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ABSTRACT

As in many scientific fields, the increased benefit of biomedical engineering has
brought a paradigm shift in the manner in which physicians, and in particular
paediatricians, are able to support their patients. The tempo of new applications
being introduced, especially with the introduction of artificial intelligence to
support diagnosis, has skyrocketed and the end is still not in sight. This is
exciting times and for the paediatrician it brings a number of support systems
to enhance diagnostic accuracy and improved management. This article
highlights some of the rapid developments in biomedical engineering including
microelectronics, Al-supported diagnostics, organ transplantation and
advances in cancer treatment to name a few.
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Over the past 2000 years, the science of medicine has
progressed with leaps and bounds especially since the
introduction of electricity, the discovery of micro-
organisms and the development of pharmacological
agents.? The last three decades have been specifically
noted for the influence of computers, micro-electronics
as well as the internet and recently the advent of
artificial intelligence (Al), which have opened up
unlimited information made available to the physician
to assist in reaching a definitive diagnosis, managing
the disease via a multitude of therapeutic modalities
and monitoring progress effectively.>* Nowhere has
this become more apparent than in the paediatric
practice where the outcome of any result would not
only affect the quality of child’s life, but also that of the
close family and caretakers. This article will highlight
the various fields of medical science and how
bioengineering has changed and sculpted the present-
day paediatric practice as well as a view on what the
future will hold. Although not directly involved, such as

paediatrician is indirectly involved in managing these
cases on a day-to-day basis. Refer to Table 1.

Before we venture into the future let us allow ourselves
to have a look at a day in the life of a paediatrician. The
mobile phone has replaced the stand-alone phone and
pagers making it easy to receive calls and respond to
emergency cases. More so, it allows the user to have
direct access to emails and documents which can be
rerouted to colleagues and associates. Patient files can
be accessed via a dedicated hospital, or government
platform as well as clinical information such as blood
and other laboratory results and include radiographic
information, e.g., X-rays and MRI reports.57
Prescriptions can be sent via a security mobile phone
app.® The cost saving regarding waiting time required is
significant.® The most important benefit is to the
patient who does not have to wait long hours before
results or special investigations can be discussed and
acted upon. Obviously, the paediatrician has more time
available to focus on reaching a diagnosis as well as

shortening the time before the patient can be treated.

cancer treatment and heart transplants, the
Table 1. Technology Available to Paediatricians
Technology Present Future

Cardiovascular

Holter monitoring

Skin patch embedded sensors

Respiratory Stethoscope Micro-electronics
EEG Contact electrodes Intra-ear EEG
Diabetes Glucose monitoring and insulin delivery | Al optimisation
Hearing Bionic devices Alinformatics

Pharmacology

Pharmacogenomics

Patient-specific drug design

Radiology X-ray, ultrasound, CT scan, MRI Al diagnostics and mobile MRI
Vision Computer assist devices Bionic vision
Metabolic disorders | Blood analysis CRISP/Casg

Oncology

Genetic profiling drug delivery

Immunotherapy, CAR-T

Transplant

Heart, lung, kidney

Artificial organs

Neuropathology

Biofeedback, IR monitoring

Intracranial monitoring and diagnostics
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Biomedical Engineering Technology

At the present moment, paediatricians will rely mostly
on auscultation to detect any respiratory or cardiac
abnormalities. The latest in stethoscope development
allows the user to amplify and filter heart and breathing
sounds as well as real-time electrocardiogram (ECG)
information,*® download the data via Bluetooth to a
web-based app and then email to a colleague for
further assessment. Standard ECG registration and
Holter monitoring and Loop recording are presently
readily available and includes built in diagnostic
capabilities.** Future stethoscope development will
include advanced Al diagnostic reports especially with
regard to respiratory sounds and heart murmurs, again
allowing the paediatrician to make real time decisions
regarding further management.*> Holter monitors will
be replaced with a skin patch that incorporates
embedded micro-electronics.*

