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CONCLUSIONS:

Ninety percent of global trauma deaths occur in under-resourced or remote environments,
with little or no capacity for injury surveillance. We hypothesized that emerging electronic
and web-based technologies could enable design of a tablet-based application, the electronic
Trauma Health Record (eTHR), used by front-line clinicians to inform trauma care and
acquire injury surveillance data for injury control and health policy development.

The study was conducted in 3 phases: 1. Design of an electronic application capable of sup-
porting clinical care and injury surveillance; 2. Preliminary feasibility testing of ¢eTHR in
a low-resource, high-volume trauma center; and 3. Qualitative usability testing with 22
trauma clinicians from a spectrum of high- and low-resource and urban and remote settings
including Vancouver General Hospital, Whitehorse General Hospital, British Columbia
Mobile Medical Unit, and Groote Schuur Hospital in Cape Town, South Africa.

The ¢THR was designed with 3 key sections (admission note, operative note, discharge
summary), and 3 key capabilities (clinical checklist creation, injury severity scoring, wireless
data transfer to electronic registries). Clinician-driven registry data collection proved to be
feasible, with some limitations, in a busy South African trauma center. In pilot testing at a level I
trauma center in Cape Town, use of €THR as a clinical tool allowed for creation of a real-time,
self-populating trauma database. Usability assessments with traumatologists in various settings
revealed the need for unique eTHR adaptations according to environments of intended use. In
all settings, eTHR was found to be user-friendly and have ready appeal for frontline clinicians.
The ¢eTHR has potential to be used as an electronic medical record, guiding clinical care while
providing data for injury surveillance, without significantly hindering hospital workflow in
various health-care settings. (] Am Coll Surg 2014;218:41—50. © 2014 by the American

College of Surgeons)
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Trauma is among the greatest global public health chal-
lenges of our time. Each year, 5 million people die, and
another 100 million lives are devastated, often perma-
nently, from the consequences of injury.'” Globally,
injury accounts for as many deaths as HIV, malaria,
and tuberculosis combined.' Injury is the leading cause
of death of young people, and therefore, the leading cause
of loss of human potential. The global health community
has been slow to recognize injury as a priority, yet injury
has been estimated to be responsible for 12% of the
global burden of disease.”” The world’s poorest popula-
tions shoulder much of this burden with the fewest
resources to devote to injury control: more than 90%
of injury deaths occur in low- and middle-income coun-
tries (LMICs).”® This is perhaps public health’s biggest
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Abbreviations and Acronyms

eTHR = electronic Trauma Health Record
GSH = Groote Schuur Hospital
LMIC = low- and middle-income countries

opportunicy—implementation of effective systems of
injury control and trauma care in LMICs has the poten-
tial to save millions of lives every year.” '

In North America, trauma systems have developed as
a public health approach to injury control. Trauma systems
have been conceptualized as resting on a public health
framework encompassing 3 key activities: assessment of
injury data, policy development based on these data, and
ongoing assurance of quality of care through data-
driven performance evaluation.””'>' Each of these pursuits
is fundamentally dependent on injury surveillance—
the systematic collection and analysis of data. The central
role of injury surveillance in injury control is reflected in
the World Health Organizaton (WHO) Guidelines for
Essential Trauma Care.” A key first step for emerging
trauma systems will be to establish a foundation of injury
data on which to base effective strategies for injury preven-
tion and accessible and effective acute trauma care and
rehabilitation.'”'® Unfortunately, trauma surveillance is
largely absent in LMICs because of cost and
complexity.'” " Where it does exist, it is rudimentary,
poorly developed, and incomplete.””**

Advances in, and the widespread availability of, power-
ful, mobile information technology (mHealth) tools may
have the potential to bridge this surveillance gap, and, in
so doing, to create intriguing possibilities for global
trauma systems development and injury control. We
hypothesized that a tablet computer-based electronic
Trauma Health Record (¢THR), designed for clinical
use by trauma care providers and with the capacity to
organize and securely upload data to a concurrent trauma
registry, could potentially provide a means for high
quality clinical care and injury surveillance in low-
resource settings.

In this article, we describe the design process, initial
field-testing, and initial usability testing of a novel
tablet-based electronic “app” with capabilities to support
both clinical care and trauma surveillance in low-resource
settings.

