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ABSTRACT

Background. Background and objectives: Patent ductus arteriosus (PDA) is a common congenital cardiac
condition, especially in premature infants, and is associated with significant morbidity and mortality. Artificial
intelligence (AI) has emerged as a promising tool to aid clinicians in diagnosing PDA and guiding treatment
decisions amidst this uncertainty.

Methods. A literature search (up to December 2025) was conducted in PubMed, Scopus, and Web of Science
for peer-reviewed studies on Al (including machine learning, deep learning, computer vision, and predictive
analytics) applied to PDA.

Results. Seventeen studies were included, predominantly involving preterm neonates. Al applications mainly
targeted PDA diagnosis and outcome prediction using clinical and echocardiographic data. Imaging-based
deep learning models generally outperformed tabular data approaches (with area under the curve often >0.80).
Overall study quality was moderate, with limited external validation and data transparency.

Conclusions. Al has the potential to transform patent ductus arteriosus management by enabling earlier
detection, more consistent decision-making, and individualized treatment planning. Integration of Al into
PDA care may reduce practice variability, improve clinical outcomes, and serve as a model for the broader
application of artificial intelligence in medicine.

Key words: artificial intelligence, patent ductus arteriosus, machine learning, clinical decision support,
echocardiography.

Patent ductus arteriosus (PDA) is a congenital
cardiovascular condition defined by the failure
of the fetal ductus arteriosus to close after birth,
resulting in a persistent left-to-right shunt
between the aorta and pulmonary artery.! PDA
is particularly common in preterm infants,
with incidence inversely related to gestational
age. In very low birth weight neonates, PDA
is associated with substantial morbidity,

including chronic lung disease, necrotizing
enterocolitis, renal dysfunction, intraventricular
hemorrhage, and increased mortality. In term
infants and older children, persistent PDA may
lead to chronic cardiac volume overload, while
in adults, although uncommon, untreated large
PDA can result in heart failure or infective
endarteritis.** Conversely, in certain congenital
heart diseases, the PDA may be life-sustaining;
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for ductal-dependent lesions, maintaining
ductal patency is critical, and procedures such
as PDA stenting may be performed to ensure
adequate pulmonary or systemic blood flow.>¢
Thus, PDA management spans a spectrum from
intentional closure to intentional maintenance
of patency, depending on the clinical context.

Despite its clinical importance, optimal PDA
management remains highly controversial,
particularly in preterm infants.”® No universal
consensus exists regarding the treatment of
hemodynamically significant PDA in this
population. Therapeutic strategies range from
conservative management (watchful waiting
and supportive care), to pharmacological
closure with nonsteroidal anti-inflammatory
drugs (NSAIDs, such as indomethacin or
ibuprofen, or acetaminophen), and surgical
ligation or catheter-based closure.”'® This lack of
agreement is due in part to conflicting evidence
on long-term benefits of PDA closure and the
difficulty of determining which PDA is truly
“pathological” (hemodynamically significant)
versus benign."" In older infants and children
with PDA, treatment decisions (typically
transcatheter device closure or surgery) are
more straightforward once a PDA is identified,
but selecting the optimal timing and device
can still benefit from advanced planning
tools.’" In ductal-dependent congenital heart
disease, PDA stenting has emerged as a less
invasive alternative to surgical shunts, but it
is a technically complex procedure requiring
careful planning due to highly variable ductal
anatomy.*'®

Within this context of diagnostic and
therapeutic uncertainty, artificial intelligence
(Al) and machine learning (ML) have
emerged as promising tools to support clinical
decision-making in PDA. Al techniques can
integrate large-scale clinical, imaging, and
physiological data to identify subtle patterns,
improve diagnostic accuracy, and generate
individualized risk predictions.”'® Potential
applications include predicting spontaneous
ductal closure, identifying PDAs likely to
cause adverse outcomes, automated PDA
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detection using imaging or signal-based data,
and procedural planning for interventions
such as PDA stenting through anatomy-
aware visualization and simulation.”* These
applications align with broader trends toward
data-driven decision support in high-acuity
settings such as the neonatal intensive care unit.