Hospitals

VERY High cost
Capita, VERY low
volume

Low cost pr. Capita,
VERY Low volume

Remote Health Monitoring

g |

High cost pr. Capita,
low volume

Al has entered the arena of special investigations acting
in the background of laboratory results as well as
radiographic screening and interpretation but now also
moving into everyday applications such as auscultation
for heart murmurs, dysrhythmias and lung sounds and
assisting medical personnel to make an early and
preliminary diagnosis without having to transfer the
patient to a tertiary care centre.*»*s The application of
data science on a broader level will benefit a significant
number of applications of which its predictive capacity
is probably the most exciting. Heart rate variability has
already been demonstrated to operate as an “early
warning” signal that will alert the paediatrician of an
impending infection or crisis long before the patient
presents with symptoms.** See Diagram 1 below
(Henrik Ibsen, Aarbus University, Denmark) indicating
the financial benefit of remote monitoring as a
preventative technological support.

Preventive

Low cost pr. Capita,
High volume

—

.

Diaaram 1: Health Monitorina - Impact vs. Complexitv/Cost

Bionic Cochlear implants are now standard in cases of
extreme deafness. The future will include devices with
more electrodes as well as Al supported sound and
volume adaptation with frequency filtering whilst
moving from a quiet room to a meeting or conference
with all round noise impacting on the ability to identify
the voice of the speaker.*”*® The quantum jump will be
in the commercialization of bionic eyes.*® A number of
options are presently being investigated including Al
driven miniature cameras attached to glasses with an
auditory output warning the user of an obstacle,
intraocular  charged coupled devices (CCD)
implantation with stimulation of the ocular nerve and
intracranial sensors placed on the visual cortex.>*2

Electroencephalogram (EEG) monitoring has come a
long way since the previous century. Mobile EEG
monitoring is now standard and can be ordered from a
reputable electrophysiologist.> However, it is still a
cumbersome procedure with the electrodes having to

be attached to the scalp and results in quite a messy
clean-up afterwards. Contactless electrodes are
available, but signal detection is often hindered due to
bulky hair styles.?* Intra-ear EEG monitoring applying
Fast Fourier transform (FFT) analysis has demonstrated
to be accurate in detecting cortical EEG activity.>>"7 See
Diagram 2. Although not as accurate in localization
compared to the standard array of EEG electrodes, it
has the advantage of being highly comfortable,
aesthetically acceptable and will allow the user to be
monitored during sleep, anaesthesia® as well as during
work and school hours. It can also detect sedation,
drowsiness, drug overdose, tiredness and act as an
early warning signal for convulsions, epilepsy and
mood derangements.>93°

Especially in the field of neurodiversity, patients are
often on multiple drugs for various reasons. These may
include stimulants such as methylphenidate or
Lizdexamphetamine to improve concentration, anti-
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epileptic medications such as sodium valproate or
lamotigine as a mood stabilizer, antidepressants i.e.
selective serotonin reuptake inhibitors (SSRI’s) or
mono-amine oxidase inhibitors (MOI) e.g. Sertraline or
Ethipramine to lessen anxiety, or anti-psychotics such
as Respiridone or Ziprasidone to modify behaviour.3*33
Until recently the paediatrician or psychiatrist had to
gauge the response based on feedback from the
patient or guardian and if the patient complained of
specific side-effects, the paediatrician had to work
through a conglomerate of side-effects potentially

) \
oS
/;\K

-

Electrode

related to each drug as well as the interaction the drugs
would have on each other.3* Often, he/she would then
have to trial and error hoping to find the ideal
combination for the individual patient. The recent
introduction of pharmacogenomics, where all the
drugs used by the patient are matched against the
patient’s genetic profile, has made this conundrum
significantly easier and will lead to less side-effects,
improved efficacy and patient compliance.3> The future
will be even more promising leading to patient specific
drug design and profiling.3637

