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Abstract

Technology has brought various innovations on how healthcare providers acquire information, work, and communicate. These innovations
are most common in the emergency department. Among the important innovations in the emergency department, imaging methods and
diagnostic tests are now performed at the bedside. The main purpose of bedside imaging methods and diagnostic tests is to achieve rapid
results and initiate appropriate treatment in a short time. Technological development provides fast access to diagnostic tests and rapid results
as well as facilitates access to specialist physicians. Patients’ data can be transmitted to advanced centers by telemedicine application, and
consultation services can be obtained. Bedside consultation is also possible, thanks to the telemedicine application supported by robotic
technology. Biosensors, mobile applications, technological products used in patient registration and follow-up process, and voice response
systems used in patient monitoring after discharge are among other technological innovations used in emergency departments. All these
tools and systems provide many facilities for emergency service delivery. However, reasons such as being expensive, not supervised by
medical professionals, and time-consuming limit their use. While technological developments are increasing continuously, to ensure the
same development in emergency departments, scientific studies with a high value of evidence are needed in this field.
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Introduction

Information and communication technology have advanced
rapidly in the last two decades; Many new ways and tools
have been developed in which information can be processed,
stored and transmitted. The cloud-based data storage areas,
wireless broadband networks, mobile computing systems and
comprehensive data analysis methods affect the production
and service industry fundamentally (1). The health sector is one
of the areas that are influenced most by these rapid advances
in information and communication technology. Advances in
medical devices, equipment and diagnostic methods, as well
as advances in information communication technology, bring
important innovations to the functioning of the health system (2).

Emergency departments (EDs) have a special and important place
in the health system. Scaling epidemics, disasters, accidents, and

injuries in recent years increases the importance of EDs in the
health system (3). On the other hand, the need for emergency EDs
canreachalevel thatexceeds department resources. Technological
advances provide important opportunities to meet the need for
EDs by keeping service quality at the highest level. It is necessary
to review ED services, redesign and strengthen them by making
use of developing technological opportunities in order for the EDs
to develop in parallel with the technological developments, and
thus to provide the best service for the applications (2).

In this article, it is aimed to present information about
technological innovations used in EDs. For this purpose, PubMed,
Medline, Cochrane, and Google Scholar databases were searched
using the keywords “emergency department”, “digitalization”,
“technology” and “innovation”. Literature research was expanded
by examining the obtained publications and using the keywords

“robotic technology”, wearable biosensor”

” o«

mobile application”,
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and “artificial intelligence”. Technological innovations used in
EDs can be listed as; bedside imaging methods and diagnostic
tests, decision support systems, artificial intelligence technology,
telemedicine applications, robotic technology, wearable
biosensors, mobile applications, technological innovations used
in patient registration and follow-up, and voice response systems
used in patient monitoring after discharge.

Bedside Imaging Methods and Diagnostic Tests
Bedside Ultrasonography

The fact that ultrasonography (USG) can be applied at the
bedside is an important technological development that enables
fast diagnosis of life-threatening conditions. Bedside ultrasound
brings convenience such as making or excluding key diagnoses,
directing resuscitation noninvasively, reducing ionizing radiation,
and ensuringsafe implementation of invasive procedures (4). With
the production of palm USG devices, these convenienceshave been
taken one step further. These devices, which are almost pocket
sized, have the advantages of being both easy to use and cheap
(5). In a systematic review, it was found that palm USG devices
showed strong correlation with high-level ultrasound devices in
the diagnosis of intra-abdominal free fluid and hydronephrosis,
assessment of the pleural cavity, detection of abdominal aortic
aneurysms, obstetric and gynecological examinations; however,
it is stated that high evidence studies are needed to demonstrate
its effectiveness in abdominal examinations (6). Despite its listed
advantages and many conveniences, USG that can be applied at
the bedside with today’s technology cannot provide a complete
radiological evaluation. Therefore, the need for conventional
ultrasound devices continues when more extensive scanning is
required (5).

Portable Computer Tomography Devices

Computed tomography (CT) is a powerful diagnostic method
in detecting the presence of intracranial damage (7). However,
during the transfer of patients who are sent to the imaging unit
for brain CT procedure, problems such as failure to continue
monitoring, interruption of intravenous therapy and inadequate
ventilation may be encountered. These problems can cause
many complications such as hypotension, hypoxia and increased
intracranial pressure (8). Portable CT scanners, which have
become widespread in recent years, have a capacity of taking
about 32 images per second and can be brought directly to the
patient’s bed (9). This technology reduces the time required for
imaging in the evaluation of patients suspected of stroke or head
injury in EDs and can be effective in preventing complications
that may arise during patient transfer (7).

