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Keywords Abstract

Artificial Intelligence, Head injury is an emergency condition that is still the leading cause of
Early Detection, Epidural death. Manifestations of head injury may be accompanied by intracranial
Hematoma, Machine hemorrhage, one of which is epidural hemorrhage or epidural hematoma
Learning, Neuroimaging, (EDH). This study aims to explore the potential application of artificial
Traumatic Brain Injury intelligence in the early detection of epidural hematoma with the main

objective of improving early diagnosis and management of this
condition. This paper uses a literature review study method derived from
the analysis of various references. The references used have inclusion
criteria in the form of full text type, related to the topic of discussion
using "Artificial Intelligence", "Deep learning", and "epidural
hematome". The result of this study is that EWS finds the presence of
EDH in two or more images from a set of CT-Scans, the system will send
an email to the medical practitioner with an attachment of images
showing EDH for immediate action. In previous tests, the system
successfully diagnosed 13 out of 277 patients with EDH, with 85% of the
diagnoses having a high level of importance. This shows that the EWS
has the potential to improve early detection and management of EDH
cases, as well as provide medical practitioners with important
information for appropriate action.
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INTRODUCTION

Head injury is an emergency condition that causes the most deaths with a relatively
high incidence rate. Although epidemiological data in Indonesia is not yet available, head
injuries have a severe impact on the country's health. For example, in England, 1.4 million
people suffer head injuries every year, with 150,000 sufferers registered in hospitals. Head
injuries can cause temporary or permanent disturbances in neurological, physical, cognitive
and psychosocial functions. The manifestation is usually accompanied by intracranial
bleeding due to rupture of blood vessels in the brain, one of which is Epidural bleeding or
Epidural Hematoma (Ansar et al., 2021; Rudyanto et al., 2023; Awaloei et al., 2016; Rawis et
al., 2016; Astuti et al., 2016; Siahaya et al., 2020).

Epidural Hematoma (EDH) is a collection of blood found in the epidural area
between the internal tabula and the dura mater layer. Imaging with Computerized
Tomography Scanning (CT-Scan) is currently the standard diagnostic modality because it
can show all brain tissue accurately, the location of the lesion, and its extent. However, it
takes quite a long time for patients with head injuries to be diagnosed, whether there is EDH
or other intracranial bleeding, considering the service algorithm in hospitals and not all
hospitals provide radiological examinations, so a referral needs to be made first. In response
to this, technology is required that can detect intracranial bleeding in patients with head
injuries, especially those accompanied by EDH (Manarisip et al., 2014; Darmayanti &
Armaijn, 2020; Yunus et al., 2020).

Nowadays, technology has developed rapidly following the development of science
and research, which is continuously carried out so that human life is increasingly integrated
with technology, which continues to grow, as well as in the world of medicine; medical
technology continues to follow technological developments so that it can provide the best
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health services. Research on health services integrated with technology in the medical field is
developing rapidly, especially regarding artificial intelligence (AI) (Azimah & Rizky Nova
Wardani, 2022). Al itself is a technology designed to have intelligence that can be compared
to human intelligence by imitating human cognitive functions in problem-solving, as well as
learning, thinking and behaving like humans (Brynjolfsson et al., 2018; Jiang et al., 2021;
Malik et al., 2019; Malik et al., 2019; Pedersen et al., 2018).

Technology integrated with AI has been developed in medical imaging to achieve
effectiveness and efficiency in radiological examinations. Most Al applications in the imaging
field can be used in emergencies for effective and efficient interpretation and diagnosis.
Considering the development of medical technology integrated with Al, especially in imaging
with the high number of head injury cases with EDH as a manifestation, technology
combined with Al is needed with specificity for early detection of EDH in patients with head
injuries (Hosny et al., 2018; Katzman et al., 2023; Mello-Thoms & Mello, 2023).

Research into the application of artificial intelligence in the early detection of
epidural hematoma has significant potential benefits in the medical field. With the ability to
detect the symptoms of epidural hematoma quickly and accurately, this research can assist in
reducing delays in the delivery of critical care, improving patient safety, and optimizing the
use of medical resources. In addition, the results of this study can support the development
of better decision support systems, improve the prediction of patient outcomes, and open the
door for more innovative follow-up research in the field of epidural hematoma detection and
management.

This study aims to explore the potential application of artificial intelligence in the
early detection of epidural hematoma with the primary aim of improving the early diagnosis
and management of this condition. The hypothesis is that the use of artificial intelligence
algorithms trained with relevant medical data can improve the ability to detect signs of
epidural hematoma more quickly and accurately than traditional methods. Thus, it is hoped
that artificial intelligence systems can reduce delays in critical care, improve patient
outcomes, and assist in the management of medical resources more efficiently. In addition, it
is assumed that the results of this study will pave the way for the development of better
decision support systems and continued innovation in the field of epidural hematoma
detection and management.

