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Advancing Women’s Health Through 
AI-Enhanced Ultrasound Technology
Jonathan D. Agnew, PhD, MBA, Adjunct Professor, Faculty of Medicine,  
University of British Columbia

Artificial intelligence is revolutionizing ultrasound imaging technology, 
particularly in women’s health applications, where traditional systems have 
faced limitations in image quality and interpretation consistency. AI-powered 
platforms incorporate sophisticated deep learning algorithms that automatically 
optimize image acquisition parameters, reduce operator dependency, and 
enhance diagnostic accuracy. These advancements, exemplified by systems 
like the Samsung Z20, are transforming healthcare delivery through improved 
accessibility, workflow efficiency, and resource utilization, while demonstrating 
promising cost-effectiveness in clinical settings.

IMPROVING THE ACCURACY AND EFFICIENCY OF WOMEN’S HEALTH ULTRASOUND AND THE ROLE OF ARTIFICIAL INTELLIGENCE TECHNOLOGY

The Evolution of Ultrasound Imaging
The field of medical imaging has witnessed 
remarkable transformations since the 
introduction of ultrasound technology in the 
1950s. Today, artificial intelligence (AI) is 
revolutionizing this essential diagnostic tool, 
particularly in women’s health applications, 
where precise imaging and interpretation are 
crucial for optimal patient care.

Traditional Ultrasound  
Limitations and Challenges
Conventional ultrasound technology, while 
groundbreaking in its time, has faced several 
significant limitations that impact diagnostic 
accuracy and workflow efficiency. Image quality 
has historically been operator-dependent, with 
variation in interpretation between different 
clinicians.1 Traditional systems often struggle 
with image artifacts, poor tissue contrast in 
challenging patients, and limited ability to 
detect subtle anatomical variations. Additionally, 
the manual adjustment of numerous imaging 
parameters requires substantial expertise and 
time, potentially leading to operator fatigue and 
reduced diagnostic accuracy over long scanning 
sessions.2

AI-powered Platforms
The integration of AI into ultrasound systems 
represents a paradigm shift in diagnostic 
imaging. Modern AI-powered platforms 
incorporate machine learning algorithms that 
can automatically optimize image acquisition 
parameters, reduce noise, and enhance tissue 
differentiation. These systems utilize vast 
databases of previously analyzed images to 
improve real-time image processing and assist 
in pattern recognition.3 Research indicates that 
AI-enhanced systems can reduce scanning time 

by up to 30% while maintaining or improving 
diagnostic accuracy.4

Case Study: Samsung’s Z20  
Capabilities and Features
The Z20 platform exemplifies the latest advances 
in AI-enhanced ultrasound technology. This 
system integrates several cutting-edge features 
that address historical limitations of traditional 
ultrasound imaging. The platform’s Crystal 
Architecture™ provides enhanced image clarity 
through advanced beamforming technology and 
improved signal processing. Its AI-powered 
image optimization automatically adjusts 
over 2000 imaging parameters in real-time, 
significantly reducing operator dependency and 
improving consistency across examinations.5

 
Enhanced Imaging Capabilities
The integration of AI into ultrasound systems 
has dramatically enhanced imaging capabilities, 
enabling unprecedented levels of detail and 
diagnostic accuracy. These advancements 
are particularly significant in women’s health 
applications, where subtle anatomical 
distinctions can have crucial clinical implications.
Deep Learning Algorithms in Image Processing
Deep learning algorithms have revolutionized 
ultrasound image processing, offering significant 
improvements in image quality and clinical 
workflow. Convolutional neural networks (CNNs) 
have been particularly effective in enhancing 
ultrasound imaging.6,7 These networks can 
perform tasks such as noise reduction, artifact 
elimination, and feature detection, leading to 
improved signal-to-noise ratios and spatial 
resolution.8,9 CNNs have demonstrated superior 
performance in speckle reduction compared 
to traditional methods while preserving 
anatomical details.9-11 Furthermore, deep 

Research indicates that 
AI-enhanced systems 
can reduce scanning 

time by up to 30% while 
maintaining or improving 

diagnostic accuracy

Foreword

Healthcare providers face mounting 
challenges in women’s health, from rising 

rates of chronic conditions to increasingly complex 
pregnancies requiring sophisticated diagnostic 
and therapeutic approaches. The integration 
of artificial intelligence into medical imaging, 
particularly ultrasound technology, represents 
a transformative advancement that promises 
to address these challenges while improving 
diagnostic accuracy and patient outcomes. For 
both healthcare systems managing resource 
constraints and practitioners seeking to optimize 
clinical workflows, implementing innovative 
approaches to enhance diagnostic capabilities 
and streamline care delivery has become an 
increasingly pressing priority.

Through a series of evidence-based articles 
and expert perspectives, this report explores the 
revolutionary impact of AI-enhanced ultrasound 
technology in women’s healthcare. The collection 
begins with an examination of how artificial 
intelligence is transforming ultrasound imaging, 
particularly in improving image quality, reducing 
operator dependency, and enhancing diagnostic 
accuracy. This is followed by an insightful interview 
with Dr. Alan Fishman on modernizing ultrasound 
reporting through AI integration. The third article 
delves into quality and precision in gynecological 
ultrasound imaging, highlighting how modern 
systems incorporating AI and adaptive technologies 
have significantly improved detection rates while 
reducing the need for repeat examinations. Dr. Elena 
Sinkovskaya then provides a comprehensive analysis 

of AI innovations in fetal neurosonography, focusing 
on advanced volume techniques for improved 
maternal and fetal outcomes. This is followed by 
Dr. Ilan Timor’s expert insights into the evolution of 
gynecologic ultrasound and AI integration. The sixth 
article, authored by Dr. Martin Chavez and Dr. Julia 
Kim, examines the progression of AI applications 
in fetal heart assessment, demonstrating how 
automation is transforming fetal cardiac diagnostics. 
The seventh article explores modern solutions for 
complex obstetric care, examining how patient-
centered approaches supported by AI and rapid 
diagnostics are transforming care delivery in high-
risk pregnancies. The final article provides a forward-
looking perspective on emerging technologies and 
their implications for future practice.

Together, these articles and expert perspectives 
demonstrate how technological innovation is 
reshaping women’s healthcare delivery. From 
enhanced imaging capabilities and workflow 
optimization to improved accessibility and cost-
effectiveness, AI-powered ultrasound platforms are 
addressing longstanding challenges in healthcare 
delivery while expanding access to high-quality 
diagnostic services. As these technologies continue 
to evolve – exemplified by systems incorporating 
sophisticated deep learning algorithms – we will 
likely witness further improvements in diagnostic 
accuracy, clinical workflow efficiency, and ultimately, 
patient outcomes.

Dr. Jonathan D. Agnew
Editor

Jonathan D. Agnew PhD, MBA, is a medical writer and Adjunct Professor in the Faculty of 
Medicine at the University of British Columbia.  He holds a PhD in health services research 
from the University of California, Berkeley, an MBA with distinction from the University of 
London, and an AB (hons.) in community health from Brown University.