METHODS

Phase 1: Creation of the electronic Trauma Health
Record

After a period of close and systematic observation of clin-
ical work flow at one of the world’s busiest trauma units

(Groote Schuur Hospital [GSH], Cape Town, South
Africa), and in consultation with South African injury
prevention experts and trauma surgeons, a papet-based
admission note (Trauma Admission Record) was
designed. The Trauma Admission Record was intended
to serve as a clinical charting form, but also contained
standardized fields relevant to injury prevention, injury
severity scoring, and diagnostic and therapeutic classifica-
tion.” Close to 10,000 of these forms were completed
and collected by GSH trauma physicians.”® Their experi-
ences and observations guided the conversion of this
paper record into electronic form (Fig. 1).

The specific capabilities of the ¢THR were defined by
a consensus of trauma surgeons, surgical residents, trauma
managers, nurses, data ethnographers, and medical soft-
ware designers. The consensus panel reviewed key trauma
systems resources'®'’ before initiating design. Essential
considerations during the development process included
a high degree of usability by clinicians, no clinical work-
flow hindrance, adoption of the Advanced Trauma Life
Support Course as an organizational foundation of the
electronic form, integration of “smart” safety checklists
and evidence-based practice guidelines, easy printability
of a legible paper form, and capability to instantly and
securely upload data to a concurrent electronic trauma
registry (Table 1). The ¢eTHR was then equipped with
3 key modules: the Trauma Admission Record (demo-
graphics, mechanism, and diagnoses), the Operative
Note (key interventions), and the Discharge Summary
(key outcomes).

The ¢eTHR was designed as a downloadable, multiplat-
form, web-based application, initially for use on the iPad
(Apple Computers). The user interface was built using
the jQuery Mobile 1.0 Framework and was designed to
save and update data in a MySQL database through asyn-
chronous javascript requests sent over Secure Socket Layer
(SSL) encryption. Data transfer, with 128-bit encryption,
was designed to enable synchronous or intermittent
upload of data to dedicated, secured servers within
a host site.

Phase 2: electronic Trauma Health Record
preliminary pilot in a low-resource center

A functioning ¢eTHR prototype underwent a 4-week pilot
test in the trauma unit at Groote Schuur Hospital (GSH),
Cape Town’s major trauma referral center. No compre-
hensive injury surveillance system was in operation there.
Fifty complex trauma patients who met criteria to be seen
by GSH trauma staff in the trauma unit’s resuscitation
area had both a paper admission note and a deidentified
eTHR admission note completed concurrently by
GSH trauma staff and the research team. Criteria for
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eTHR - The electronic Trauma Health Record

Clinician entered health data can drive continuous improvement of a trauma system

The @THR
enables clinicians
to enter patient
information into

_ their portable
S e devices using a
beautiful and
intuitive interface.
Data outputs
populate health
records, quality
improvement
reports, and
research
databases

Archaic methods of
data collection are still
in wide use!

. -
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Clinical care

Clinicians enter data but
also have access to
decision support tools
and other educational
materials

Trauma quality

improvement programs
The eTHR can regularly
generate quality
improvement reports to
help guide system
improvement

Research and Injury
prevention

The aTHR automatically
populates a real time
database, and generates
maps for research and
injury prevention
purposes.

decisions in real time.

Evolution of a Trauma Health Record: Traditional paper charting, still in wide use, fails to maximize the potential of data to improve
individual health care and system performance. Hand held, connected electronic devices such as the aRTHR, simplify regular
charting, but also open the possibility of sharing data, populating databases, and connecting to knowledge that can inform clinical

Figure 1. Conversion of a paper trauma admission record to an electronic trauma health record.

resuscitation room assessment were as follows: Glasgow  head/neck/chest/abdomen, stab neck/precordium, major
Coma Scale score < 13, systolic blood pressure < 90  extremity vascular injury, traumatic amputation, trau-
mmHg, airway compromise, respiratory rate <10 or matic cardiac arrest, facial burns, or at the physician’s
>30 breaths per minute, flail chest, gunshot wound to  judgment. Connectivity to the ¢eTHR server, speed and