Diagram 2: An example of an intra-ear canal EEG monitor

The diagnosis of patients with attention deficit
hyperactivity disorder (ADHD) is still complex, costly
and subjective where the diagnosis is made after an
extensive review of a psychological assessment, and
reports such as the Swan and Snap IV.3®3 In the
developing world, these patients often go undetected
adding to the financial burden of a government to

Parents use
PANDA to
quantitatively
assess child

PANDA analysis
predicts the severity “ul
of ADHD using a machine MLL
learning algorithm

Problems at school
suggest child has ADHD

No language/mathematical
skills needed to play game

Parents are empowered

support them throughout their accademical and
working career.*® Simple and accurate Al driven
alternatives are emerging which will not only support
the paediatrician in making a quick and objective
assessment but will aid in the monitoring and response
to medication.«

PANDA is used to
assess treatment outcome

to make informed
decisions

Information helps specialist
make formal diagnosis and
choose treatment plan

Diagram 3: Pandas Game: Pediatric Attention Deficit/Hyperactivity Disorder Application Software

Maybe the brightest future lies in the area of transplant
technology. Not only the potential of genetically
modified animal organs to negate the possibility of

rejection, but the growth of stem cell derived organs as
well as mechanical artificial hearts, lungs, kidneys,
pancreas B-cells and liver organs.«>4®
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Biofeedback applying EEG or infrared (IR) analysis, a
technique to improve concentration or mood
modification, has been available for a decade or
two.4%48 Intracranial implants to stabilize epilepsy has
become a safe and effective method to control
recalcitrant convulsions.*® Transcranial stimulation has
recently been added to the treatment armamentarium
as an option to treat depression. The advent of brain-
computer interface has opened up an unlimited
potential of applications. The more obvious application
is in assisting quadriplegic patients to communicate
effectively.5>s* However, the support in modifying
behavior in neurodiverse patients, decreasing the need
for mood stabilizers such as anti-psychotics, deep
neural stimulation in anxiety and depression are some
of the benefits that brain-computer interface will
hold.5?55

Metabolic disorders include a wide range of genetic
abnormalities that affect metabolic pathways between
organs such Phenylketonuria (PKU) and Insulin
Dependent Diabetes Mellitus (IDDM) as well as within
cells such as mitochondrial disorders e.g., Leigh
syndrome.5® Till recently the management has focused
mainly on supporting the patient with dietary
modifications and physical support, e.g., occupational
and physiotherapy. Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPR) is a gene-editing
technology that allows scientists to modify DNA
sequences in living cells and organisms. It is based on a
bacterial immune system that uses CRISPR and
CRISPR-associated protein g (Casg) to defend against
viruses. This technology has revolutionized biomedical
research and has potential applications in treating
genetic diseases and developing new therapies.5

Although not directly involved in oncology, the
paediatrician is often confronted with a patient
undergoing chemotherapy or radiotherapy. Nowhere

in medical science has there been such a paradigm shift
as here, moving away from standard diagnostic
techniques and chemotherapy to pharmacogenomics
and chimeric antigen receptors (CAR T-Cell).®* The
"CAR" is the engineered receptor on the T cells that
allows them to bind to a specific protein on cancer
cells. CAR T-cell therapy is a type of immunotherapy,
meaning it uses the body's own immune system to fight
cancer. It involves genetically modifying a patient's T
cells, a type of white blood cell, to better recognize and
attack cancer cells.®

If anything, the future for paediatric management
looks bright leading to a more efficient and satisfying
day to day interaction with patients. The sustainability
of future Al-driven general practice support hinges on
balancing its transformative potential with responsible
implementation. While Al offers numerous benefits like
improved efficiency, resource optimization, and
personalized care, its environmental impact, ethical
considerations, and potential for exacerbating existing
inequalities need careful management. A sustainable
approach requires integrating Al strategies within
broader sustainability initiatives, focusing on eco-
design, responsible data management, and continuous
monitoring.®3¢®
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