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Abstract — Millions of calls related to medical
emergencies are placed in 9-1-1 system in the United States
every year. The response time are critical in these cases,
since a slight delay could be life threatening. Thus, faster
response time is important. This work presents a system
that allows a paramedic to access a patient’s medical history
in real-time. This system will securely store a person’s
medical history in a wearable device. When the paramedics
intervene with the patient during an emergency, they will
use a mobile device to scan and access the patient’s device.
Then, the paramedics will have access to the patient’s
medical information. Future work will include hardware
and software testing, performance validation and security
strategies.

Keywords—Emergency Medical Services, Prehospital
Emergency Care, Medical Information Management,
Paramedic Assistance, Medical Portable Device.

. INTRODUCTION

According to NENA, the 9-1-1 Association, more than 240
million 9-1-1 calls are placed every year in the United States
[1]; approximately, 5% of those are composed by critical
medical incidents such as cardiac and neurological emergencies
[2]. The early stage in response time interval is especially
critical, as the evidence from the literature concludes that for
every minute delay in primary response for certain life-
threatening medical emergencies, there is a measurable effect
on mortality [2][3]. According to Blanchard et al. [3], the first
5 minutes in the response interval, where rapid intervention
makes the greatest difference. One-minute delay in response
time increases the mortality rate by 1 to 2% and increases
hospital treatment costs by 7% [2]. A solution that could reduce
response times by only one minute on average would save
thousands of lives per year across the nation. Therefore, faster
response times does matter.

One significant challenge to be faced in an emergency, that
affects mortality, is the limitation that the paramedics have
while handling the patient’s medical history. This information
is provided by the person who needs the assistance. However,
the question is: what happens if the patient is not able to speak,
is deaf or unconscious? These situations may affect the
emergency response time, compromising a person's life [2].
Furthermore, the risk for improper handling will increase, not

only for a caused delay due to limited communication, but also
for missing or inaccurate information.

This work presents a system to improve the response time
to preserve a life. This system assists paramedics during
medical emergencies. The proposed system will securely store
a person’s medical history in a wearable device. The device
information is linked with the patient’s account. When the
paramedics intervene with the patient during an emergency,
they will use a mobile device to scan the patient’s device. The
application will load the patient’s information to the
paramedic’s device. The following sections present the
background, the system architecture, the software
implementation, and the project’s summary

.11. BACKGROUND

Ideally, emergency response times would be minimal for
every 9-1-1 call. However, certain emergency calls are known
to be more time-sensitive than others, and every second counts
[4]. According to Blackwell and Kaufman [6], Pons et al. [5],
and Blanchard et al. [3], small variations in time savings
affecting a response greater than the 8-minute EMS guideline
do not have a substantial effect on patient outcomes. They agree
that time reductions affecting the initial response time window
have the greatest influence on mortality. These studies focus
primarily on response times surrounding an 8-minute guideline.
However, all three of these authors concurred that the first 4 to
5 minutes following the incident have a significant impact on
mortality. Their studies conclude that there is a positive
interrelation between response times and mortality rates.
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Fig. 1 “Crude risk of mortality over response time, in minutes. CI =
confidence interval” [3]
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Blanchard data illustrates a positive trend between
increased response times and risk of mortality during the early
time window. He found a 1.9% difference in the risk of
mortality for response times >= 4-minutes ! (See Fig. 1).
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0.0498 - r .
| “Lowess” Kernel Smoother
| with Bandwidth = 06
0.0183-

S

Total in Response Category

1000

900

800

e 700
600

500

- 400

2 3 4 5 % 7 B b d0 41
RESPONSE TIME IN MINUTES
[Deaths: 0 0 1 2 4 16 14 11 10 7 3 3 |

0.0067

0.0025 -

Mortality Odds (log scale)

0.0003 -{——

Fig. 3 “Smoother mortality odds by emergency medical services (EMS)
response time (Call to Scene)” [6]

Pons calculated an odds ratio for mortality of 0.70 when
response times were less than four minutes [5]. According to
Fig. 2, the drop on survival rate depends on the type of medical
emergency. In addition, Fig. 3 shows that the longer response
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I11. SYSTEM ARCHITECTURE

CAREIink is a system that improves the response-time
during a medical emergency. The main components are
presented in figure 4. The system is composed by a wearable
device to store patient’s medical information (e.g., food
allergies, medicine allergies, medical conditions), a patients’
mobile application to wupdate medical information, a
paramedics’ mobile application to access the patient’s medical
information during an emergency.

The following procedure illustrates the system’s functionality:

1) The patient acquires the wearable device and downloads
the application to register account.

2) Once the account is registered, the patients will be able to
fill out the necessary information, such as: demographic
information, emergency contact, medical conditions,
current medications, and allergies.