RESEARCH METHODS

The writing of this literature review uses a literature review study method derived
from the analysis of various references both nationally and internationally. The references
used in this literature review have inclusion criteria in the form of full text types, related to
the topic of discussion using "Artificial Intelligence", "Deep learning", and "epidural
hematome" as keywords in several databases, namely Pubmed, Google Scholar,
ScienceDirect, and ResearchGate, and confirmed to have been published in the last ten years.

RESULTS AND DISCUSSION
Application of Artificial Intelligence in Neuroradiology

One example of Al widely applied today is machine learning, which is divided into
supervised and unsupervised machine learning. This case will discuss supervised machine
learning. Some data can help train the machine's algorithm in supervised machine learning.
For example, a machine that has been integrated with data related to nerve CT-Scan images,
which have been grouped into different groups by neuroradiologists (with or without
bleeding), will help the machine provide more accurate predictions (LeCun et al., 2015;
Mwangi et al., 2014; Hassabis et al., 2017 ).
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Figure 1 Architectural model of computer and human neural networks

Deep learning is the most widely applied supervised machine learning method,
especially in medical imaging or radiology. The deep learning method is a method that can
classify data automatically using neural networks as an architectural model because it is
inspired by the structure of neural networks in the brain (Figure 1). Simple deep-learning
models can receive image data serving as "neuron" input for neuroimaging. Although the
example below uses individual images as input, the input can generally be a series of photos
from several modalities. Once the input is received, we must determine how many layers
(how deep) and how many neurons per layer (how comprehensive) to include; this is known
as the network architecture (Figure 2). Then, after that, they will be classified into several
groups according to the data that trains the algorithm from the AI machine (Liu et al., 2018;

Yasaka & Abe, 2018; Montagnon et al., 2020; Litjens et al., 2017).
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Figure 3 The role of deep learning methods in clinical practice
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Deep learning methods can quickly perform tasks that are time-consuming manually
by radiologists, such as detecting lesions, segmentation, classification, monitoring, and
predicting treatment response (Figure 3). In the case of EDH, it will only focus on the initial
processing and classification stages. In the initial processing stage, the input data entered is
processed; then reconstruction will be carried out if necessary, which can improve the quality
of the data, and reduce noise and artefacts contained in the data (Figure 4). Then, the
classification stage is carried out to categorize specific groups using the random tree learner
(RTL) algorithm by producing a decision tree to determine whether the input entered is
normal or EDH (Drozdzal et al., 2018; Gillies et al., 2016; Yasaka et al., 2018; Luo et al.,
2016).

Figure 4 CT-Scan input, which has been processed and improved in quality

Use of the Early Warning System for early detection of EDH

An Early Warning System (EWS) is proposed to help radiologists scan all skull CT
scans obtained from the emergency room. This system is designed to make decisions about
the possibility of EDH or not in patients with head injuries. EWS is integrated with email so
that if there is EDH in 2 images from the same CT-Scan set, EWS will send an email to the
practitioner along with an image attachment indicating EDH to take immediate action. If
there is EDH in more than ten images from the same set, then EWS will send the
information with a note of high importance. In a previous study, testing of 27 patients was
carried out, and it was found that 13 of the 27 patients were diagnosed with EDH, with 85%
having high-importance records (Table 1) (Lao et al., 2017; Lee et al., 2017; Akkus et al.,
2017; Vieira et al., 2017; Aydoseli et al., 2022).

Table 1 EWS Test Results
EWS Test Results (27) EDH Normal Total
(High Importance) Prediction 11 0 11
(Low Importance) Prediction 2 3 5
Normal Prediction 0] 11 11
Total 13 14 27

CONCLUSION

Head injuries are one of the highest causes of death and, therefore, need to be treated
immediately. Manifestations of head injury can be accompanied by bleeding, one of which is
epidural bleeding or epidural hematoma (EDH). EDH is bleeding in the area between the
dura mater and the internal tabula, which needs to be confirmed using a CT scan. As
technology develops in the health sector, especially medical imaging, the application of
artificial intelligence continues to be discovered to help radiologists, one of which is the Early
Warning System (EWS), which can help radiologists detect early the possibility of EDH in
patients with head injuries so that can be treated quickly by health practitioners. This
method is more profitable for radiologists considering that the process does not take long
enough for emergency conditions so that treatment can be given quickly and can reduce the
death rate of patients with head injuries.
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