IMPROVING THE ACCURACY AND EFFICIENCY OF WOMEN’S HEALTH ULTRASOUND AND THE ROLE OF ARTIFICIAL INTELLIGENCE TECHNOLOGYIMPROVING THE ACCURACY AND EFFICIENCY OF WOMEN’S HEALTH ULTRASOUND AND THE ROLE OF ARTIFICIAL INTELLIGENCE TECHNOLOGY

54

Recent advances 
in high-resolution 

ultrasound imaging 
have significantly 
improved spatial 

resolution and tissue 
penetration. Crystal 

matrix transducers and 
adaptive beamforming 

techniques have enabled 
visualization of structures 

as small as 0.3mm

learning approaches have shown promise in 
super-resolution ultrasound imaging, potentially 
enabling real-time visualization of microvascular 
networks.12 These advancements in AI-powered 
ultrasound imaging are poised to enhance 
diagnostic accuracy, optimize clinical workflows, 
and ultimately improve patient care.6,8

High-Resolution Imaging Technologies
Recent advances in high-resolution ultrasound 
imaging have significantly improved spatial 
resolution and tissue penetration. Crystal 
matrix transducers and adaptive beamforming 
techniques have enabled visualization of 
structures as small as 0.3mm.13,14 Innovations 
in transducer materials, digital signal processing, 
and beamforming algorithms have enhanced 
image quality and dynamic range.15,16 High-
frequency (30-40 MHz) miniaturized micro-
arrays and specialized beamformers have been 
developed for minimally invasive surgeries and 
ophthalmologic applications.14,17 Advanced 
techniques like harmonic motion imaging 
and adaptive beamforming by deep learning 
have further improved lateral resolution and 
tissue characterization capabilities.18,19 These 
developments have expanded the potential 
applications of ultrasound imaging, including 
atherosclerotic plaque analysis, tumor margin 
detection, and three-dimensional cellular 
imaging.18,20

Advanced 3D/4D Workflow Innovations
Recent advancements in AI have significantly 

improved 3D/4D ultrasound imaging workflows, 
enhancing clinical practicality and accessibility. 
AI-driven innovations include automated 
volume acquisition, optimization, and smart 
volume algorithms that reduce operator 
dependence while ensuring consistent, high-
quality datasets.21,22 These technologies enable 
real-time 4D imaging with enhanced rendering, 
facilitating more accurate diagnoses and 
improved patient communication.23 AI-powered 
ultrasound systems can provide instantaneous 
image quality control, aid in acquiring optimal 
images, and improve clinical workflow.6 
Studies have shown that AI implementations 
can reduce scanning time while improving 
diagnostic confidence.24 Furthermore, AI 
applications in radiology extend beyond image 
analysis to workflow optimization, quality 
and safety improvements, and operational 
efficiency enhancements.25,26 These innovations 
are transforming medical imaging practices, 
although challenges in standardization and data 
sharing persist.27

Accessibility and  
Workflow Optimization
The implementation of AI-enhanced ultrasound 
technology extends beyond improved image 
quality to address critical aspects of healthcare 
delivery, including accessibility, workflow 
efficiency, and resource utilization. These 
advancements are particularly significant in 
addressing healthcare disparities and optimizing 
clinical operations.

Studies demonstrate 
AI’s economic impact in 
healthcare, particularly 

in ultrasound and 
echocardiography.  

AI-enhanced ultrasound 
shows cost recovery 
within 18-24 months 

through improved 
efficiency, with  

AI-driven scheduling 
improving utilization  

by 25-30%

Remote Access  
Capabilities and Implications
Remote access ultrasound technologies 
improve healthcare delivery to rural and 
underserved areas through telerobotic systems 
that enable remote examinations.28,29 Studies 
confirm teleultrasound’s effectiveness in remote 
communities and prehospital care.30,31 Drone 
delivery and satellite/cellular systems have 
expanded this reach,32,33 showing particular 
promise in obstetric care for low-resource 
settings.34 Tele-guidance systems also allow 
untrained clinicians to perform scans under 
remote expert supervision in military healthcare 
settings.35

Streamlined Workflow Integration
Modern AI-enhanced ultrasound platforms 
incorporate workflow optimization features that 
integrate into clinical processes, automating 
protocol selection and integrating with 
electronic health records.36,37 AI algorithms 
improve radiology workflow, from order entry 
to image interpretation,38 while computerized 
management systems reduce waiting times and 
staff stress.39 Standards-based interoperability 
facilitates AI integration across systems.40 

Implementation has increased point-of-care 
ultrasound utilization, improved documentation 
compliance, and shown potential revenue 
growth.41-43

Impact on Healthcare Delivery Efficiency
AI is transforming healthcare by enhancing 
efficiency and improving patient outcomes, 
demonstrating high accuracy in medical image 
analysis.44,45 Implementation in radiology 
shows improved workflow efficiency and 
diagnostic accuracy,46,47 with studies reporting 
71% reduced wait times and 6% increased 
equipment utilization.48 Applications extend 
to drug discovery and remote monitoring,49 

while supporting hospital administration.50 

Despite its promise, challenges in data quality, 
interpretability, and ethics need addressing.44,51

Cost-effectiveness  
and Resource Utilization
Studies demonstrate AI’s economic impact 
in healthcare, particularly in ultrasound and 
echocardiography. AI-enhanced ultrasound 
shows cost recovery within 18-24 months 
through improved efficiency,52 with AI-driven 
scheduling improving utilization by 25-30%.6 
Healthcare AI implementation could save $200-
360 billion in the US.53 In echocardiography, 
AI standardizes practice and enhances 
workflow,54 while AI-assisted training improves 
novices’ skills.55 However, more comprehensive 
economic analyses are needed.51,56

Conclusion
The integration of AI into ultrasound technology 
represents a transformative advancement 
in women’s healthcare, offering substantial 
improvements in image quality, diagnostic 
accuracy, and clinical workflow efficiency. As 
demonstrated through enhanced imaging 
capabilities, workflow optimization, and 
promising cost-effectiveness data, AI-
powered ultrasound platforms are addressing 
longstanding challenges in healthcare delivery 
while expanding access to high-quality 
diagnostic services. While challenges remain 
in standardization and data management, 
the continued evolution of this technology – 
exemplified by systems like the Samsung Z20 
– suggests a future where advanced ultrasound 
imaging becomes increasingly accessible, 
accurate, and integral to patient care. This 
technological progression, supported by 
growing evidence of its clinical and economic 
benefits, positions AI-enhanced ultrasound 
as a cornerstone of modern medical imaging, 
particularly in women’s health applications 
where precise diagnostics are crucial for optimal 
patient outcomes.

AI success driven by next-generation architecture
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The old system 
required physicians 

to hop from server to 
server to read images 
remotely. It was very 
hardware-dependent 

and resource-intensive, 
becoming cost-

prohibitive from a 
support perspective

What prompted your organization 
to change its ultrasound reporting 
solution?
We were dealing with a transition in technology 
and architecture for our PACS system. We 
wanted something that was truly cloud-
architected and could provide better stability 
and performance levels that our users needed. 
Our previous solution was server-based and  
was holding us back from achieving our 
performance goals. We needed an enterprise 
solution that would allow our physicians to 
easily access and see studies as they come 
in, particularly for providing telehealth services  
and remote ultrasound reads.

The old system required physicians to hop 
from server to server to read images remotely. 
It was very hardware-dependent and resource-
intensive, becoming cost-prohibitive from a 
support perspective. Additionally, we wanted 
a system architected on a single database, 
rather than individual servers that had to be 

brought together, which was a nightmare for 
data aggregation.

What specific performance issues 
were you experiencing with the 
previous system?
The main issues were related to accessibility, 
uptime, system crashes, freezing, and general 
stability problems. We also faced challenges 
with image file sizes, which have a large footprint 
and can cause latency or lag when moving 
across networks or platforms. We needed 
something that could work in more real-time 
for our physicians.