Table 1. Key Considerations and Key Features of the Electronic Trauma Health Record

Key features of eTHR

3 Key modules

Highly user friendly for clinicians

No clinical workflow hindrance

Capability to instantly and securely upload data to a concurrent electronic trauma registry
Integration of “smart” safety checklists and evidenced based best trauma practice guidelines
Easy printability of a legible paper form for patient charting

Adoption of the Advanced Trauma Life Support Course

Modular to easily adopt ¢eTHR to different environments and trauma centers

Trauma admission record
Demographics
Mechanism

Diagnoses/treatment plan
Operative notes
Key interventions
Complications
Disposition

Discharge summary
Key outcomes
Complications
Follow-up plan

e¢THR, electronic Trauma Health Record.
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ease of use, user interface, pertinent data capture, and the
ability to establish a seamless electronic trauma registry
with this tool were tested during this pilot. Regular feed-
back from GSH trauma staff regarding necessary changes
and alterations of data fields were obtained for improve-

ments of the eTHR prototype.

Phase 3: electronic Trauma Health Record usability
testing

Diverse heuristic usability testing using a “think outloud””
protocol, with trauma clinicians from a spectrum of high-
and low-resource and urban and remote settings (the
British Columbia Mobile Medical Unit, the Whitehorse
General Hospital in the Yukon Territory, the Vancouver
General Hospital, and the Groote Schuur Hospital in
Cape Town, South Africa), was conducted using a hypo-
thetical, standardized patient. A total of 22 traumatologists
were surveyed at these 4 sites, with all interactions with the
research team recorded and transcribed for analysis. The
¢THR was assessed according to 3 broad heuristic cate-
gories well described within the ethnographic literature:
Interface, Operation, and Interaction®® (Table 2).

RESULTS

Phase 1: Creation of a modular electronic Trauma
Health Record

The first of the eTHR’s clinical modules, the Admission
Record, was designed to capture patient information
including demographics, past medical history, residential
neighborhood, specifics about the scene of injury, injury
mechanism, and use of drugs and alcohol. The eTHR
was also designed to apply an individual patient’s data

to the automatic generation of a Revised Trauma Score
(RTS) and an Injury Severity Score (ISS), allowing for
future data standardization and performance evaluation.

The ¢THR’s Operative Note includes details of major
surgical interventions. Principles of synoptic operative
reporting, which ensure rapid and complete capture of
operative data, were used in construction of the operative
note.” The Discharge Summary was designed to capture
patient complications and outcomes, data that allow clini-
clans to measure and improve trauma center performance.

The €THR was designed with templates for patient
assessment (primary and secondary survey), clinical prac-
tice guidelines for common severe injuries, and checklists
based on the WHO Trauma Resuscitation Checklist*®
and the WHO Safe Surgery Safety Checklist.”*”" These
features are intended to be purely clinical tools that
may increase clinical usability, while promoting complete
and evidence-based patient care (Fig. 2).

In its current form, the ¢THR is not designed to
capture identifying data, but instead it assigns a specific
number to each entered patient. Although the tablet
computers and the app are password protected, no data
reside on the tablet. Deidentified patient information is
instantly updated to a secure server, which can be placed
behind a hospital’s own firewalls.

Phase 2: Preliminary field testing of functionality

Only the Admissions Record Module of the ¢eTHR was
tested in this preliminary examination because deidenti-
fied patients were not followed past primary resuscitation
in the trauma bays. In order to complete the Operative
Note and Discharge Summary modules, patients would

Table 2. Common Attributes of Usability of Electronic Health Records

Attribute

Description

Accomplishes the required goals of the software.

Software must contextually perform in a way the end users desire to aid in

achieving the required task.

Provides valuable feedback of system status.

Software should always keep end user informed through appropriate

feedback within reasonable time.

Consistency and standardization with program
behaving in a familiar way.

Software platform should be predictable and easy to learn with minimal
variation of words, situations, or actions meaning the same thing.

Helps users recognize, diagnose, and recover
from errors.

Software error messages should be expressed in plain language (no codes),
precisely indicate the problem, and constructively suggest a solution.

Esthetically pleasing, elegant, and minimalist

design.

