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Abstract

The integration of artificial intelligence (AI) into prenatal ultrasound represents one of the most promising innovations in
contemporary Fetal Medicine. This opinion article examines the main advantages and limitations of Al application in this
context, highlighting advances in the automation of biometric measurements, reduction of clinicians’ cognitive workload,
and diagnostic support for fetal anomalies - particularly cardiac and central nervous system malformations. The use of con-
volutional neural networks has shown high efficacy in the segmentation and detection of fetal structures, enhancing both
efficiency and consistency in screening. However, several challenges remain, including the need for large and diverse da-
tasets, technical constraints, ethical considerations, and difficulties in effective implementation within clinical practice.
The widespread adoption of these technologies will depend on continued research, appropriate regulatory frameworks, and
close collaboration between clinicians and engineers, ensuring safe, effective, and equitable integration across varied health-
care settings.
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Resumo

A integracao da inteligéncia artificial (IA) na ecografia pré-natal constitui uma das mais promissoras inovacdes na Medici-
na Fetal contemporanea. Este artigo de opinifo analisa as principais vantagens e limitacoes da aplicacao da IA neste con-
texto, salientando os avancos na automatizacio das medicdes biométricas, a reducido da carga cognitiva dos profissionais
de saude e o apoio ao diagnostico de anomalias fetais, com especial destaque para as malformacoes cardiacas e do sistema
nervoso central. A utilizacao de redes neuronais convolucionais tem demonstrado elevada eficacia na segmentacao e dete-
cdo de estruturas fetais, promovendo maior eficiéncia e consisténcia no rastreio. Contudo, subsistem desafios relevantes,
nomeadamente a necessidade de bases de dados amplas e diversificadas, constrangimentos técnicos, questdes éticas e di-
ficuldades na integracéo efetiva na pratica clinica. A plena adocao destas tecnologias dependera de investigacdo continua,
regulamentacao adequada e da colaboracao entre clinicos e engenheiros, de forma a assegurar uma implementacao segu-
ra, eficaz e equitativa em diferentes realidades assistenciais.

Palavras-chave: Inteligéncia artificial; Ecografia pré-natal; Medicina fetal, Diagnostico automatizado.

INTRODUCTION to achieve specific objectives through adaptive proces-
ses. A prominent area within Al is machine learning

A rtificial intelligence (Al) refers to the capability of (ML), a powerful set of computational techniques that
systems to interpret and learn from external data  train models based on patterns derived from human
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inference. However, a significant challenge in ML is that
training relies heavily on statistical insights and human
expertise. This limitation has led to the development of
deep learning. As a subset of ML, deep learning em-
ploys convolutional neural networks (CNNs), which
are among the most effective methods for image-rela-
ted tasks. These networks offer better performance
even with limited training data, enabling more abstract
feature representations'.

Although Al has recently gained considerable atten-
tion, it is not a novel subject; the conceptual founda-
tion of machine intelligence was established in the
mid-20th century by Alan Turing. In his 1950 paper,
“Computing Machinery and Intelligence,” Turing in-
troduced the idea of machine intelligence and propo-
sed the “Turing Test” as a standard for assessing Al ca-
pabilities. Research linking early forms of Al to medi-
cine began in 1951 and has since evolved significantly,
playing an increasingly important role in various
aspects of our lives'”.

Ultrasound (US) is the cornerstone of Fetal Medici-
ne. It allows doctors to obtain essential information on
fetal anatomy, development, and general health. Addi-
tionally, it is non-invasive, real-time, and has minimal
contraindications, making it the most used image tech-
nique. However, it is time-consuming and depends lar-
gely on doctors experience and updated equipment.
Moreover, it requires extensive training to achieve
optimal results, therefore it is subject to operator va-
riability'*. Significant research has been conducted on
the application of artificial intelligence in medical ima-
ge techniques, with Al-assisted diagnosis becoming a
focal point in general US and other imaging methods.
Numerous studies have demonstrated some success in
diagnosis liver, thyroid, and breast diseases using Al
assisted ultrasound. However, the application of Al in
prenatal ultrasound remains in its early stages®”’. In re-
cent years, the integration of Al-driven tools in major
ultrasound systems dedicated to Fetal Medicine has
been progressively adopted. These advancements pri-
marily focus on automated measurements and assis-
tance on image analysis, aiming to contribute to ano-
maly detection and workflow efficiency.