3) The information entered will be uploaded and stored in the
patient’s device, since the account will be linked with the
portable device through the application. At this point, the
information will be available for an emergency. Also, the
information could be uploaded at any time. The account
information will be stored in a database as back-up.

4) In case of an emergency, when the paramedics arrive to the
scene, they will open an encounter and will scan the
patient’s device. The information stored in the portable
device will be automatically uploaded in the corresponding
slots of the opened encounter on the paramedic’s tablet.

5) After the paramedics finish their evaluation, the summary
report will be submitted and stored in a global database and
in the patient’s account.
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Fig. 4 Main Concept Diagram
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A. Hardware

The wearable device must be compact, not depend on
telecommunications, presents a low-energy consumption, cost
effective, and data must be accessible when required. Figure 5
shows the preliminary design for the wearable device.
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Fig. 5. Initial design

However, as the application was developed, we realized
that USB technology is suitable for CARElink because it is
compact, does not depend on telecommunications, is cost
effective, information remains accessible and does not consume
power while it is switched off, and it does not require a battery.

There worth in notice that since time management is so
critical during any emergency, the wearable device included an
RFID as shown in figure 6. This will allow the paramedic to
track the portable device and verify if the patient has one
without wasting valuable time. If the patient has the wearable
device, the paramedics will connect their tablet to the device in
order to access patient’s medical information.
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. Fig. 6. Hardware components.
B. Software architecture

CAREIlink defines three major software components: a
patients’ mobile application to record medical information, a
paramedic’s mobile application to access patient’s medical
information, and an administrative application. In addition, the
system will include a global database that not only will store
the patient’s medical history and demographics, but also it will
store the emergency encounter’s information and evaluation.

The wearable device will need a smaller local database to store
and update the patient’s information. In order to avoid
synchronization issues when transferring data from the
wearable device to the paramedic’s device, the entity-relation
architecture from the portable device database is designed as a
subset of the global database.
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Fig 7. Patient’s application workflow
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IV. SOFTWARE IMPLEMENTATION

This section presents the patients’ applications and the
paramedics’ application.

A. Patienss’ application

Figure. 7 presents the patients’ application workflow. Each
step works as follows:

1)

2)

3)

4)

5)

6)

7)

Login Screen: there are three options: Registration,
Sign In, and Recover account.

Terms and Conditions: To register a new account,
press link on the login screen and the user will be
directed to the Terms and Conditions page. Once the
user agrees to it, it will direct the patient to the next
step.

Pair device with account: For a user being able to
register it will need to prove that has a legitimate
portable device. At this point, the user’s portable
device must be linked to account.

Unsuccessful registration: This page will appear if
the device is not successfully linked. If this page
appears it will redirect the user to the Login Screen (1).

Registration Form: In this page, the user will fill out
the necessary information to register account.

Confirmation Information: this page will show all the
information the user entered in the previous page
Registration Form (5). If the information is not
correct, the user will be able to go back and edit
information. Otherwise it will submit it. Once done it
will be redirected to the Login Screen (1).

Invalid Password: If the username and password
validation is unsuccessful in Login Screen (1) it will
go to this page. The user will have 3 try attempts. After
three unsuccessful attempts, the user will be allowed

1

FEDRECTING TO
L0 PAOE

8)

9)

10)

11)

12)

13)

14)

to retrieve the account in the Recover Password
Screen (8). Otherwise, it will direct the user to de
Home Screen (9).

Recover Password Screen: In this screen the user will
enter the register email to retrieve account.

Home Screen: There are three options to choose from:
Edit Profile (10), Summary Reports History (12), and
Log Out (14)

Edit Profile: User will be able to edit the account
information or update the medical history.

Pair Device: Every time the user updates account it
will have to be paired with device.

Summary Reports History: User will be able to
choose from a list of all his summary reports.

Summary Report: User will be able to view the
chosen Summary Report from the Summary Report
History Screen (12).

Log Out Screen: Logs out of the application.

B. Paramedics application

Fig. 8 presents the paramedics’ application workflow. Each
step works as follows:

1)

Login Screen: user enters username and password. If
user enters invalid credentials, will be directed to the
Invalid Credentials Screen (2). Otherwise, the user
will be directed to the Home Menu Screen (4).
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Fig 8. Paramedics’ application workflow
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2) Invalid Credentials: If the user validation is
unsuccessful in Login Screen (1) it will go to this
page. The user will have 3 try attempts. After three
unsuccessful attempts, user’s account will be blocked.
It will appear the Account Blocked Screen (3).

3) Account Blocked: This screen will appear when the
user makes three invalid login attempts. It will have an
“OK” button that will redirect the user to the Login
Page (1). To maintain a certain level of security, user
will have to contact support to unblock account.

4) Home Menu Screen: There are four options to choose
from: Create Encounter, Saved Encounters (7),
Submitted Encounters (9), and Log Out (11).