Although an increasing number of studies
have explored Al-based approaches for PDA
diagnosis and management, a comprehensive
synthesis of this evidence is currently lacking.
This scoping review aims to systematically
examine the application of Al in PDA across
the full clinical spectrum, from diagnosis to
therapeutic decision support and interventional
planning, across all age groups and geographic
regions. By summarizing current evidence,
this review aims to clarify the evolving role of
Al in improving PDA care and facilitating its
integration into clinical practice.

Materials and Methods

This scoping review was conducted in
accordance with the 2020 Preferred Reporting
Items for Systematic Reviews and Meta-
Analyses (PRISMA) Extension for Scoping
Reviews.”

Search strategy

A comprehensive literature search was
performed in PubMed, Scopus, and Web
of Science, with supplementary searches in
Google Scholar to identify additional relevant
studies. The initial search was conducted in
October 2025 and updated in December 2025
to capture the most recent publications. Search
terms combined concepts related to patent
ductus arteriosus (“patent ductus arteriosus,”
“ductus arteriosus,” “PDA”) with artificial
intelligence-related  keywords, including
“artificial intelligence,” “machine learning,”
“deep learning,” “neural network,” “computer
vision,” “predictive model,” “decision support,”
and “automation.” Search strategies were
adapted to each database. Only peer-reviewed
journal articles were considered, and non-
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scholarly content was excluded. No restrictions
on publication date, country, or language
were applied at the search stage; however, all
included studies were published in English.

Eligibility criteria

A scoping review approach was adopted to
capture the breadth of Al applications in PDA
care. Studies were eligible if they met the
following criteria: (1) involved patients with
PDA of any age, including isolated PDA or
PDA associated with other congenital heart
diseases; (2) applied Al techniques to PDA-
related diagnosis, outcome prediction, decision
support, or interventional planning; (3)
reported relevant outcomes such as diagnostic
performance metrics, predictive accuracy, or
clinical utility; and (4) were original research
articles, including retrospective or prospective
studies, model development, validation, or
technical feasibility studies. Review articles,
conference abstracts without full texts, and
non—peer-reviewed reports were excluded.

Study selection and data extraction

Titles and abstracts were independently
screened by two reviewers, followed by full-
text assessment of potentially eligible studies.
Discrepancies were resolved by consensus.
Studies that met the inclusion criteria and
were included in the final analysis. From each
study, data were extracted on publication year,
country, patient population, AI methodology,
application domain, and principal findings,
including performance metrics where available.

Quality assessment

Included studies were grouped into thematic
categories addressing Al applications in PDA
diagnosis and Al-based treatment planning or
clinical decision support. Given the scoping
nature of the review, a formal risk-of-bias
assessment was not performed. Instead, all
included studies were evaluated for adherence
to best practices in Al research in accordance
with the DOME guidelines.”
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Search results

A total of 312 records were initially identified
through searches of three electronic databases.
After removal of 16 duplicate records, 296
articles remained for title and abstract screening
according to the predefined inclusion criteria.
Of these, 20 studies were retrieved for full-text
assessment. Following detailed evaluation, 3
articles were excluded, and 17 studies were
ultimately included in the review (Fig. 1).

Characteristics of included studies

The included studies showed wide geographic
representation across nine countries, with China
contributing the largest number (five studies),
followed by the United States and South Korea
(with three studies each).

Preterm neonates were the primary population
in ten studies, reflecting the clinical significance
of PDA in premature and very low birth-weight
infants, while other studies involved term
neonates or broader pediatric cohorts.

PDA diagnosis or screening and outcome
prediction were each addressed in thirteen
studies, whereas treatment planning or
management was examined in four, with
some overlap in objectives. Clinical and
laboratory tabular data were the most
frequently used inputs (11 studies), followed
by echocardiographic images or video (five
studies), while other modalities were rarely
applied (Supplementary Table S1).

Applications of Al in PDA diagnosis

Seven studies evaluated Al for PDA diagnosis
or screening. CNN-based models applied to
echocardiographic images and video Cclips
achieved expert level or superior diagnostic
accuracy, including advanced architectures
such as ResNet 50 and CHDNet for both
grayscale and color Doppler imaging.?**** Non-
imaging approaches using heart sound signals,
based on recurrent neural networks, residual
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Fig. 1. Study flow-chart.

convolution recurrent neural networks, and
gradient boosting, consistently outperformed
clinician auscultation, supporting their role
as low cost and scalable screening tools.**?
Models using routine clinical data, particularly
random forest and extreme gradient boosting,
enabled early prediction of PDA risk in preterm
neonates."