How has the transition to Sonio 
addressed these challenges?
The stability and performance of Sonio has 
been excellent, without the system crashes and 
freezes we experienced previously. We’re in a 
dynamic process of transitioning, with ongoing 
work by the Sonio team to develop functionality 

Expert Interview: Modernizing 
Ultrasound Reporting with AI
Alan Fishman, MD
Medical Director, MFM Telehealth Program, Pediatrix Medical Group

Dr. Alan Fishman is a maternal-fetal medicine specialist who has held leadership 
positions within a large national medical group practice. As a specialty medical 
officer (equivalent to chief medical officer) for maternal-fetal medicine, he 
has extensive experience with clinical systems implementation. Since the 
early 2000s, Dr. Fishman has been deeply involved in electronic health record 
transitions, vendor selection, template customization, and the optimization of 
clinical documentation systems, including PACS systems specific to maternal-
fetal medicine.

Sonio: efficiency and quality control 
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Looking to the future, as the system improves,  
we anticipate it will be able to flag potential 
abnormalities and assist less experienced 

sonographers, particularly in areas with limited  
access to maternal-fetal medicine specialists

We’re also dealing with 
change management,  
which is particularly 

challenging with 
physicians.  

Some are interested in 
using new features and 

functionality, while others 
just want the system to 
work like their previous 

one – they want it to  
be fast and always 

available, but don’t want 
anything different

The system can now 
identify 25 views and 

60 fetal structures, with 
specific quality criteria 

for recognition

specific to maternal-fetal medicine workflow 
requirements. While the initial version didn’t have 
all the capabilities users were accustomed to 
from the legacy product, there’s been a rapid 
development cycle to add core functionality and 
enhanced features.

We’re also dealing with change management, 
which is particularly challenging with physicians. 
Some are interested in using new features and 
functionality, while others just want the system 
to work like their previous one – they want it to 
be fast and always available, but don’t want 
anything different. The versatility of the product 
has allowed us to provide the functionality they 
need now while incorporating AI enhancements 

and image recognition that should provide value 
to everyone from day one.

Where do you anticipate seeing  
the greatest time savings for  
providers and sonographers?
There are two main areas where we expect to 
see significant time savings. First, sonographers 
can have an exam protocol in front of their 
eyes that guides them on which images they 
need to take as they scan. The system can 
take annotations from the ultrasound machine, 
translate them into the corresponding structures, 
and completes a visual checklist. This helps 
prevent situations where they have to leave the 

room, work on a computer, and realize they’re 
missing images.

Second, we’re looking forward to implementing 
dynamic protocols. When a patient returns after 
a first exam where certain anatomy wasn’t 
optimally viewed, the system will automatically 
recognize what wasn’t seen previously and add 
those items to today’s protocol. This could save 
sonographers about five minutes of pre-exam 
work and prevent them from missing items that 
weren’t captured in the previous exam.
 
How has the system improved quality 
and accuracy in ultrasound reporting?
The system can now identify 25 views and 60 
fetal structures, with specific quality criteria 
for recognition. If a sonographer is looking 
at a structure, such as the choroid plexus, 
but not meeting all the required criteria (like 
proper magnification or visualization of specific 
anatomical landmarks), the system flags it with 
a yellow box. This immediate feedback helps 
sonographers improve their technique.

In practices utilizing this functionality, we’ve 
seen rapid adaptation where image quality 
improves as sonographers learn from these 

automated assessments. They don’t like seeing 
those yellow boxes – it’s like getting a bad grade 
on a test – so they quickly learn to make the 
necessary corrections.

Looking to the future, as the system improves, 
we anticipate it will be able to flag potential 
abnormalities and assist less experienced 
sonographers, particularly in areas with limited 
access to maternal-fetal medicine specialists. It 
can act like an expert looking over their shoulder, 
helping them know when to seek consultations 
and improving the quality of remote image 
sharing with specialists.

Have you observed any other  
benefits from the new system?
One significant advantage we’ve noticed is in 
onboarding new sonographers. They seem to 
grasp the system quickly, and the transition isn’t 
particularly challenging. We’ve had experience 
bringing in traveling sonographers who have 
used other products, and they’re typically up 
to speed and running within a day. It’s actually 
easier to plug people in and out of this system 
and get them running from scratch compared 
to other systems we’ve used.

Sonio visual checklist

Sonio Pro Protocol
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leading to improved detection rates for subtle 
gynecological pathologies.6

The integration of artificial intelligence-based 
signal processing has further enhanced image 
quality through real-time optimization of multiple 
parameters simultaneously. These systems 
can analyze incoming ultrasound data and 
adjust processing parameters to maintain 
optimal image quality across different patient 
characteristics and examination conditions.7

The impact of these technological 
advancements extends beyond mere image 
aesthetics. Enhanced signal processing 
capabilities have been shown to improve the 
reproducibility of measurements and increase 
diagnostic confidence among sonographers 
and interpreting physicians. Research indicates 
that modern signal processing techniques can 
significantly reduce inter-observer variability 
in gynecological measurements compared to 
conventional imaging approaches.8

Overcoming Technical Challenges
The optimization of gynecological ultrasound 
imaging frequently encounters various technical 
obstacles that can impact diagnostic accuracy. 
Understanding and implementing effective 
solutions to these challenges is crucial for 
maintaining high-quality imaging standards and 
ensuring reliable diagnostic outcomes.

Solutions for Difficult-to-Scan Patients
Gynecological ultrasound imaging faces 
various technical challenges, particularly in 
obese patients and those with complex pelvic 
anatomy. Obesity can significantly impact image 
quality and require specific protocols to improve 
visualization by up to 40%.9 For patients with 

extensive scarring, multi-angle compound 
imaging techniques can enhance border 
detection and reduce acoustic shadowing 
by approximately 30%.10 Three-dimensional 
ultrasonography has emerged as a useful 
tool for clinical problem-solving in gynecology, 
especially for imaging the uterus and uterine 
cavity.11 Advanced imaging modalities like 
MRI are increasingly being used alongside 
ultrasound for more precise diagnoses.12 To 
overcome these challenges, practitioners 
must familiarize themselves with equipment, 
optimize imaging techniques, and adapt to 
new technologies.13 Continuous improvement 
in imaging technology and protocols is essential 
for maintaining high-quality standards and 
ensuring reliable diagnostic outcomes in 
gynecological ultrasound.14,15

Adaptive Imaging Technologies
Recent advances in adaptive imaging 
technologies have significantly improved 
ultrasound image quality and efficiency. Adaptive 
beamforming techniques, including minimum 
variance methods, have shown enhanced 
resolution and contrast compared to traditional 
delay-and-sum approaches.16,17 Deep learning 
algorithms have been successfully applied 
to various aspects of ultrasound imaging, 
from beamforming to advanced applications, 
demonstrating improved performance and 
efficiency.18,19 Real-time adaptive filters have 
been developed to reduce noise and artifacts 
while enhancing edge definition and tissue 
texture.20 These adaptive technologies have 
been shown to decrease scanning time by up 
to 25% and reduce the number of keystrokes 
required during examinations.21 Implementation 

Critical Aspects of Image Quality
The foundation of accurate gynecological 
diagnosis through ultrasound imaging rests 
upon achieving and maintaining optimal 
image quality. This fundamental aspect 
encompasses multiple technical parameters 
that must be precisely controlled and optimized 
to ensure diagnostic accuracy and reliability. 
Understanding these critical elements is 
essential for both imaging specialists and 
clinicians interpreting the results.