With the developing technology, portable CT scanners have been
produced that can display not only cranial imaging but also the

whole body. Portable whole-body CT scanners, which can be
readily carried from room to room, have proficiency to produce
high standard CT imagery, and improve the diagnosis and
treatment of a broad variety of emergency health problems. The
whole-body CT scanners can give high-resolution bone, spine,
thorax and soft tissue imaging of diagnostic value. However,
abdominal images obtained by portable whole-body CT scanners
are reported to be of lower quality than conventional CT imaging
(7). Simultaneous display of multiple body areas with the portable
whole body CT scanner both saves time and significantly reduces
the dose of radiation exposure. In addition, the fact that these
devices can be carried easily allows them to be taken to another
unit and used for different clinical applications, when they are
not needed in the ED (7,9).

Bedside Tests

Bedside tests are defined as any analytical test performed by
a healthcare professional, outside the traditional laboratory
setting for a patient. Terms such as near-patient testing, point of
care testing, non-laboratory tests, decentralized laboratory tests
are also used for bedside tests (10).

With the advances in microchip and miniaturization technology
and developments in production processes in the last 10 years,
fast, low cost, robust and reliable bedside measuring devices
can be produced. With these devices, laboratory quality results
can be obtained (11). It is also possible to transmit the results
obtained from bedside testers wirelessly to the medical record
system. Cartridges containing sensitive chemical biosensors are
configured on the silicon chip to perform specific analyses for
these devices. Thus, it is possible to carry out tests such as blood
gas, biochemical, hematological, coagulation tests and p-HCG
at the bedside. In addition, there are special tests to determine
the basic metabolic status and serum lactate level, as well as
special tests that can be used for the diagnosis of acute coronary
syndrome and congestive heart failure (10,12).

With bedside tests, necessary samples are taken for measurement
in the patient’s environment and test results can be obtained
in a short time at the same place or near. Thus, the necessary
treatment can be planned in a short time and near the patient
(11). These tests allow rapid response to many emergency cases,
such as immediate initiation of targeted therapy for patients
with sepsis (13), cases of poisoning and overdose (14), and acute
coronary syndrome (15).

Decision Support Systems

Tools that provide clinical decision support have a wide variety
of computer-based systems, clinical guides, various algorithms,
and digital resources that facilitate access to current information.
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Along with technological innovations, computer-based systems
called advanced clinical decision support systems (CDSS) that can
offer patient-specific recommendations have been developed
(16). Advanced CDSS is an important innovation for EDs that
require quick decision making in high-risk situations. These
systems are used for various purposes in EDs (17).

With the development of clinical decision support systems, it
was determined that better clinical management was provided
in the EDs and better patient results were achieved. In the study
of Niemi et al. (18), It has been shown that improvement has
been achieved in the diagnosis and treatment of pneumonia and
heart failure patients with the use of CDSS. Drescer et al. (19)
determined that CDSS contributed significantly to the accuracy
of the decision to have CT angiography in patients who were
suspected of pulmonary embolism, but CDSS was considered to
be less accepted by emergency physicians because it was time-
consuming. It has also been determined that with improved
CDSS, there is a significant benefit in the management of sepsis
cases (20), and in making the right triage decision (21).

Although clinical decision support systems have benefits and
usefulness mentioned, they have some limitations and negative
aspects. In a systematic analysis on this issue, the negative
aspects are listed as follows. Clinical decision support systems
can be installed as independent systems or integrated into the
electronic health record (EHR) software of hospitals. In the case
of the CDSS systems are a stand-alone system, it may disrupt
the workflow of clinicians, as it requires clinicians to perform
recording outside of routine computer work. If it is integrated
into the system, it can create a substantial strain for the EHR
system. In addition, clinical decision support systems can provide
meaningless and unnecessary suggestions and warnings, and
this can cause alert fatigue in healthcare professionals. Another
limitation of decision support system is the difficulty in keeping
the information bases of decision support systems up to date
as clinical information changes. Moreover, the successful use of
decision support systems requires proficiency in using advanced
technology and these systems have a negative impact on user
skill (16).

Artificial Intelligence

The usage area of artificial intelligence technology in health
sector is getting wider. The first use of this technology in EDs
is to provide decision support in triage (21). Today, artificial
intelligence technology can be used in the EDs for patient
monitoring and early detection of clinical complications (22).

Successful results are obtained in the evaluation of diagnostic
imaging results such as computed tomography and USG with
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artificial intelligence technology in EDs (23). This technology
has the potential to reduce the waiting time for radiology
consultations in large centers and to enable rapid and accurate
interpretation of imaging results in rural EDs where radiologists
do not work (22).