Six studies focused on PDA classification and
severity Supervised machine
learning models including random forest,
light gradient boosting machine, multilayer
perceptron, and logistic regression accurately

assessment.
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with PDA: n=2
- no clear report about Al algorithm: n
=1

v

predicted symptomatic and hemodynamically
significant PDA earlier than standard clinical
recognition.** Unsupervised learning
identified distinct hemodynamically
significant PDA (hsPDA) subphenotypes with
inflammatory or respiratory acidosis dominant
profiles.”* Multimodal models combining chest
X-ray imaging and clinical dataimproved severe
PDA detection, while explainable Al approaches
enhanced interpretability.* Notably, simpler
linear and multilayer perceptron models
also demonstrated clinically —meaningful
performance for early hsPDA risk prediction in
extremely preterm infants (Table I).
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Table I. Al applications in PDA diagnosis.

Artificial Intelligence in Patent Ductus Arteriosus

First author =~ Target Diagnostic Primary input Key diagnostic

(Year) pogulation objeg;:ive modali?c,y ’ Al technique / model ouz,comf

PDA diagnosis

Howard Lei ~ Preterm PDA diagnosis  Echocardiogram Convolutional Neural Enhanced PDA

(2021)* neonates video clip Network (CNN) detection from neonatal
echocardiograms

Sergi Gomez- Termand  PDA symptoms Heart sounds Extreme Gradient Strong potential for

Quintana late-preterm detection signal Boosting (XGBoost)  low-cost, scalable PDA
(2021)% neonates screening
Jia Liu (2022) ¥ Infants PDA diagnosis ~ Heart sound Residual Convolution Outperformed expert
signals Recurrent Neural auscultation in PDA
Network (RCRnet) screening
Hongbo Yang Infants / PDA diagnosis ~ Heart sounds Recurrent Neural Improved detection
(2023)% children and signal Network (RNN) accuracy for PDA and
adolescents VSD
Jason Erno Preterm PDA diagnosis ~ Echocardiogram ResNet-50 CNN Accurate detection
(2023) > neonates video clip of PDA using
color Doppler
echocardiography
Weimin Tan ~ Infants / PDA diagnosis  Echocardiography CHDNet Expert-level PDA
(2023)% children images diagnosis on internal
datasets
Ana Maria Preterm PDA diagnosis  Clinical data Random Forest (RF)  Al-based risk
Cristina Jura  neonates and XGBoost prediction may support
(2025) ¥ early identification of
high-risk neonates for
PDA
PDA classification
Jae YoonNa  Preterm predict Clinical data RF, Light Gradient Predicting symptomatic
(2021) # neonates symptomatic PDA Boosting Machine PDA occurrence and
(L-GBM), Multilayer =~ whether sPDA would
Perceptron (MLP), be treated
Support Vector
Machine (SVM),
k-Nearest Neighbors
(k-NN)
Felipe Yu Preterm hsPDA Clinical data Unsupervised learning Identify two distinct
Matsushita neonates Subphenotyping hsPDA subphenotypes:
(2023) “Inflamed” vs
“Respiratory acidosis”
Phillip Chang  Preterm Severe PDA Chest X-ray XGBoost, ConvNeXt- Al models achieve
(2024) 3 neonates diagnosis images, clinical ~ based CNN, Grad- high specificity to
data CAM++ indentify explainable
SHAP radiographic markers

of severe PDA

AL artificial intelligence, CNN: Convolutional Neural Network, hsPDA: hemodynamically significant PDA, PDA: patent
ductus arteriosusi RF: Random Forest, VSD: ventricular septal defect, XGBoost:Extreme Gradient Boosting.
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Table I. Continued.
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First author =~ Target . leign.ostlc Prlmar.y input AT technique / model Key diagnostic

(Year) population objective modality outcome

PDA classification

Seoyeon Park  Preterm Severe PDA Clinical data RF Detect PDA symptoms

(2024) 30 neonates diagnosis earlier than routine
clinical recognition
Improve diagnostic
accuracy of medical
professionals

Erik Kiing Extremely  hemodynamically Clinical data Linear perceptron, Early identification of

(2025) * preterm significant (hs) Multilayer perceptron, neonates at high risk

neonates PDA prediction Logistic regression for hsPDA
Oguzhan Ay  Preterm hsPDA prediction Clinical data RF Acurately predicts
(2025) 32 neonates hPDA risk using non-

imaging data

AL artificial intelligence, CNN: Convolutional Neural Network, hsPDA: hemodynamically significant PDA, PDA: patent
ductus arteriosusi RF: Random Forest, VSD: ventricular septal defect, XGBoost:Extreme Gradient Boosting.