1. Associacao Portuguesa de Diagnostico Pré-Natal.
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The application of artificial intelligence (AI) in me-
dicine encompasses a wide range of uses. In the near
future, it is anticipated that nearly every technical
aspect of medical practice will be supported by some
form of AL This includes assistance with patient histo-
1y, documentation, and prescriptions, as well as more
complex tasks such as surgery and diagnostics. This
opinion article aims to provide a brief overview and in-
sights into the role of Al in imaging detection during
prenatal ultrasound.

ADVANTAGES

Workflow efficiency and cognitive load
Automatic measurement of fetal biometry has been
available for a long time. The primary benefit of this
technology is the ability to minimize inter- and intra-
-observer variation in precise measurements like nu-
chal translucency®. Nevertheless, with such tool, the
operator is responsible for searching the correct pla-
nes, identifying the correct anatomic landmarks to be
measured, freezing and saving images, which is as la-
borious and time consuming as a manual measure-
ment. The latest evolution in this area, and probably the
most known Al driven advance in prenatal ultrasound,
is the ability to perform all the described steps com-
pletely automatic in real-time while the operator is per-
forming the scan. This profoundly changes the metho-
dology in which the examination is conducted, remo-
ving from the doctors the need to go through all the
described process, resulting in fewer interruptions and
amore streamlined workflow. The use of such techno-
logy allows for a focused assessment of fetal structure
without distractions. A randomised controlled trial de-
monstrated that the use of this type of Al reduces sig-
nificantly the duration of the ultrasound examination
in about 40%°°. A reduction of this magnitude can sig-
nificantly improve scan quality allowing more time to
actually assess fetal structures or even imaging a parti-
cular anatomical area of concern. Shorter scan dura-
tions may also offer economic benefits by potentially re-
ducing scan costs. This fact might attract the attention
of bureaucrats, though it is by far a much less impor-
tant benefit when compared to the possibility of im-
proving the quality of assessments for patients.
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Cognitive load (CL) refers to the amount of mental
effort required to complete a task. It is a key concept in
cognitive psychology and may have significant impli-
cations in medical imaging. Cognitive load theory
suggests that human working memory has limited ca-
pacity, and when too much information or complexity
is introduced, performance may decline'!. From the
operator’s perspective, ultrasound is a very demanding
technique. It is often multitasking, complex and re-
quires extreme focus to be able to identify subtle nuan-
ces in a grayscale 2D image of a complex 3D moving
subject, the fetus. The cognitive toll to perform such
technique properly can be high specially among less
experienced doctors. It is known that in medical ima-
ging CL is a crucial factor affecting diagnostic accura-
cy, decision-making, and overall efficiency. The NASA-
-TLX scale evaluates six dimensions of cognitive work-
load: mental demand, physical demand, temporal de-
mand, effort, performance, and frustration'*"*. Studies
found that Al-assisted ultrasound significantly redu-
ced CL across all these dimensions, by automating the
detection and selection of standard anatomical planes
and biometric measurements. The reduction in cogni-
tive load is particularly relevant given the increasing
demands on doctors, who must perform a high volu-
me of scans while maintaining the highest accuracy and
consistency. High CL has been linked to fatigue, in-
creased error rates, and decreased diagnostic confi-
dence. By streamlining the scanning process, Al assis-
tance could help mitigate these risks, making fetal ano-
maly screening more efficient while reducing the im-
pact on CL?101%15,

Diagnostic assistance

The primary goal of prenatal ultrasound is to diagnose
fetal structural abnormalities, nonetheless this often
subjective and success varies with operator. Research
into computer-assisted diagnostic tools could even-
tually provide a more objective assessment, diminis-
hing the impact of the inherent operator-dependent na-
ture of this technique, attempting for more consistent
and reliable diagnostic outcomes. At the moment, sig-
nificant efforts are being made, using deep learning
techniques particularly convolutional neural networks
(CNNs) with image and videos of different normal and
abnormal structures, to improve the detection of ma-
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jor defects '*. However, machine learning of abnormal
cases requires extensive training data, and few studies
currently address this complexity.

Cardiac anomalies represent, to date, the most stu-
died group of congenital abnormalities, likely due to
their significant clinical impact, high prevalence, and
diagnostic complexity. At present, a collaborative
approach that combines human expertise with artificial
intelligence appears to be the most effective strategy for
integrating this technology into clinical practice, the-
refore CNNs are primarily trained to assist in the de-
tection of various congenital heart defects and to per-
form the standard cardiac biometric assessments. Re-
ported detection rates vary across studies, with some
indicating accuracies as high as 95% during mid-tri-
mester ultrasound examinations!”. Furthermore, the
detection rate for coarctation of the aorta (CoA) has
been reported to reach 90% at the same stage, with a
false positive rate of approximately 11% and an area
under the curve (AUC) of 0.96'%'°. While highly spe-
cialised clinicians may achieve comparable detection
rates, the key advantage of Al integration lies in its po-
tential to enable similar performance levels among less
experienced operators.