Another usage area of artificial intelligence in EDs is natural
language processing systems. These systems have the ability to
interpret free texts, extract and classify certain words from these
texts. Electronic clinical notes kept in the EDs can be analyzed
with natural language processing systems and probability
estimations can be made for various clinical situations (24).

Telemedicine

Telemedicine, which is defined as the remote provision of
health services by using information and communication
technology, enables healthcare professionals in hospitals with
limited resources for acute developing serious health problems
to connect to centers that are advanced in terms of expert
and technical equipment and to receive consultancy services.
Telemedicine applications in EDs are the best example of this
(25).

Telemedicine is used to facilitate the management of different
cases in EDs. In the EDs where emergency medicine specialists do
not work, consultation can be provided with specialists for stroke
cases by using telemedicine application (TeleStroke). Thus, the
appropriateness of tissue plasminogen activator (tPA) treatment
for cases can be determined and applied without delay (26).
Telemedicine consultations were also found to contribute to
accurate and rapid ECG assessment and initiation of appropriate
therapy in cases followed up with suspicion of acute myocardial
infarction (27).

Telemedicinetechnologyisused inthe management of psychiatric
cases in EDs. With the service, also known as telepsychiatry,
expert support on emergency psychiatric intervention can be
provided (28). It has been found that management of sepsis cases
with telemedicine is improved, especially in rural areas (29).
Another area in which telemedicine technology is used is the
maintenance of trauma cases care. In cases of trauma in rural
areas, the frequency of mortality and morbidity is higher than
in urban areas. With telemedicine, it is possible to consult the
experts in developed centers about the cases of trauma in rural
areas. Thus, access to definitive treatment can be shortened and
early trauma case management can be improved (30).

Robotic Technology

In EDs, robotic technology can be used in the implementation
of various tests that can assist in clinical risk classification.
Concussion syndrome (CS) is a complication that can often be
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encountered after mild traumatic brain injury. Subbian et al. (31)
developed a robot-supported objective neurological test that can
guide clinical classification for CS and predict the probability of
CS by evaluating neurological functions in EDs. However, in the
study, it has been reported that difficulties such as creating a
suitable area for the robotic device in the ED, requiring trained
personnel to use the robot and providing special technical
support for the maintenance of the device limit the use of the
device in the EDs (31).

Another application area of robotic technology in EDs is
telemedicine applications. While fixed monitors can be used
for telemedicine, monitors can be taken to the patient by using
mobile and remote-controlled robots. In the evaluation of stroke
patients, O'Caroll et al. (32) found that the stroke team at the
hospital was faster than the robotic telemedicine application.
In the same study, it was reported that the results of robotic
telemedicine applications were excellent and this method could
be used safely for EDs that do not have a stroke team to intervene
at the bedside.

Mobile Applications

Emergency physicians use many scoring systems and algorithms
in their daily work. Mobile applications have been developed
to provide easy access at the bedside to algorithms, checklists,
clinical calculators and risk grading systems frequently used by
physicians in EDs (33). Mobile applications used in EDs can be
listed as providing decision support, accessing and evaluating
patient data, and those that provide fast communication with
other healthcare professionals or patients (34).

Mobile applications provide many conveniences to its users.
Unlike other service tools used in EDs, it is abundant and much
cheaper. However, those who develop these applications are
not subject to quality standards and controls like other medical
product developers. For this reason, mobile applications to be
used must be carefully selected (34,35).

Wireless “Wearable” Biosensors

Recent technological innovations show that wireless “wearable”
biosensors can be used to catch the deterioration in the condition
of patients at an early stage (36). In their study with sepsis
patients, Garbern et al. (37) Determined that wireless “wearable”
biosensors are a reliable way for continuous monitoring of heart
rate and breathing. Another new use of wearable biosensors in
EDs is to prevent deaths from overdose opioid intake, which is an
increasing threat to the whole world. For this purpose, the drug
dose used by patients who are prescribed opioids in EDs can be
monitored with wearable biosensors. Thus, compliance of the
patients with the treatment plan can be evaluated (38).

Technological Innovations Used in Patient Registration and
Follow-Up

Online Registration

In traditional EDs, every patient other than those coming to
the ED by ambulance registers at the patient registry and the
treatment priority is determined after the first assessment by the
triage officer. With the developing technology, it is possible for
the patients to make their own records for their ED visit from
their homes and cars via their mobile phones. Thus, the workload
of the employees in the triage and patient registration unit is
reduced and it is possible to perform the admission processes in
a shorter time (39).