Resolution Parameters  
and Their Significance
Ultrasound image resolution in gynecological 
applications comprises three distinct but 
interconnected parameters: spatial resolution, 
contrast resolution, and temporal resolution. 
Spatial resolution, particularly important 
in identifying small anatomical structures  
such as early gestational sacs or ovarian 
follicles, depends on both axial and lateral 
resolution capabilities of the ultrasound 
system.1 In transvaginal ultrasonography, 
higher frequency transducers are employed, 
offering superior axial resolution compared 
to lower-frequency transabdominal probes. 
This enhanced resolution facilitates the 
early detection and detailed assessment of 
intrauterine pregnancies.2

The relationship between frequency selection 
and penetration depth presents a crucial 
trade-off in gynecological imaging. Higher 
frequencies provide superior resolution for 
transvaginal examinations but with limited 
depth penetration, while lower frequencies allow 
greater penetration for transabdominal imaging 
at the cost of reduced spatial resolution.3

Contrast Optimization Techniques
Contrast resolution, essential for distinguishing 
between different tissue types and identifying 
pathological changes, has seen significant 
advancement through dynamic range 
optimization and harmonic imaging techniques. 
Research has demonstrated that appropriate 
adjustment of dynamic range can significantly 
improve the detection rate of endometrial 
abnormalities compared to standard settings.4 
The implementation of tissue harmonic imaging 
has particularly enhanced the visualization 
of subtle tissue interfaces and fluid-filled 
structures, crucial for identifying various 
gynecological conditions.

Modern ultrasound systems incorporate 
sophisticated contrast optimization algorithms 
that automatically adjust gain, time-gain 
compensation, and dynamic range based 
on tissue characteristics. These adaptive 
technologies have shown particular value  
in challenging diagnostic scenarios, such  
as distinguishing between hemorrhagic  
cysts and endometriomas, where subtle 
differences in echogenicity are critical for 
accurate diagnosis.5

 
Signal Processing Advancements
Recent developments in signal processing 
have revolutionized the quality of gynecological 
ultrasound imaging. Advanced signal 
processing algorithms, including speckle 
reduction imaging and compound imaging 
techniques, have significantly improved  
image clarity and diagnostic confidence. 
Studies have shown that the implementation of 
advanced signal processing can reduce image 
noise while preserving important tissue detail, 

Quality and Precision in 
Gynecological Ultrasound Imaging
Jonathan D. Agnew, PhD, MBA, Adjunct Professor, Faculty of Medicine,  
University of British Columbia

Advanced ultrasound imaging technology has revolutionized gynecological 
diagnostics through improvements in resolution, contrast optimization, and signal 
processing capabilities. Modern systems incorporating artificial intelligence 
and adaptive technologies have significantly enhanced detection rates for 
subtle pathologies while reducing the need for repeat examinations. These 
technological developments, combined with standardized quality assurance 
protocols, have fundamentally transformed patient care by enabling more 
precise, non-invasive diagnostic capabilities and supporting evidence-based 
clinical decision-making.
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of adaptive imaging systems has progressed 
from early prototypes to more advanced 
systems capable of updating aberration 
profiles at quasi-real-time rates, revolutionizing 
ultrasound imaging across various clinical 
applications.22,23

Quality Assurance Protocols
Quality assurance protocols are vital for 
consistent ultrasound imaging across 
operators and equipment. Regular system 
calibration reduces technical failures through 
testing procedures and performance 
limits.24,25 Methods include transducer 
testing, phantom measurements, and visual 
fault checks.26 A software-based protocol 
using in-air reverberation shows promise.27 
Tests evaluate safety, display, uniformity, and 
resolution.28 Implementation varies between 
institutions,29 though standardization can 
address inconsistencies.30 QA programs remain 
essential for preventing errors.31

Real-time Image Optimization
Real-time image optimization techniques in 
ultrasound have enhanced diagnostic accuracy 
and efficiency. Systems include automatic 
artifact detection and correction, while Easy 
Adjustment Technology simplifies setup, 
reducing musculoskeletal strain.32 Dynamic 
optimization decreases examination time by 
9.6% and keystrokes by 21.3%.21 Real-time 
lag-one coherence enables patient-specific 
optimization.33 ClearVision is a proprietary noise 
reduction filter that improves tissue interface 
definition and creates sharper 2D images for 
optimal diagnostic performance.

Clinical Impact of Enhanced Imaging
The evolution of gynecological ultrasound 
technology has fundamentally transformed 
diagnostic capabilities and patient care  
delivery. Beyond mere technical improvements, 
these advancements have reshaped clinical 
decision-making processes and patient 
experiences in profound ways.

Improved Diagnostic Accuracy
Enhanced imaging techniques have 
revolutionized the diagnosis and management 
of gynecological conditions. High-resolution 
transvaginal ultrasound now enables detection 
of subtle tissue changes, improving diagnostic 
accuracy for conditions like adenomyosis 
and endometriosis.36,37 Three-dimensional 
ultrasound has particularly advanced 
adenomyosis evaluation.38,39 While traditionally 
diagnosed through hysterectomy, adenomyosis 
can now be identified non-invasively using 
ultrasound and MRI.40 These imaging modalities 
help distinguish between different forms of 
adenomyosis and guide treatment decisions.39 

Contrast-enhanced ultrasound shows promise 
in diagnosing various uterine disorders by 
visualizing microvasculature.41 The evolution of 
gynecological imaging has improved diagnostic 
capabilities, reduced the need for invasive 
procedures, and enhanced surgical planning 
for complex cases.42,43 This progress has 
significantly impacted clinical decision-making 
and patient care in gynecology.

Reduced Repeat Examination Rates
Enhanced imaging technologies and protocols 
reduce repeat examinations and improve 
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surgical planning for 
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healthcare efficiency. Harmonic imaging 
enhancement systems decrease repeat imaging 
by 25-67% across modalities.44-46 Shared 
diagnostic imaging repositories reduce repeat 
imaging by 19.4% and shorten surgical wait 
times.5 Integrated CPOE/RIS/PACS systems 
decrease X-ray and CT procedures.47 Quality 
initiatives reduce unnecessary follow-up 
imaging by 58%.48

Patient Satisfaction Metrics
Patient sat isfact ion in gynecological 
ultrasound is generally high, with research 
reporting satisfaction rates of 95% or above.49 

Bedside ultrasound has been associated with 
improved patient satisfaction, potentially due 
to reduced time to diagnosis and shorter 
hospital stays.50 Patients appreciate the 
caring and friendly attitude of obstetricians 
and gynecologists compared to other 
specialists.51 Factors influencing satisfaction 
include staff-patient interaction, waiting times, 
and organizational behavior.52 Interestingly, 
ultrasound was preferred by patients over CT 
and MRI for ovarian cancer staging, despite 
being associated with more pain during the 
examination.53 However, gender bias may 
impact patient satisfaction scores, with female 
gynecologists receiving lower ratings than 
their male counterparts.54 Overall, bedside 
ultrasonography has transformed the approach 
to female patients with pelvic complaints in 
acute care settings.55

Conclusion
The continuous advancement of gynecological 
ultrasound imaging technology represents 
a significant milestone in modern diagnostic 
medicine. Through the integration of 
sophisticated signal processing algorithms, 
adaptive imaging technologies, and artificial 
intelligence-based optimization, contemporary 
u l t rasound systems have ach ieved 
unprecedented levels of diagnostic accuracy 
and efficiency. The implementation of these 
enhanced imaging capabilities, coupled with 
standardized quality assurance protocols and 
real-time optimization techniques, has yielded 
tangible clinical benefits, including improved 
detection rates for subtle gynecological 
pathologies, reduced repeat examination 
rates, and increased patient satisfaction.  
As ev idenced by the documented 
improvements in spatial resolution, contrast 
optimization, and diagnostic confidence, 
these technological innovations have not only 
transformed the landscape of gynecological 
imaging but have also fundamentally enhanced 
the delivery of patient care by enabling more 
precise, non-invasive diagnostic capabilities 
and supporting more informed clinical decision-
making processes.
 