Applications of Al in PDA outcome prediction
and clinical decision support

Four studies investigated the application of
Al to support PDA management, focusing
on pharmacologic treatment optimization
and outcome prediction. Overall, AI models
demonstrated meaningful clinical utility in
guiding therapy and anticipating treatment
response or complications.

One early study showed that regression-
based Al models using clinical and laboratory
data could accurately predict continuous
serum digoxin concentrations in neonates,
supporting individualized dosing in PDA-
related pharmacotherapy.® Subsequent
studies shifted toward predicting treatment
response in hemodynamically significant PDA.
Machine learning models, particularly random
forest, integrating clinical, laboratory, and
echocardiographic parameters achieved good
predictive performance for closure after firstline
NSAID therapy, enabling early identification of
likely responders and non-responders.*

Deep learning approaches further extended
this capability. A convolutional neural network
(CNN) model combining echocardiographic
video sequences with clinical data successfully

730

predicted  pharmacologic =~ PDA  closure
outcomes in preterm neonates, highlighting
the added value of dynamic imaging features
for treatment planning.?' In older infants and
children, ensemble machine learning models
applied to clinical data identified patients at
risk of post-intervention thrombocytopenia,
providing actionable information for peri-
intervention monitoring and risk stratification
(Table II).>”

Main Al algorithins employed in PDA research
and model accuracy

AbroadspectrumofAlalgorithmswasemployed
across studies, reflecting heterogeneity in
data modalities and clinical objectives. Tree-
based machine-learning methods, including
random forest and gradient-boosting models,
were most frequently applied to structured
clinical and laboratory data. Convolutional
neural networks were predominantly used for
echocardiographic image or video analysis and
consistently demonstrated strong diagnostic
performance. Artificial neural networks or
multilayer perceptrons were mainly utilized
for outcome prediction using tabular datasets,
whereas linear models and recurrent or hybrid
architectures were less commonly applied,
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Table II. Al applications in PDA outcome prediction clinical decision support.

First author Target Management Primary input Al technique/ D
. - . Key significance
(Year) population objective modality model
Shu-Hui Yao Neonates  Prediction of Clinical data/ Regression Al-assisted
(2019)*» continuous serum  laboratory dosing support
digoxin concentrationmeasurements in PDA-related
pharmacotherapy
Tai-Xiang Liu ~ Preterm Prediction of hsPDA Clinical data, RF Good predictive
(2023)% neonates  closure after first-line laboratory data, ability for NSAID
NSAID therapy echocardiographic treatment response
measurements in hsPDA
Puneet Sharma Preterm Prediction Echocardiogram CNN Predicting
(2025)* neonates  pharmacologic PDA video sequence and response to PDA
closure outcomes clinical data pharmacotherapy
Song-Yue Zhang Infants / Outcome prediction/ Clinical data RF, XG, Identified children
(2025) ¥ children = Treatment planning Adaptive at risk of post-
Boosting intervention
(ADA), Logistic thrombocytopenia
Regression

Al artificial intelligence, CNN: Convolutional Neural Network, hsPDA: hemodynamically significant PDA, NSAID: non-
steroid anti-inflammatory drugs, PDA: patent ductus arteriosus, RF: Random Forest, XG: Extreme Gradient.

particularly for sequential data, and generally
achieved moderate performance. One study
adopted unsupervised clustering to identify
PDA  subphenotypes; although standard
accuracy metrics were not applicable, clinically
meaningful subgroup differentiation was
reported.