Software should not contain information that is irrelevant or rarely needed.
Language should be easily understandable. Fonts, icons, and user interface

must be visually appealing.

Recognition rather than recall.

Software should minimize the user’s memory load by making objects, actions,

and options visible. Instructions for use of the system should be visible or
casily retrievable whenever appropriate.

Use of the program is efficient.

Software should speed up the interaction for the end user. Allow users to tailor

frequent actions with minimal inputs, and decrease the time to perform the same
task with previous methods.
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Figure 2. The electronic trauma health record (eTHR).

have required identification, which was beyond the scope
of this pilot testing. Data capture was accurate and
complete, and data fields were relevant to both clinical
care and trauma surveillance. Secure data upload to
a server proved successful, and a trauma registry based
on the 50 patients was created.

The ¢THR, which was extremely sought after by the
trauma service residents, was uniformly found to be user
friendly and intuitive, even in a busy clinical environment.
Staff at GSH did not view the e THR as a surveillance data-
base but rather as a clinical tool. The trauma checklists and
clinical practice guidelines were cited as particularly useful
features for clinical care. All surveyed clinicians noted no
hindrance to workflow with the use of the eTHR.

Two major issues arose with this preliminary testing.
First, connection speeds to the eTHR server were found
to be nearly 10 times longer than at test sites in Canada,
where the app was developed. This delayed the loading of
the eTHR modules and slowed the timeliness of clinical
charting. Secondly, concerns over theft of the tablet devices
arose, especially when staff would place the tablets in unse-
cured locations when called urgently to care for patients.
No tablets were lost or stolen during this pilot, however.

Phase 3: Diverse usability testing of electronic
Trauma Health Record operation

Usability assessments with 22 clinicians in various
settings revealed the ¢THR to be user-friendly, with
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ready appeal for frontline clinicians as a clinical tool. Few
errors were made with data input into the ¢eTHR, and
when they were, the participant was able to quickly
correct them. Participants became proficient in using
the eTHR quickly, and charting time was reduced with
using e THR compared with paper predecessors. Usability
testing identified the need for unique ¢eTHR adaprtations
according to the environment of its intended use (Fig. 3).
In a mobile medical unit at a mass gathering event
(Abbotsford International Air Show), clinicians identified
the need to expand ¢eTHR beyond trauma, to include
general admission categories and diagnoses common at
these events (syncope, heat stroke, dehydration, myocar-
dial ischemia). At the Whitehorse General Hospital,
a small hospital in Northern Canada, limited Internet
access revealed the need to redesign €THR to have off-
line capabilities as a native application. The busy trauma
service at the Vancouver General Hospital identified the
need to increase the amount of “dropdown” menus with
prewritten options, thereby reducing charting time
further compared with their standard paper documents.
Finally, at the Groote Schuur Hospital in Cape Town,
South Africa, eTHR was viewed as an essential clinical
tool. Because many after-hours trauma resuscitations
are performed by junior house staff, requests were
made for additional clinical practice guidelines, trauma
checklists, and “red-flag” identifiers.

DISCUSSION

New mobile information technologies have the potential
to change the way the world confronts major issues in
global health. In the age of information technology,
opportunities for injury control are unprecedented, in
terms of both capability and scale. Commercial wireless
signals now cover more than 85% of the planet. Around
4 billion people own mobile phones, and almost two-
thirds of them are in LMICs.”' In Africa alone, there
are at least 650 million cell phone subscribers, more
than in the US or the EU, and that number is rising
fast to a projected 1 billion by 2016.>* In 2007, President
Paul Kagame of Rwanda noted that in “10 short years,
what was once an object of luxury and privilege, the
mobile phone, has become a basic necessity in Africa.”””

The promise of information technology has not been
lost on the global public health community. In its 2011
publication, mHealth for Development: The Opportunity
Jfor Mobile Technology for Health Care in the Developing
World, the WHO defined mHealth as the practice of public
health and health care supported by mobile electronic
devices, and it outlined opportunities and challenges for
such technologies to shape emerging health care systems.”’
mHealth has since become a dynamic area of academic
endeavor, and a focus of research funding and publication.
Surprisingly, to date, very few investigators have explored
potential applications of mHealth tools in injury control.

