking, enabling ongoing improvement efforts. The VICTUS App was designed to streamline time recording by
adapting the process to the user, enabling quick recording with a single tap on the smartphone. Numerous articles have
explored the utilization of applications in acute stroke management, with some incorporating time tracking features,
albeit not as the primary focus of analysis [9-15]. Through an assessment of this system's impact on
neurologists' satisfaction, our study aims to offer valuable insights associated with mobile technology in the stroke code
process.

The digital stroke time tracker not only accurately captured and quantified the necessary time intervals but also
addressed the challenges associated with conventional documentation within our institution. It provided an effective
solution that enhanced accuracy and efficiency in documentation. The standardization of recorded times, reduced errors,
and improved data accessibility enabling ongoing improvement cycles highlight the significant impact of such mobile
tools on enhancing stroke care processes. Also, the automated data storage system enables to easily share updated data
with other Stroke care centers, facilitating broader studies and collaboration. Furthermore, both frictionless register and
automated data storage help physicians save time. This allows them to focus on core patient tasks during the assistance
stroke code. Consequently, users' satisfaction was high, with a majority expressing a desire to continue using it.

In line with previous findings [10-15], we noted a reduction in DTN time after implementation, showing that the app
does not hinder the process. The enhanced motivation stemming from having a frictionless way to log times and
heightened awareness of time could be contributing factors to this improvement. While other studies have shown
greater decreases in DTN (between 12.8 minutes to 40 minutes) [10-15], it is worth noting that these centers had longer
median DTN times pre-implementation compared to our hospital. Our adherence to the Helsinki model [17] had already
optimized our stroke code treatment times, providing a competitive baseline. As a result, further improvements may be
challenging to achieve. However, we approach these reductions cautiously, considering the relatively small number of
cases and the fact that the study was not primarily designed to demonstrate reductions in DTN times.

This application serves as an example of how technology that is designed with a user-centered approach, can motivate
users, reduce burden, and improve stroke care processes. In the future, additional features could be scoped based on
their utility and effectiveness. These may include functionalities such as sharing assistance times in regional or national
databases and enabling the customization of timestamps for evaluation could be explored. These new features could aid
in identifying bottlenecks and implementing new recommendations to further enhance the stroke care process.

Limitations of our study should be acknowledged. Its observational design restricts the level of evidence provided. The
small cohort of volunteers, in a single hospital setting, may limit the generalization of our findings. Further research is
needed to assess the reproducibility of the tool across various healthcare centers. Additionally, the voluntary nature of
participation may introduce selection bias. Regarding researcher affiliation, while one researcher involved in app
development has a neurology department affiliation, she was excluded from survey participation, thereby mitigating
potential bias.
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Conclusion

The implementation of VICTUS, a low-cost, user-centered designed app for stroke time-tracking, effectively replaces
traditional registries without burden. The impact of this tool on neurology on-call work has been satisfactory; it appears
to boost team motivation for stroke documentation and improve efficiency, accuracy, and easy access to assistance data
storage. Moreover, it holds the potential to enhance reperfusion times, though further study is necessary to confirm this.
Overall, VICTUS demonstrates significant promise in fostering a culture of continuous improvement in stroke care
delivery.
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