Across studies, model performance showed
consistent trends related to input data modality
and task complexity. Imaging-based models
trained on echocardiographic images or
video sequences, largely using convolutional
neural networks, tended to achieve higher
discriminative  performance than models
relying solely on clinical or laboratory variables,
frequently  reporting area-under-the-curve
values above 0.80 for PDA detection and
classification of hemodynamically significant
PDA. In contrast, models based on tabular
clinical and laboratory data, most often
implemented using tree-based algorithms,
demonstrated moderate to high performance,
with area under the curve (AUC) values
typically ranging from approximately 0.75 to
0.85. Although performance was generally
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lower than that of imaging-based approaches,
these models offered greater feasibility and
scalability, particularly in resource-limited
settings. Variability in reported accuracy across
studies was partly attributable to differences
in outcome definitions, feature selection, and
validation strategies, underscoring that model
performance was influenced more by data
quality and modality than by algorithmic
complexity alone.

Detailed characteristics of the included studies
are provided in Supplementary Table S1.

Quality of included studies

Overall, the methodological quality of
the included studies was moderate, with
substantial variation across reporting and
validation domains. A clear description of the Al
methodology was provided in 94.4% of studies,
and model interpretability or explanatory
elements were reported in a similarly high
proportion (94.4%). Most studies also reported
appropriate data splitting strategies for model
development and evaluation (88.9%) and
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included standard performance measures such
as accuracy or area under the curve (88.9%).

In contrast, transparency and reproducibility
were more limited. Only 11.1% of studies
made data or code publicly available,
restricting independent validation. Reporting
of hyperparameter tuning procedures was
inconsistent and documented in just 33.3% of
studies, raising concerns regarding optimization
transparency. Notably, none of the included
studies adhered to a recognized best-practice
reporting framework for Al research.

The quality assessment of the included studies
is presented in Supplementary Table S2.

Discussion

Improved diagnosis and early detection

Artificial intelligence is based on data-driven
computational models that learn complex
patterns directly from data rather thanrelying on
predefined rules.*® Unlike traditional statistical
methods, Al algorithms can process high-
dimensional, nonlinear, and multimodal inputs
simultaneously, making them particularly well
suited to neonatal physiology, where clinical
signals are dynamic, interdependent, and often
subtle.* This capacity for representation
learning allows Al-based systems to identify
latent physiological signatures that are not
readily apparent through standard threshold-
based clinical assessment.***

In the context of PDA, AI contributes by
integrating  heterogeneous data  sources
including demographic variables, continuous
vital signs, ventilatory parameters, imaging
data, and biosignals into unified predictive
frameworks. Machine learning models capture
complex interactions among these variables,
enablingearlierrecognition ofhemodynamically
significant ductal patency before overt
clinical instability occurs. Deep learning
architectures further enhance this capability by
automatically extracting hierarchical features
from echocardiographic images, Doppler
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waveforms, and heart sounds, thereby reducing
reliance on operator-defined measurements
and subjective interpretation.?**** Moreover,
deep learning (DL)-based analysis of neonatal
echocardiograms enables near real time
detection and can be deployed on low-resource
devices, supporting clinical application in
settings with limited access to specialist
expertise.?

Comparative evaluations indicate that Al-
based systems are most effective when used
as clinical decision-support tools rather than
substitutes for clinician judgment. Studies by
Ay et al. and Kiing et al. showed that Al-based
interpretation achieves diagnostic performance
comparable to expert assessment, facilitating
early identification of neonates at high risk
for hemodynamically significant PDA.** This
early risk stratification can inform surveillance
intensity, enable individualized treatment
decisions, reduce overtreatment, and optimize
resource utilization. Such consistency and
accessibility are particularly valuable in
neonatal intensive care units with limited access
to experienced neonatologists or pediatric
cardiologists.