Enhance eTHR for mass gathering/mass causality events:
General/Common Admission Diagnoses beyond trauma

Mobile Medical Unit: Abbotsford Airshow

Remote: Whitehorse General Hospital, Yukon

Enhance eTHR capabilities to work off-line as native app:
Limited cellular, data, wifi access

for charting

Resource Secure: Vancouver General Hospital

Enhance eTHR’s efficiency as a charting tool:
Extremely busy services/ residents with limited time

Resource Limited: Groote Schuur Hospital, SA

Enhance eTHR’s abilities as a clinical decision aid:
On screen prompts, “red flags”, CPGs, locking checklists

Figure 3. Diverse requirements will require ongoing electronic trauma health record (eTHR)

redesign.
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Certainly in trauma, mHealth tools have the potential
to inform and standardize clinical practice, and to stream-
line and enhance injury surveillance, even in areas with
litde or no historic injury surveillance capacity. This is
exciting because a key first step in the development of
successful trauma systems is the systematic collection
and analysis of injury data.””'>'®"” By defining the distri-
bution and determinants of injury through surveillance,
and by applying data to the reorganization of existing
human and material resources, these trauma systems
would have the chance to target effective prevention
efforts, improve access to quality acute care, and, ulti-
mately, to address glaring disparities in the burden of
injury.

Currently, one of the major challenges to improved
injury surveillance is its dependence on the painstaking
and labor-intensive evaluation of patient records for
manual abstraction and coding of demographic data,
injury mechanisms, diagnoses, interventions, and
outcomes.”™” Data abstraction must then be followed
by the tedious task of organizing this information within
a trauma registry for future analysis and interpreta-
tion.”*”> These steps not only make systematic injury
surveillance efforts costly and inefficient, but also often
keep trauma databases months to years behind.”* This is
a vital opportunity for mHealth technologies, such as
the eTHR.

Set-up and operating costs of eTHR may become
a particularly attractive feature in LMICs, where the
high costs of injury surveillance has previously been
prohibitive. Although considerable investment has
already gone into research and development, we antici-
pate that ultimate start-up and maintenance costs will
be affordable in most LMICs. For example, in Cape
Town, start-up costs have been related to customization
of the application ($3,000), establishment of Wi-Fi
connectivity ($1,500), purchase of tablet computers
($1,000), and purchase of wireless printers ($500).
Training and troubleshooting requires some initial
personnel costs (estimated at $1,000). Maintenance costs
will be related to server fees ($100/month), data compila-
tion, analysis and reporting ($3,000/year), and personnel
for ongoing training and troubleshooting (estimated at
$5,000/year). Overall annual costs are estimated to be
approximately $10,000 to $15,000. Maintenance costs
would, of course, be tailored to local needs and resources,
and are expected to be highly flexible. The eventual devel-
opment of advanced algorithms for automatic data anal-
ysis and reporting is expected to substantially reduce
maintenance costs. It is anticipated that start-up and
maintenance costs are expected to be similar in a spectrum
of trauma systems.

Beyond providing an affordable means of injury
surveillance, the central premise of the ¢THR concept is
that information technology tools can be applied to
bypass the manual abstraction of injury surveillance
data by creating a direct electronic connection from the
clinical chart to a concurrent electronic trauma registry.
The success of this premise is fundamentally dependent
on the accuracy and completeness of clinician-entered
data, and on the capacity of €eTHR to code and stan-
dardize data into a usable format.

In an attempt to maximize the completeness of
clinician-entered data, development of the eTHR priori-
tized usability of the electronic interface. An unusable app
would defeat surveillance efforts at the outset. Features
such as intuitive navigation, embedded clinical practice
guidelines, checklists, red flags, and visual displays were
attractive to trauma care providers and will likely improve
usability. These features also have the welcome effect of
making the ¢eTHR a point of care educational tool, which
can provide data and specific prompts to help to inform
decisions at critical points during the course of resuscita-
tion. Flexibility and adaptability of the app to the specific
needs and health care capabilities of local environments
may further improve usability. The ¢THR can also be
adapted to local public health contexts, such as by
including functionality to generate local neighborhood
injury maps for injury prevention purposes. Finally, the
inherent usability and ubiquity of smart phones and
tablet computers is also a powerful advantage of the
¢THR and other apps. During the course of testing, we
observed that app design became an iterative process,
requiring constant interaction with the end users and
perpetual modification of the app to further enhance
usability.