5) Upload from Patient’s Device: If user chooses to
create a new encounter, this screen will appear. Once
the patient’s information will be able to open a new
Encounter form (6).

6) Encounter form screen: The user will fill out this
encounter form while patient is receiving treatment.
User may have the option to either save encounter to
finish later or submit it.

7) Encounter form screen: The user will fill out this
encounter form while patient is receiving treatment.
User may have the option to either save encounter to
finish later or submit it.

8) List of Saved Encounters: User will be able to choose
from a list of all his saved encounters.

9) Selected Encounter: User will be able to edit the
chosen encounter from the List of Saved Encounter
Screen (7). It can be saved again or submitted. In case
of being submitted, it will be added in the Summary
Report History Screen (9).

10) Summary Report History: User will be able to choose
from a list of all the summary reports that was
submitted by him.

11) Selected Report: User will be able to view the chosen
Summary Report from the Summary Report History
Screen (9).

12) Log Out Screen: Logs out of the application.
V. VALIDATION ANALYSIS

During the design phase, a validation analysis was
performed. Both, the problem and the solution were validated
through a series of interviews made to potential users. A total
of 15 prospects were interviewed (5 paramedics, 10 general

people).

A. Findings after interviews

While acquiring the validation information from different
patients and paramedics we faced different responses, as

expected, from our diverse range of users. Based on their
answers, to have a more efficient service during an emergency,
they recommended the following:

1)
2)

3)
4)

5)

better treatment towards patients

have a more efficient system to acquire their
information, since they don’t want to be interrogated
during an emergency

a faster way to assist patients

better communication between patients and
paramedics

improve the way to find patient’s information.

Furthermore, 9 of 10 interviewees considered tedious
getting the information that the paramedic needs to fill out any
form during an emergency. Some of the reasons were:

1)
2)

3)
4)

not everybody has all that information on hand at the
time of an emergency

don’t like to answer question after question during an
emergency

it takes too long, risking the patient’s life

want to receive medical assistance immediately

Some suggestions that they gave to improve efficiency and
time management during an emergency were the following:

1)
2)

3)
4)
5)
6)

Better treatment

Device to provide the patient’s information to the
paramedic

Change the way they manage the encounter

To be interrogated after they get to the hospital
Implement a GPS system

Improve protocols

B. Solution Validation

Based on the information gathered, it is evident that there
is a real problem that needs to be solved. We also asked the
interviewees their opinion about our proposed solution to
validate it. After explaining them our solution, we asked them
if that solution may save their lives and 10 out of 10 answered
yes, because of the following reasons:

Could save the lives of some patients, but not all of
them

It could be done if there’s an alibi that could provide
any help/information

Reduces the search time of information

Reduce interaction between Paramedics and Patients
Much more organized; information is displayed in
digital forms

If the patient is unconscious, the ability to extract
information
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e  Times where there is no knowledge of medicines or
conditions

C. Design Prototype Validation

Diverse responses where gathered while validating the
prototype design. Based on the results, we mostly received a
positive feedback, aside of some suggestions for the graphic
design and features. Most of the interviewees, regardless of
whether paramedic or patient, considered that the prototype had
a very usable design, despite the “Registration Activity”
(patients) and “Create Encounter Activity” (paramedics).

D. Validation results and observations

The goal of these interventions was to gather some feedback,
from both users (potential customers and end-users) to validate
the problem and solution. Most of the interviewees, regardless
of whether paramedic or patient, approved and considered the
possibility of using a portable device to manage the medical
form aspect of emergency encounters, in contrast to traditional
manual filling; the exception was a user whom only considered
the idea viable if the device wasn’t expensive at all, but that it
can simplify the process of the medical encounter altogether.
system was implemented in the Evaluation Activity.

VI. SUMMARY

This work presented a system called CAREIink, which was
designed to allow a paramedic to access a patient’s medical
history in real time during a medical emergency. Many
findings were established across the design development of this
project. Our research indicated that indeed the response time
does matter since the mortality odds increase by the minute.

After analysis and considering the energy consumption for
the portable device, we selected an alternative where an USB is
used in conjunction with a RFID. The reason for this is because
the USB does not consume power when it is turned off and, is
cost effective. The RFID is exclusively for the paramedic to
track the patient’s portable device during an emergency, so it
could avoid wasting time during the evaluation and treatment.
This alternative is very favorable since the stored information
will always be available without the need to be charging the
device. It had to accommodate to the ideal setting of any
emergency, that does not depend on telecommunications, have
low energy consumption and data could be accessible at any
given time.

For future work, we identified constraints, security issues,
information management issues, and so more. Other
observations may include the synchronization between the
portable device database and the global database, which was
solved by designing the local database from the portable device
as a subset of the global database.
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