Personalization of treatment decisions

Artificial intelligence facilitates personalized
management of PDA by addressing the
challenge of identifying ductus arteriosi
that require treatment and selecting
optimal therapeutic strategies. Sharma et al.
demonstrated high discriminative performance
in predicting response to pharmacologic
closure, with the potential to reduce delays
in definitive treatment, enable earlier referral
for procedural intervention, and support
individualized care in neonatal intensive
care units.?® Accurate prediction of treatment
response is clinically valuable, as early
identification of likely non-responders may
prevent ineffective drug exposure and related
adverse effects, while recognition of likely
responders can reduce unnecessary escalation
to invasive intervention.*
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https://turkjpediatr.org/article/view/8122#supplementary-materials

Turk | Pediatr 2026; 68(5): 725-740

In addition, Yao et al. reported that artificial
neural network models  outperformed
traditional regression methods in predicting
digoxin levels in neonates with patent ductus
arteriosus, highlighting the feasibility of Al-
assisted dosing support, particularly in settings
where blood sampling is limited.* These
predictive tools may also reduce variability in
clinical practice by providing individualized,
evidence-based risk estimates that complement
clinician judgment and inform the timing
and intensity of intervention.”* However,
these models function as clinical decision-
support systems rather than autonomous
decision-makers and must be interpreted
within the broader clinical context, including
hemodynamic status, comorbidities, and family
preferences**

Enhancement of technical interventions

In contrast to the growing body of work on
diagnostic and prognostic applications, Al-
related innovations targeting technical and
interventional aspects of PDA management
remain at an early developmental stage. In
this context, Zhang et al. demonstrated that
an RF model could successfully identify
children at increased risk of post-intervention
thrombocytopenia following PDA closure.?”
This approach highlights the potential role of
Al in supporting procedural risk stratification,
enhancing clinical trust, and facilitating
anticipatory management and early intervention
planning in interventional settings.

Building on recent progress in Al algorithms
and interventional support systems, advanced
image processing and three-dimensional
reconstruction approaches are being developed
toimprove procedural guidance. These methods
allow detailed depiction of cardiac anatomy,
supporting thorough pre-procedural evaluation
and informed selection of closure devices and
interventional strategies.*** Computational
modeling and simulation further enable
patient-specific assessment of flow dynamics
and device-tissue interactions, encouraging
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multidisciplinary collaboration and shared
decision-making while reducing dependence
on individual operator experience.”**® Over
time, incorporation of these technologies may
expand access to transcatheter PDA closure by
shortening the learning curve in centers with
limited expertise.

The clinical role of artificial intelligence in
PDA management

Althoughartificialintelligencehas demonstrated
strong performance in the detection of PDA and
in outcome prediction, its clinical utility must be
interpreted within the evolving framework of
PDA management. In current neonatal practice,
there is a growing preference for conservative
management, particularly in preterm infants,
driven by the high likelihood of spontaneous
ductal closure and the absence of consistent
long-term benefits from pharmacological or
interventional = therapies.®®  Furthermore,
the presence of PDA alone, including cases
classified as hemodynamically significant,
does not inherently justify treatment. Clinical
decision-making is multifactorial and requires
careful consideration of hemodynamic impact,
associated comorbidities, timing of intervention,
and interindividual variability in treatment
response.®

A fundamental implication of this paradigm
shift is that diagnostic accuracy alone does
not directly translate into improved clinical
outcomes. The central challenge in PDA
management is not simply identifying
the presence of a ductus, but determining
which patients require intervention, when
treatment should be initiated, and which
patients are most likely to respond to therapy.
In this context, traditional definitions of
hemodynamically significant PDA based
primarily on echocardiographic parameters are
increasingly recognized as insufficient when
used in isolation. Hemodynamic significance
is dynamic and cannot be fully captured by
anatomical and flow-based measurements
alone.>*%
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Within this framework, the clinical value
of artificial intelligence lies not primarily in
improving PDA detection, but in its ability
to integrate multidimensional data and
support individualized decision-making. Al-
based systems should therefore be viewed as
adjunctive tools that enhance risk stratification
and clinical judgment rather than autonomous
decision-makers.

Alignment between current Al research and
clinical needs

Against this background, the current landscape
of artificial intelligence research in PDA reveals
a notable mismatch between technological
development and clinical priorities. As
demonstrated in this review, most studies
have focused on diagnostic classification or
identification of hemodynamically significant
PDA. While these models often achieve high
performance, their direct clinical impact
remains limited if they do not address treatment
decision-making.

In line with this observation, only a minority
of studies have explored clinically relevant
applications such as prediction of pharmacologic
response 2%, risk stratification for adverse
outcomes °, or individualized treatment
planning ¥. These areas are more closely
aligned with real-world clinical uncertainty,
where the primary question is not whether PDA
exists, but whether intervention will improve
patient outcomes. This gap between current
research focus and clinical needs highlights the
importance of shifting future Al development
toward clinically meaningful endpoints. Models
that incorporate longitudinal physiological
data, treatment exposure, and patient-specific
characteristics may provide more actionable
insights and better support bedside decision-
making in neonatal intensive care settings.