In the design process of any electronic health record,
once usability is confirmed, the accuracy, completeness,
and initial formatting of the data must be considered.
Our field and usability tests suggested that uploaded
data were accurate. Limitation of free text and extensive
use of drop down menus in the eTHR ensured some stan-
dardization of the data. Data can be further standardized
and merged into scores (Revised Trauma Score [RTS],
Kampala Trauma Score [KTS], Injury Severity Scores
[ISS]) by mathematical algorithms embedded within the
app. Clinicians were impressed by the automatic Revised
Trauma Score calculator, which provided an instant esti-
mate of survival probability once admission vital signs
were entered. Farly availability of prognostic scores for
patients who are actively being resuscitated would repre-
sent a significant advance over North American injury
scoring, in which data collection and entry by analysts
are often required before these scores are available. Even
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more importantly, injury scoring can create the unprece-
dented possibility of comparing adjusted outcomes to
national or international norms.

Additional factors for the high usability we observed in
the study may have been related to the slow and delib-
erate transition from a standardized paper-based Trauma
Admission Record to the eTHR, consistency between the
paper and electronic forms, and a strong culture support-
ing quality trauma care at the GSH Trauma Unit and
other test sites. Training during the transition period
and attention to staff buy-in was a consistently high
priority. All of these considerations are widely supported
in the electronic health records literature.”**

Data security and confidentiality are central priorities
in ¢eTHR implementation and in mHealth in general.
Because the €THR has the potential to be used in a diver-
sity of health care environments, standard and location-
specific security features must be specified. In the eTHR’s
current version, no data are stored on the iPad or tablet
computer, and wirelessly uploaded data are deidentified
and encrypted for storage on a cloud server. However,
a privacy impact assessment at the Vancouver General
Hospital and an ethics review at the University of Cape

Town both emphasized the need to maintain patient
identifiers in the database to avoid confusion of records
or maintenance of multiple records. Future iterations of
e¢THR will be adaptable to local hospital firewalls and
other local safety and security requirements.

We believe that the electronic registries, automatically
populated by use of the eTHR, will be immediately rele-
vant to audits of quality of care, based on standard indi-
cators of trauma system process and outcomes (Fig. 4).
The registries will create case series of traumatic events
and will profile population-based cohorts of injured
patients for research and health policy analyses. As in
previous studies, data can be mapped to identify vulner-
able populations, evolving patterns of injury, and risk
factors associated with traumatic injuries,”* however,
e¢THR will allow this to occur in real time.

Future research in this area should describe processes
for successful adapration of mHealth tools into diverse
trauma environments through iterative testing and
perpetual redesign of the apps. Further work needs to
be done on data standardization, analysis, reporting,
and, of course, data security. Finally, the cost and cost
effectiveness of implementation of mHealth tools in

Clinic
Rehabilitation
Ambulance

Ward < eTHR >

|
ER l
ICU
I Education
A Operating Room
PATIENT CARE

eTHR

DATA

Figure 4. (A) Data flow and (B) applications.
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LMIGC:s is a critical research priority, and will ultimately
determine how successfully mHealth can be integrated
into the development of trauma systems around the
world.

CONCLUSIONS
Technologies involving mHealth, such as the eTHR, may

enable trauma clinicians to use low-cost, familiar devices
to guide care, and to seamlessly gather pertinent trauma
data with minimal or no disturbance of workflow and
with little additional training. The data collected can
then be wirelessly and securely uploaded to an electronic
trauma registry for use by both injury prevention and
trauma quality improvement programs. Uldmately, we
believe that for mHealth tools such as the eTHR to affect
global injury control, they should not be viewed as apps
in isolation, but rather as organizational frameworks for
clinical trauma care that promote best practices, and as
platforms for basic injury surveillance. Our study suggests
that such tools can provide these functions, and thereby
support the emergence of increasingly sophisticated
trauma systems around the world. Mobile technologies
may soon become a basic necessity for global injury
control.
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