ClearVision reduces speckle artifacts in tissues

The implementation of these enhanced imaging 
capabilities, coupled with standardized quality 
assurance protocols and real-time optimization 

techniques, has yielded tangible clinical benefits, 
including improved detection rates for subtle 
gynecological pathologies, reduced repeat  

examination rates, and increased patient satisfaction
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Introduction
EAs clinicians deeply involved in prenatal care, 
we recognize the pivotal role prenatal detection 
of fetal brain pathologies plays in improving 
maternal and fetal outcomes. A detailed 
understanding of normal fetal brain anatomy, 
accurate delineation of diagnostic planes, and 
the ability to quickly identify Central Nervous 
System (CNS) abnormalities during conventional 
2D ultrasound exams are essential for accurate 
fetal CNS evaluation. These tasks, which are 
highly operator-dependent, can hinder the 
early detection of subtle anatomical changes, 
impacting decision-making on further genetic 
testing, fetal surgery, or pregnancy termination. 

Although many congenital CNS anomalies 
can be identified during routine anatomical 
ultrasound surveys, detection rates still  
vary considerably. Despite significant advances 
in ultrasound technology over the past  
few decades, prenatal  detect ion of  
fetal cerebral anomalies remains a challenge. 
These include difficulties in acquiring the 
appropriate diagnostic imaging planes, 
operator-dependent variability, and the inherent 
limitations in visualizing complex anatomical 
structures such as the fetal brain. The human 
eye can miss subtle abnormalities, particularly  
in the intricate fetal brain during routine 
screening examination, highlighting the need 
for improved imaging techniques.

In this article, we will discuss how a suite 
of artificial intelligence (AI) technologies are 
enhancing the visualization and confidence 
in detailed assessment of the fetal brain.  
By improving the interrogation of the fetal brain, 
these technologies not only advance diagnostic 
accuracy but also pave the way for better 
maternal and fetal health outcomes.

The Role of AI in  
Fetal Neurosonography
The incremental integration of artificial 

intelligence (AI) into medical imaging is set 
to revolutionize the field, with significant 
advancements seen in areas such as prenatal 
ultrasound. Over recent years, automated 
software utilizing machine learning (ML) 
algorithms has increasingly been adopted 
into clinical practice. In particular, AI-driven 
technologies for image recognition and 
reconstruction are playing an increasingly 
pivotal role in transforming clinical workflows, 
training methods, and diagnostic accuracy, 
especially in prenatal ultrasound. Automated 
tools assist in analyzing highly complex three-
dimensional (3D) anatomical structures,  
such as the fetal heart and central nervous 
system (CNS). The application of these  
tools has shown considerable potential in 
improving the accuracy and efficiency of 
prenatal examinations by standardizing 
imaging across different practitioners, reducing 
interoperator variability that can otherwise  
affect diagnostic quality1-3. 

AI-powered software solutions can be 
beneficial to both novice and experienced 
examiners. Inexperienced operators can 
rely on these tools for more accurate basic 
examinations and biometric measurements, 
while experienced sonographers can use 
them to efficiently perform comprehensive 
fetal neurosonograms, conserving time and 
resources. However, it is important to note 
that advanced software solutions are not yet 
widely accessible in routine clinical practice, and 
traditional ultrasound neuro-imaging techniques 
still need to be taught and mastered. Ongoing 
developments in AI and ultrasound software will 
continue to enhance the clinical utility of these 
technologies, and further studies are needed to 
evaluate their effectiveness in clinical settings 4-6.

AI Technologies  
for Neurosonography
A comprehensive evaluation of the fetal CNS 

Enhancing Ultrasound Interrogation  
of the Fetal Brain with AI Innovations
Elena Sinkovskaya, MD, 
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A closer look at AI-driven advancements in fetal neurosonography including 
advanced volume techniques to improve maternal and fetal outcomes.
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includes labeling and measuring key anatomical 
structures in the brain. Neurosonography 
requires visualizing very small and complex 
three-dimensional structures which can be 
difficult to delineate. When assessing the 
fetal brain in 3D, the exam complexity and 
manipulation can be even more challenging 
and require significant expertise which includes 
advanced manipulation of the 3D volume. 

Live ViewAssistTM Fig. 2 and associated licensed 
technologies such as ViewAssistTM Fig. 1 and 
Biometry AssistTM Fig. 1 (Samsung, Seoul, South 
Korea) automatically recognizes the standard 
imaging planes, labels anatomical landmarks, 
and automatical ly provides biometric 
measurements while live scanning and extracts 
targeted images and measurements with no 
user interaction required Fig. 2. 

In the advanced 3D assessment of the fetal 
brain, 5D CNS+ (Samsung, Seoul, South 
Korea) is an automatic 3D feature for fetal 
brain assessment & biometric measurements. 
Provides 9 fetal brain views for diagnosis 
following the ISUOG guidelines. Displays axial, 
sagittal, and coronal views and 6 measurements 
from 3 transverse views generated from a single 
volume which reduces the complexity related 
to 3D Volume manipulation.

AI technologies utilizing  
three-dimensional (3D)  
ultrasound - 5D CNS+
The integration of high-resolution ultrasound 
probes and the expansion of 3D ultrasound 
into routine prenatal practice have improved 
the detection and diagnosis of CNS anomalies 

Live ViewAssistTM

ViewAssistTM and 
Biometry AssistTM 

automatically recognizes 
the standard imaging 

planes, labels anatomical 
landmarks, and 

automatically provides 
biometric measurements 
while live scanning and 

extracts targeted images 
and measurements 

with no user interaction 
required 

AI-driven automatically 
generate the necessary 

measurements of 
fetal brain structures, 

eliminating human error 
and the time spent on 
manual calculations 

algorithms

Fig. 3. The advantages of three-dimensional (3D) 
ultrasound in examining the fetal brain have 
been well-documented, but challenges remain. 
These include issues with fetal orientation within 
the 3D volume, difficulty in manipulating images 
across the x, y, and z planes, and a lack of 
standardization in the technique. The ability to 
correctly identify diagnostic planes for detailed 
neurosonography from 3D volumes is highly 
operator-dependent and requires significant 
expertise7, with notable intra- and interobserver 
variability and low reproducibility. Samsung’s 
5D CNS+™ is a notable advancement in 
addressing these challenges. By offering 
automated imaging planes, labeling, and 

measurements, this technology significantly 
reduces the reliance on manual input. This 
reduces variability across different practitioners 
and helps ensure that each patient receives 
consistent, high-quality care, regardless of the 
facility or operator.

Key Features of 5D CNS+ include:
Enhanced Visualization: The 5D CNS+Fig. 

4 offers multi-dimensional imaging, providing 
a detailed, comprehensive view of the fetal 
brain. It automatically produces all the required 
diagnostic imaging planes, facilitating a 
thorough neurosonogram that complies with 
clinical guidelines.

Figure 1: Assist technologies label/measure fetal brain

Figure 2: Live ViewAssist automatically captures fetal images

Figure 3-CrystalVue™ 3D rendered fetal brain ventriculomegaly

Figure 4: Automatically generated measurements from 3D volume
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Automated Measurements: AI-driven 
algorithms automatically generate the necessary 
measurements of fetal brain structuresFig.4, 
eliminating human error and the time  
spent on manual calculations. This feature 
ensures greater consistency and improves 
diagnostic accuracy.
Improved Workflow: With AI automating 
image acquisition, labeling, and measurement, 
clinicians can focus more on interpretation and 
decision-making rather than adjusting imaging 
planes or taking repeated measurements.  
This leads to faster diagnoses, better patient 
care, and more efficient use of resources.
 