Beyond methodological focus, the
overwhelming majority of studies focused on
preterm neonates, reflecting the population in
which PDA carries the greatest clinical burden.
However, this narrow focus limits insights into
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the potential role of Al in older pediatric and
adult populations, where disease characteristics
and management strategies differ. Similarly,
although the included studies spanned multiple
countries, representation from low- and
middle-income regions was limited. This lack
of geographic diversity is clinically relevant, as
Al-based diagnostic tools may offer substantial
benefits in resource-constrained settings where
access to echocardiography and specialist
expertise is limited. Non-imaging approaches,
such as heart sound analysis * or clinical data-
driven models ¥, are particularly promising in
such environments, and prospective evaluation
across diverse healthcare systems is therefore
warranted.

In addition to these gaps, the current evidence
base is constrained by study design limitations.
Most studies were retrospective and focused on
model development with internal validation,
with few addressing real-time clinical
implementation. As a result, the impact of
Al-guided strategies on clinically meaningful
outcomes remains uncertain. Randomized
or pragmatic studies comparing Al-assisted
management with standard care are needed
to determine whether these tools can improve
outcomes such as survival, bronchopulmonary
dysplasia, or duration of respiratory support.

Furthermore, PDA physiology is inherently
dynamic %, yet most existing models rely
on static snapshots of clinical, laboratory, or
imaging data. In practice, the hemodynamic
significance of PDA evolves over time in
response to changing physiological conditions
and  therapeutic  interventions.  Future
Al systems should therefore incorporate
longitudinal data and time series modeling to
provide continuously updated risk assessments
and better capture disease trajectories.

Taken together, these limitations and gaps
emphasize the need to reorient artificial
intelligence  research  toward  clinically
meaningful applications. Future studies should
prioritize decision support tools that integrate
multidimensional and dynamic data to guide
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treatment  selection, predict therapeutic
response, and align with the current shift toward
individualized and conservative management
strategies.

Ethical and practical considerations

The integration of artificial intelligence into
PDA management raises important ethical and
practical considerations. Algorithmic bias may
arise if training datasets are not representative
of diverse populations or healthcare settings,
potentially limiting model performance in
underrepresented groups. Clear guidance will
be required to define clinician responsibility
when Al recommendations are incorporated
into care decisions.” Although Al tools function
as supportive aids rather than decision-makers,
accountability ultimately remains with the
clinician.

Regulatory oversight will play a crucial role
in ensuring the safety and efficacy of Al-based
clinical tools. For high-stakes applications such
as PDA diagnosis and treatment planning,
rigorous validation and adherence to emerging
regulatory frameworks will be necessary before
routine clinical implementation.

Future directions

Future applications of artificial intelligence
in PDA care are expected to move beyond
isolated diagnostic tasks toward integrated,
clinically meaningful decision support systems.
In particular, multimodal AI platforms
that combine  physiologic = monitoring,
echocardiographic analysis, and treatment
response prediction may enable a more
comprehensive and individualized assessment
of PDA at the bedside. Such systems have the
potential to support earlier, more consistent,
and context-aware clinical decision-making in
neonatal intensive care settings.™

Real-time data integration represents another
important direction. Al algorithms capable
of continuously analyzing longitudinal
physiological signals, including vital signs

The Turkish Journal of Pediatrics = 2026

Artificial Intelligence in Patent Ductus Arteriosus

and respiratory parameters, may detect early
hemodynamic changes associated with evolving
PDA significance. This dynamic approach
aligns more closely with the fluctuating nature
of neonatal physiology and may allow earlier
identification of clinically relevant deterioration,
thereby facilitating timely intervention.>*

Beyond short-term management, Al may also
contribute to predicting longer-term outcomes
associated withPDA and its treatment, including
chronic lung disease and neurodevelopmental
impairment. Such predictive models could
help refine treatment thresholds by balancing
immediate therapeutic benefits against potential
long term risks, thereby supporting more
individualized and evidence-informed care
strategies.® In addition, Al-assisted procedural
planning and intraprocedural guidance are
emerging areas of interest, particularly in
transcatheter PDA closure, where anatomical
variability and procedural complexity remain
significant challenges.®