Another area of increasing interest in Al research is
the prenatal diagnosis of central nervous system (CNS)
defects. Al models, particularly CNNs and U-Net
architectures (a convolutional neural network specific
design for image segmentation), are utilized to auto-
matically delineate various structures within the fetal
brain in both ultrasound and magnetic resonance ima-
ging (MRI). This automated segmentation enables
quantitative analysis of brain volumes and facilitates
the identification of structural abnormalities. Studies
employing deep learning techniques on fetal brain ul-
trasound images have demonstrated high diagnostic
accuracy, with reported sensitivities of up to 97% and
specificities reaching 96% in distinguishing between
normal and abnormal cases. For the detection of ma-
jor anomalies, such as encephalocele and holoprosen-
cephaly, the AUC has been reported to range from 0.85
to 0.89%%2. One anticipated challenge in fetal brain ana-
lysis lies in the dynamic nature of brain development
throughout gestation, necessitating large and diverse
datasets to effectively train models across different de-
velopmental stages. Nevertheless, this system may
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ultimately derive the greatest benefit from the integra-
tion of emerging technologies into clinical practice.

Challenges and limitations

The advancements in Al assisted tools are promising,
however as with any other emerging technology, some
limitations and challenges persists. The performance
of the ATl models is highly dependent on the quality of
the data provided, in other words, suboptimal image
quality, which can arise due to many well-known fac-
tors, can negatively impact the accuracy of Al-driven
diagnoses. Another significant challenge is the need for
large and diverse training datasets to develop robust
and generalizable Al models. Presently, the availability
of such comprehensive datasets, encompassing a wide
spectrum of normal and abnormal structures across
different organs and systems, wide gestational ages
spectrum and populations, is yet limited. This has a di-
rect impact on the Al ability to detect highly complex
or more rare defects due to the lack of sufficient trai-
ning data for these conditions*'**. Nevertheless, such
challenges will be surpassed over time.

The successful integration of Al tools into routine
clinical practice also requires addressing technical and
logistical challenges, including seamless integration
with existing ultrasound equipment and clinical work-
flows. Understanding the reasoning behind the pre-
dictions made by Al models in fetal brain imaging is
crucial for building trust among clinicians and for iden-
tifying potential biases or limitations within the mo-
dels themselves. Moreover, ethical considerations re-
lated to data privacy, algorithmic bias, and the poten-
tial impact on the physician-patient relationship, along
with navigating the necessary regulatory approval pro-
cesses, can impede the widespread adoption of Al in
this field"".

CONCLUSION

The future of healthcare holds tremendous potential
for innovation through the continued advancement
and integration of artificial intelligence. The incorpo-
ration of Al into prenatal diagnosis will work as a po-
werful tool that amplifies the capabilities of healthcare
professionals, the collaboration with clinicians can po-
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tentially improve diagnostic ability. Furthermore, Al
can contribute to the standardization of fetal medicine
care reducing variability and ensuring more consistent
assessments across different operators and healthcare
settings including essential prenatal diagnostic servi-
ces in resource-limited regions.

Addressing the current limitations in data availabi-
lity is crucial. Establishing larger, more varied, and
well-annotated datasets of fetal ultrasound images will
allow for developing robust and generalisable models.
Improving the interpretability and explainability of Al
models is important to acquire trust from clinicians and
also facilitate identification of potential biases. Stream-
lining the integration of these new tools into clinical
workflows and ensuring user-friendly interfaces will
facilitate their widespread adoption. Furthermore, as
artificial intelligence becomes more essential in fetal
medicine, it is imperative to establish clear ethical gui-
delines and regulatory frameworks. These measures
will be decisive in addressing concerns related to data
privacy, algorithmic bias, and accountability.

Future research in the field of fetal medicine should
concentrate on broadening the applications of Al to en-
compass the detection of all possible fetal anomalies,
integration of multi-modal data beyond imaging, even-
tually incorporating genomic and maternal health re-
cords, lifestyle data, and environmental exposures for
amore complete approach to risk assessment and diag-
nosis. The future may also see Al playing a role in gui-
ding prenatal interventions and treatments.

Finally, long-term studies are needed to compre-
hensively evaluate the impact of Al-assisted prenatal
diagnosis on maternal and child health outcomes.
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