The Impact of AI  
on Clinical Practices
In clinical practice, the impact of AI on fetal 
assessments is profound. These technologies 
streamline the ultrasound process, ensuring  
that we capture all relevant anatomical 
landmarks with greater precision. In my 
experience, this means that clinicians can 
focus on the interpretation of the images, rather 
than on the technicalities of image acquisition.  
This shift ultimately benefits patient care,  
as it allows us to provide faster, more  
accurate diagnoses.

Furthermore, AI technologies can serve 
as a valuable educational tool for medical 
professionals. As we continually refine our 
skills in interpreting complex fetal images,  
AI can help us learn more effectively. Through 

training modules and simulations, AI can 
assist in honing ultrasound interpretation skills, 
especially in areas like fetal brain pathology 
where expertise is critical.

While transitioning to new technologies 
may pose challenges, such as resistance 
from practitioners accustomed to traditional 
methods, I believe that ongoing education and 
training can ease this process. Ensuring that 
clinicians are well-supported and understand 
the potential benefits of AI will be key to the 
successful integration of these technologies in 
prenatal care.

Conclusion
The integration of AI into ultrasound technology 
represents a transformative shift in how we 
evaluate the fetal brain. By overcoming the 
limitations of traditional 2D imaging, these 
technologies not only enhance diagnostic 
accuracy but also enable more efficient 
workflows, helping us provide better care for 
expectant mothers and their babies. As AI 
continues to evolve, the future of prenatal care 
looks even brighter, with the potential for more 
accurate, timely, and personalized interventions.
As clinicians, it’s essential that we stay abreast 
of these technological advancements and 
continue to incorporate them into our practices. 
With AI, we have the opportunity to enhance 
both our diagnostic capabilities and patient 
care, ultimately improving outcomes for both 
mother and child.

How has traditional ultrasound 
practice evolved in gynecology 
over the years?
The history of gynecological ultrasound 
over the past 40 years has seen significant 
changes. Initially, OBGYNs lost ground to 
radiologists because they weren’t interested 
in the technology. While this has largely 
changed in Europe and many other countries, 
gynecological ultrasound in the United States 
is still predominantly performed by radiologists. 
I’ve written several articles voicing my 
disagreement with this practice.

I believe gynecological ultrasound is more 
than just imaging – it’s an extension of the 
bimanual pelvic exam. The transvaginal 

approach complements the pelvic examination 
by providing detailed visualization of the ovaries 
and other pelvic structures. Even at major 
institutions where I’ve worked, like Columbia 
Presbyterian, NYU, and Hackensack Medical 
Center, most gynecologic ultrasound is still 
outsourced to radiology. At NYU, I managed to 
reclaim about 60% of these procedures during 
my 21-year tenure.

What are some key  
advancements in AI and 
automation that are transforming 
gynecologic ultrasound?
AI offers numerous advantages in diagnosis, 
treatment planning, and patient care. It 
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improves interpretation through pattern 
recognition, particularly in detecting and 
characterizing gynecologic pathology, especially 
ovarian lesions and endometriosis. One specific 
example is the detection of borderline ovarian 
tumors, which show typical microcystic 
appearances in their solid components.  
These tumors primari ly affect young 
women, and early detection through AI-
assisted recognition could help primary care 
gynecologists make timelier diagnoses.

AI can also automate measurements of 
structures like the uterus, cervix, ovarian 
volume, and endometrial thickness, making 
these assessments faster and more reliable 
than manual measurements. The technology 
can generate automatic reports and potentially 
predict outcomes, particularly in differentiating 

between benign and malignant ovarian tumors. 
This ties into the work of the International 
Ovarian Tumor Analysis (IOTA) group, led by Dirk 
Timmerman in Europe, which has established 
clear criteria for distinguishing benign from 
malignant features that AI can recognize.
 Furthermore, AI can provide real-time feedback 
during examinations, potentially shortening the 
time between examination and diagnosis. It can 
suggest additional views or measurements that 
might be needed, improving the completeness 
of the examination.

How do you see AI algorithms 
improving the accuracy and 
efficiency of ultrasound imaging?
AI can provide more precise and accurate 
management by delineating the borders of 

21

different structures through analysis. I’ve 
observed this capability in some current 
machines that can evaluate the uterus, 
perform measurements, and assess  
tissue structure almost instantaneously. This 
provides immediate feedback that enhances 
diagnostic accuracy.

A particularly interesting application is in 
follicular counting for fertility treatment. While 
early attempts at automated 3D follicle counting 
had limitations due to resolution issues, today’s 
high-resolution transvaginal ultrasound, 
combined with AI, can better differentiate and 
measure individual follicles. In the past, when 
follicles were close together, they would appear 
merged in the image, making accurate counting 
impossible. However, with today’s improved 
resolution and AI assistance, we can clearly 
distinguish separate follicles, measure them, 
and track them over time. This is especially 
valuable for reproductive endocrinologists 
monitoring patients undergoing fertility 
treatments.
 
What do you see as the major 
barriers to widespread adoption  
of AI in ultrasound imaging?
First, practitioners need to be convinced that 
AI is reliable and based on actual clinical data, 
especially given recent controversies about AI 
in other fields. There’s considerable skepticism 
about AI’s accuracy and reliability, partly due 
to its misuse in other contexts. We need to 
demonstrate that medical AI applications are 
based on sound, real-world clinical data.

Second, users need proper training in 
how to utilize AI tools effectively. When I 

recently examined a Samsung system with 
AI capabilities for uterine measurements, it 
became clear that practitioners need to know 
how to engage with the system and ask the 
right questions. Application specialists who 
provide training when new ultrasound systems 
are installed are crucial in this process. They 
serve as essential intermediaries between 
manufacturers and clinicians, teaching us not 
only what AI can do but also when and how to 
use it effectively.

Clinicians need to understand what algorithms 
are available, which cases they apply to, 
how results are displayed, and how reliable 
the information is. For example, if AI reports 
that an ovary has 15 follicles greater than 10 
millimeters, clinicians need to know how reliable 
that count is. Without this knowledge transfer, 
many valuable AI capabilities may go unused.

Can you share any  
personal experiences with  
using AI in your research?
I recently wrote an article about cesarean scar 
pregnancy, a controversial topic where there’s 
debate about whether to classify it as an 
ectopic pregnancy. I used AI to help me analyze 
the different perspectives and find ways to 
reconcile opposing viewpoints. The AI provided 
fact-based, research-supported insights that 
I hadn’t considered, though I had to modify 
and adapt these insights rather than use them 
directly. While journal editors are increasingly 
requiring authors to disclose AI use, I found it 
valuable as a tool for expanding my thinking 
and generating new approaches to complex 
clinical issues.

UterineAssist™ measures uterus and aids in detecting abnormalities

5D Follicle™ identifies and measures ovarian follicles
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Introduction 
The concept of artificial intelligence (AI) in 
the last few years has taken off in society at 
speeds not seen most likely since the industrial 
revolution. The advent of artificial intelligence (AI) 
is poised to have a transformative impact on 
society, comparable to the sweeping changes 
brought about by the Industrial Revolution over 
200 years ago. However, while the Industrial 
Revolution primarily affected how tasks were 
performed mechanically, AI’s influence extends 
far beyond, fundamentally altering our cognitive 
capabilities and productivity1.

AI has the potential to dramatically compress 
the time required for human achievements. 
Tasks that once took years or even decades 
could potentially be accomplished in a fraction 
of the time. This acceleration of progress is 
not limited to physical labor but extends to 
intellectual pursuits, creative endeavors, and 
complex problem-solving.