Importantly, the future application of Al-
assisted evaluation of patient data must also
be considered in the context of data quality
and clinical expertise.* The performance,
reliability, and generalizability of Al models
are fundamentally dependent on the quality,
completeness, and representativeness of
the underlying data used for training and
validation. Inaccurate, biased, or heterogeneous
datasets may lead to unreliable predictions and
limit clinical applicability, particularly across
different healthcare settings.**

In this context, specialist expertise remains
essential for the appropriate interpretation of
Al-generated outputs. Al systems are designed
to support, rather than replace, clinical
decision-making, and their outputs must
be integrated with expert clinical judgment,
particularly in complex conditions such as
PDA where management decisions are highly
individualized.®** The effective implementation
of Al in clinical practice therefore requires not
only robust data infrastructure but also close
collaboration between data scientists and
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experienced clinicians to ensure safe, accurate,
and clinically meaningful application.

Perspective for low- and middle-income
countries

The potential clinical value of artificial
intelligence in the management of patent ductus
arteriosus is likely to be particularly significant
in low- and middle-income countries, where
access to advanced imaging technologies,
continuous

physiological monitoring, and

specialized pediatric cardiology expertise
remains limited.®”*® In these settings, delayed
diagnosis and substantial variability in clinical
decision-making frequently contribute to
Artificial

based approaches, especially those utilizing

poorer  outcomes. intelligence—
non-imaging data such as clinical variables,

heart sound analysis 2, or simplified

echocardiographic  inputs %, represent
scalable and cost-effective solutions to address
these challenges. Machine learning models
capable of integrating heterogeneous data
sources may facilitate earlier identification
of hemodynamically significant PDA and
enable more consistent risk stratification, even
in  resource-constrained  environments.*?*
Furthermore, deep learning—driven automation
of image interpretation has the potential to
reduce dependence on highly trained specialists,
thereby enhancing diagnostic consistency across
healthcare facilities.»* These characteristics
are particularly well aligned with healthcare
delivery models in low-resource settings, where
tertiary centers are frequently overcrowded and
the distribution of expertise is uneven. In this
regard, Al has the potential to decentralize care,
support task shifting, and optimize the use of
limited clinical resources.”” Therefore, beyond
its diagnostic and predictive capabilities,
Al represents a feasible and transformative
strategy to strengthen healthcare systems,
improve equity in access to care, and ultimately

enhance clinical outcomes in these regions.
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Study limitations

This scoping review has several limitations
that should be considered when interpreting
the findings. As discussed above, the current
body of evidence is limited by heterogeneity
in study design, patient populations, and
methodological approaches, reflecting the early
stage of artificial intelligence research in patent
ductus arteriosus.

In addition, most included studies were
retrospective and primarily focused on model
development with internal validation, with
relatively few addressing external validation or
prospective clinical implementation. This limits
the ability to assess the real-world applicability
and generalizability of the reported models.

Furthermore, issues related to transparency
and reproducibility remain, as only a minority
of studies provided access to underlying data
or code, and reporting of model development
and optimization was often incomplete. These
limitations may hinder independent validation
and broader clinical adoption.

Finally, as a scoping review, no formal risk-of-
bias assessment or quantitative meta-analysis
was performed. The findings should therefore
be interpreted as a qualitative synthesis of
the current literature. Overall, while artificial
intelligence shows promise, its impact on
clinically meaningful outcomes has not yet
been established and requires further validation
through  well-designed  prospective  and
outcome-oriented studies.

Conclusion

In conclusion, Al has the capacity to transform
how we approach PDA - turning what has
historically been a contentious and variable
practice into a more data-driven, consistent,
and optimized process. By leveraging Al for
earlier detection, smarter decision-making,
and meticulous intervention planning, we
can improve the care of infants and patients
with PDA, reducing morbidity and tailoring
treatments to individual needs. As technology
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and medicine continue to intersect, the
management of PDA can serve as a model for
integrating artificial intelligence into the care
of complex medical conditions, ultimately
enhancing outcomes and saving lives.
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