Today, another innovation used for patient registration in EDs
is kiosk devices. In addition to obtaining a queue number for
examination, these patients can enter their medical history,
background, pain level, and major complaints data into the
system from the kiosk screen (40). Although a limited number of
studies have been done on this new practice, the data obtained
show that reduced workload helps triage nurses to focus more on
patients’ medical condition (41), and reduce the waiting time of
patients in the ED (42).

Patient Flow Software and Real-Time Location Systems

The focus of ED service delivery shifts from expertise-based care
to system-based key performance indicators such as “National
Emergency Access Target (NEAT)” and “four-hour rule”. This
makes the patient transfer process and information transfer
between emergency EDs and inpatient units more and more
important (43).

Patient tracking systems and patient flow software are
technology-based solutions developed to improve the transfer
of patients from the emergency room to other service and
diagnostic units in the hospital (44). Patient flow software used
in the EDs enables patients’ locations to be seen in the hospital.
They can define the empty beds in the hospital according to their
specialty. Thus, it contributes to the reduction of the waiting time
of the patients who will be admitted from the ED, to facilitate the
communication between the ED and other services, and to speed
up the patient admission and discharge processes (45).

Patient tracking systems are based on infrared lights, radio waves
and ultrasound technology. Patients are generally followed up
with position transmission wristbands, and sensors and radios
are used as tracking tools (45,46). In some of these systems, by
manually entering and updating data, patient information can
be transferred and tracked from the ED to the inpatient units
to which the patient is transferred. Some other systems provide
tracking the location of patients in real time. Thus, it is possible
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to follow the units in which the patient in the ED is sent during
the whole treatment process in real time (45).

With real-time follow-up, it is possible to monitor how long
patients wait in the diagnosis and treatment units that they
are sent to. In the system, it is also possible for healthcare
professionals in the units where the patients go to share the
information and notes they consider important to the patient.
Along with the patient’s location, important warnings such as
“ready for discharge” or “waiting for the queue for X-ray” and
“risk of falling” can be transferred to the system and monitored
(44,45). All this information can be seen on a digital screen called
“electronic whiteboard” in the ED. Location transmission labels
can also be applied to beds, staff and equipment, and allow
tracking of all movements in the hospital (46).

Patient tracking systems and patient flow software provide ease
of use of time more efficiently and increase safety on patient
care (44). It is reported that the system facilitates the registration
of the procedures performed on the patients, reduces the waiting
time, and increases patient satisfaction (47). In addition, it
provides hospital managers with important data to analyze the
workflow. However, since patient tracking systems are very new,
their effects and success outputs have not been fully documented
(46).

Voice Response Systems

The follow-up of patients after discharge from the ED and the care
requirements in the early discharge period are among the issues
that draw attention in recent years. The most important problems
related to patient safety in early discharge are not knowing what
to do in case of symptoms restarting or progressing, and patients
do not have their recommended controls (48). Depending
on such problems, approximately 8% of the patients who are
discharged from the ED may develop various complications after
discharge (49). Telephone monitoring is carried out for the early
detection of possible complications. This practice is reported to
increase patient safety and satisfaction (48,50). However, it is
almost impossible to make phone calls with any patient who is
discharged in the intensive working conditions of the EDs. Voice
response systems have been used to overcome this limitation.

Interactive Voice Response System is an interactive system that
enables the exchange of information by accessing information
systems remotely by telephone, directing them with keys or
voice. Thus, financial problems, personnel and time shortages
can be overcome for the follow-up of patients discharged over
the phone. The software owned by these systems also enables
people to connect to a computer via the phone and transfer the
data entered by the patients to the digital environment through
the established connection (49,50).
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Conclusion

Technological innovations have provided significant benefits to
the treatment and care process in EDs from patient admission to
discharge. These benefits include reduced patient stay in the EDs,
rapid diagnosis, real-time follow-up of patients in the EDs and
hospital so that patient information can be shared with the entire
care team, and medical errors due to causes such as memory
factor and time pressure are avoided. The expeditious advances
in technology have the potential to offer innovative solutions
for predicting epidemics, avoiding preventable deaths, reducing
healthcare waste, and improving efficiency and quality of care
in ED services. However, in general, the use of technological
developments in healthcare services brings along problems such
as the safety and non-protection of patient data, weakening
of caregiver-patient interaction, problems of integration and
cost-effectiveness, and the inability of health professionals to
adapt adequately to new technological changes. In conclusion,
further studies with a high level of evidence regarding the effects
of technological innovations on patient safety, care cost, and
practitioner satisfaction are needed in order to overcome these
problems and provide ED services with the highest quality using
technological developments.
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