Imagine a scenario where scientif ic 
breakthroughs that might have taken a century 
of cumulative human effort could be realized 
within a single generation. AI’s ability to process 
vast amounts of data, recognize patterns, and 
generate novel solutions at unprecedented 
speeds could catalyze advancements across 
various fields, from medicine and environmental 
science to space exploration and beyond. 

As we embrace the possibilities of AI, it’s 
crucial to steer its development and application 
towards enhancing human potential rather than 
replacing it, ultimately aiming for a symbiotic 
relationship between human creativity and 
artificial intelligence. As maternal-fetal medicine 
specialists, we are captivated by the potential 
symbiosis between artificial intelligence and our 
field. Our daily practice involves meticulously 
evaluating pregnancies to detect anomalies that 

could significantly impact fetal development 
and maternal health. This detection process 
serves the important purpose of guiding us in 
optimizing pregnancy management.

Congenital heart disease (CHD) stands out 
as a prevalent and severe birth defect globally, 
ranking as the leading cause of death among 
infants born with congenital anomalies2-4. 
Making it a perfect opportunity to form a 
symbiotic relationship melding our field with 
this groundbreaking technology, which offers 
unprecedented efficiency, adaptability, and 
transformative potential across our field, 
particularly in the area of prenatal ultrasound. 

Current estimates indicate that CHD affects 
approximately 9.4 out of every 1,000 live births 
worldwide3. Even with prenatal ultrasound 
routinely implemented as a screening tool, 
detection rates for fetal anomalies vary widely, 
ranging from 13% to 80%. This significant 
variation depends on several factors, including 
the specific literature reviewed, the geographical 
location where screening is performed, and the 
policies in place at healthcare facilities. The 
effectiveness of prenatal ultrasound screening 
is influenced by factors such as the expertise of 
the sonographer, the quality of the equipment 
used, and the gestational age at which the scan 
is conducted5.

Current State
As we delve into this topic, it’s essential 
to first acknowledge the challenges our 
professional societies face in keeping pace 
with technological advancements. One notable 
example is the requirement by many journals 
for authors to disclose the use of artificial 
intelligence (AI) in manuscript submissions.  
It raises an intriguing question: will we eventually 
need to disclose to colleagues, patients, or 
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other stakeholders when AI has been utilized 
in making a diagnosis? This transparency 
isn’t inherently negative; in fact, it’s crucial for 
maintaining trust and integrity in patient care. 
However, it’s important to remain mindful 
of these considerations as we continue to 
advance and integrate AI into medical practice.

Research has already been published on the 
evaluation of fetal heart anatomical images using 
artificial intelligence (AI) algorithms, such as 
HeartAssistTM (Samsung, Seoul, South Korea)6. 
This study compares the performance of AI with 
that of expert clinicians who routinely assess 
fetal heart anatomy between 19 and 23 weeks 
of gestation. Specifically, the study focused on 
key views such as the four-chamber view, left 

and right outflow tracts, and the three-vessel 
view. This research involved 120 consecutive 
low-risk singleton pregnancies undergoing 
second-trimester ultrasounds. The findings 
indicate that technologies like HeartAssistTM 
can achieve accuracy comparable to expert 
visual assessments, suggesting their potential 
utility in evaluating fetal heart structures during 
the second trimester. In simple terms, the study 
showed that AI system and clinical experts 
have high levels of agreement when it comes 
to identifying the four fetal cardiac views in the 
study. This means that AI is nearly as effective 
as clinical experts in evaluating these views.  
Such findings highlight the potential of AI to 
support healthcare professionals by providing 

Figure 1:  HeartAssist™ quickly measures fetal heart

Figure 2:  Ultrasound challenges
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reliable diagnostic assistance, although it is 
important to note that AI should complement 
rather than replace human expertise. This 
growing synergy between AI and clinical 
experts could enhance diagnostic accuracy 
and efficiency in medical practice.

We leveraged the insights gained from 
this study to explore the integration of AI 
technology, HeartAssistTM, into our busy 
ultrasound unit, which conducts over 29,000 
ultrasounds annually, including approximately 
4,500 anatomical scans and 400 fetal cardiac 
ultrasounds each yearFigure 1. We were particularly 
intrigued by the potential of this technology to 
serve multiple purposes during our evaluation 
process. In a busy academic practice, it is 
essential to balance work efficiently while 
maximizing educational opportunities for team 
members, all without compromising patient 
care. This can be achieved by integrating 
education into daily clinical routines and 
leveraging technology. Creating a positive 
learning environment is crucial; this involves 
fostering clear communication, providing 
a balance of autonomy and supervision, 
and maintaining enthusiasm for teaching. 
By embedding education within the clinical 
workflow, academic practices can ensure that 
learning is continuous and aligned with patient 
care priorities. This approach not only enhances 
the skills of healthcare providers but also 
improves the overall quality of care delivered to 
patients. Incorporating AI technology into clinical 
settings has proven to be immensely valuable, 
as it enhances skill development for beginners 
and boosts productivity for experienced team 
members. Initially, there was some skepticism 
about the integration of this technology. 
However, it quickly became apparent that AI 
serves not only as an impressive tool but also 
as an effective teaching aid and a significant 
time saver. By facilitating skill sharpening 
for novices and streamlining workflows for 
seasoned professionals, AI technology supports 
a more efficient and educationally enriching 
environment in clinical practices.

By integrating AI technology into our 
workflow, we successfully demonstrated its 
dual role as both a teaching tool and a catalyst 
for embracing technological advancements 
among our team members. Considering the 
concept of uncovering opportunities through 
challenges, we initiated discussions to introduce 
AI technology, which we believe would be 
highly beneficialFigure 2. This integration allowed 
sonographers to receive real-time educational 
support while performing their tasks, thereby 
enhancing their skills and efficiency. Importantly, 
we were able to illustrate to the team the 
tangible benefits of adopting this technology, 

which included a significant reduction in the 
time required to evaluate, identify, and label 
fetal cardiac images, averaging a 5 to 10% 
decrease per patient. This improvement not 
only streamlined operations, but also highlighted 
the value of AI in enhancing both educational 
and practical aspects of our practice.  
Some additional aspects of implementing  
this technology also were brought to light. 
When we inquired from our team about the 
utilization of the technology, we were pleasantly 
surprised to hear about additional benefits that 
we had not considered prior to implementation.  
It allowed the users to create a self base  
method with the technology to build confidence 
as well as skill level. The more seasoned 
sonographers also voice that they felt that the 
system was a fun way to test their skills against 
the artificial technology.

Future State
Our findings, along with those from other 
centers, demonstrate that the AI technology not 
only has a synergistic effect but also an additive 
effect. This means that when combined with 
existing methods, the technology enhances 
overall outcomes by working in harmony with 
current practices and contributing additional 
benefits. This dual impact underscores the 
potential of integrating advanced technology 
into various fields to improve efficiency and 
effectiveness of humans. 

We are cont inuously evaluat ing AI 
software to enhance both our workflow  
and educational goals across various 
levels of expertise. AI has the potential to 
significantly improve personalized learning by 
tailoring educational experiences to individual  
student needs, accommodating different 
learning paces and preferences. In terms of 
workflow enhancements, AI streamlines various 
tasks, optimizes resource allocation within 
educational environments. 

At our facil ity, we adopt a step-by-
step approach to integrating AI into our 
workflow. Initially, we assess the AI system 
in a dedicated workstation, separate 
from our routine operations. This “offline” 
evaluation method enables us to thoroughly 
test the AI software without disrupting our  
regular processes. By using typical prenatal 
images within the program, we can effectively 
assess its performance and capabilities in a 
controlled environment.

We are currently assessing Samsung’s Live 
ViewAssistTM AI deep learning technology within 
this controlled environment. This advanced 
system automatically recognizes the specific 
views needed during live scanning and after 
performing a quality assessment of specific 

views, will extract them without any user 
interactionFigure 3. For the views extracted, 
the system will automatically annotate 47 
different anatomical structures with up to 92% 
accuracy7. Live ViewAssist will also measure 
46 different anatomical structures using the 
licensed View AssistTM | Biometry AssistTM | 
Heart AssistTM technologies7. This setup allows 
us to thoroughly evaluate the technology’s 
capabilities and effectiveness in a controlled 
setting. We have been pleased with the findings 
so far. These features have the potential to 
reduce scanning time and enhance consistency 
by minimizing user variability. Additionally, 
features such as EzCheckTM monitor exam 
progress, while EzReportTM provides instant 
access to measurement results. Using the Live 
ViewAssist technologies may reduce scanning 
keystrokes an average of 89%7, streamlining 
processes, improving workflow efficiency, and 
reducing user variability in fetal imaging. 

We will be rolling this program out to our team 
in a metered fashion to see if the same potential 
will translate to the ultrasound exam in our busy 
clinical environment.

Conclusion
The integration of Live ViewAssist AI deep 
learning technology into our workflow 
demonstrates significant clinical and operational 
benefits. By automatically recognizing and 
extracting specific views during live scanning, 
the system reduces scanning time and enhances 
consistency, minimizing user variability.  
This technology supports tools l ike 
BiometryAssist, ViewAssist, and HeartAssist, 
and features such as EzCheck and EzReport 
further streamline processes by monitoring 
exam progress and providing instant 
measurement results. As we continue to 
evaluate its effectiveness in a controlled 
environment, we are optimistic about its 
potential to improve workflow efficiency and 
reduce keystrokes. We plan to gradually 
implement this technology across our team to 
enhance both educational and practical aspects 
of our practice, ultimately aiming to improve 
patient care in our busy clinical setting. The 
future of prenatal ultrasound with AI integration 
is incredibly promising, and we are excited to 
contribute to this transformative process.

Using the Live 
ViewAssist technologies 

may reduce scanning 
keystrokes an average 
of 89%, streamlining 
processes, improving 

workflow efficiency, and 
reducing user variability 

in fetal imaging
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Figure 3:  Live ViewAssist automatically acquires fetal images
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Rising Complexity  
in Pregnancy Cases
Chronic conditions affect over 25% of 
pregnant women, with nearly half being 
overweight or obese, contributing to a 26% 
rise in complications like pulmonary embolism 
and renal failure.1 Obesity during pregnancy 
increases maternal and fetal risks, including 
gestational diabetes, hypertensive disorders, 
and preterm birth.2 Obesity also complicates 
antenatal care, increasing the likelihood of 
undetected fetal anomalies and postoperative 
complications such as infections and venous 
thromboembolism.3

Impact of Increasing Maternal Age
Deferring pregnancy to later in life increases 
risks due to pre-existing conditions like 
hypertension and diabetes. Indirect causes, 
including mental health issues, now lead 
global maternal mortality rates, particularly 
among women with pre-existing conditions. 

Additionally, pregnancy can unmask latent 
medical conditions, highlighting the need for 
comprehensive care and long-term health 
monitoring.4

Multiple Gestation Management
The prevalence of multiple gestations has 
risen significantly due to advances in assisted 
reproductive technologies. These pregnancies 
are associated with elevated risks such as 
preterm labor, low birth weight, and increased 
maternal complications. These cases highlight 
the unique challenges posed by carrying 
multiple fetuses.5

Ergonomic Considerations  
for Healthcare Providers
Obstetric care places physical strain on 
healthcare providers, with activities like 
prolonged monitoring and assisting with 
deliveries causing musculoskeletal stress. 
Ergonomic hazards such as heavy lifting and 

Modern Solutions for  
Complex Obstetric Care
Jonathan D. Agnew, 
PhD, MBA, Adjunct Professor, Faculty of Medicine, University of British Columbia

The evolving landscape of maternal healthcare presents mounting  
challenges, from rising obesity rates to advanced maternal age complications. 
Healthcare providers must navigate these complexities while embracing 
technological innovations, particularly in fetal medicine and telemedicine 
applications. Patient-centered approaches, supported by AI and rapid 
diagnostics, are transforming care delivery and improving outcomes in  
high-risk pregnancies.

Telemedicine 
consultations have 

proven transformative 
in fetal medicine. They 

enable remote diagnosis 
with high accuracy, 

with studies confirming 
antenatal diagnoses 

made via telemedicine 
were validated 

postnatally

Chronic conditions 
affect over 25% of 
pregnant women, 

with nearly half being 
overweight or obese, 
contributing to a 26% 

rise in complications like 
pulmonary embolism 

and renal failure

long shifts also heighten risks for pregnant 
healthcare workers, necessitating workplace 
adjustments to ensure safety.6

Technological Innovations  
in Fetal Medicine
Real-Time Image Sharing Capabilities
Telemedicine consultations have proven 
transformative in fetal medicine. They enable 
remote diagnosis with high accuracy, with 
studies confirming antenatal diagnoses 
made via telemedicine were validated 
postnatally. Such consultations also improve 
clinical outcomes by altering diagnoses in 
45.8% of cases and management plans in 
33.3%. Moreover, patients, clinicians, and 
subspecialists report high satisfaction and 
confidence in these services.7

 
Telesonography Applications
Telesonography, including robotic arm-assisted 
ultrasound, offers significant benefits in remote 
and hazardous environments.9 It provides 
diagnostic accuracy comparable to in-person 
sonography, especially for acute conditions. 
Moreover, novice operators can produce 
usable images through tele-mentored guidance, 
showcasing its feasibility in diverse settings.10

Dr. Quintero Case Study  
and Laser Coagulation
The development of fetoscopic laser coagulation 
techniques has drastically improved survival 
rates in twin-to-twin transfusion syndrome 
cases. Over 25 years, the survival rate for both 
twins rose from 35% to 65%, while at least 
one twin’s survival increased from 70% to 
88%. These advancements reflect the efficacy 
of evolving laser methods, maintaining stable 
mean gestational age at birth.11

Integration with  
Fetal Therapy Procedures
Advancements in imaging technologies, such 
as sonography and MRI, have significantly 
enhanced fetal therapy. These tools support 
the evaluation and treatment of anomalies, 
including myelomeningocele and congenital 
cystic adenomatoid malformation, improving 
success rates. However, some procedures, 
like tracheal clip application for congenital 
diaphragmatic hernia, have been discontinued 
due to poor outcomes.12

Patient-Centered  
Care Enhancement
Management of  
Anxiety-Inducing Symptoms
Empathic, patient-centered interventions 
have been shown to reduce preoperative 
anxiety and pain, leading to better surgical 
recovery, increased daily activity, and improved 
satisfaction with care. These interventions also 
result in enhanced wound healing outcomes 
compared to standard approaches.13

AI-Assisted Clinical Insights
Artificial intelligence is transforming clinical care 
by enabling the prediction of diseases through 
patterns in patient data. AI-driven predictive 
analytics have proven effective in identifying 
risk factors for conditions such as diabetes, 
cardiovascular disease, and certain cancers, 
significantly enhancing early detection.14

Machine learning models provide personalized 
treatment plans by integrating patient-specific 
data, such as medical history and genetics, 
optimizing therapeutic outcomes and minimizing 
risks. For instance, tailored medication dosages 
based on individual profiles have demonstrated 
improved efficacy.14

SonoSync™ bridges gap to accessible healthcare.8 

Samsung’s SonoSync™ allows remote control during consultations
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In medical imaging, AI algorithms rapidly 
identify anomalies in X-rays and MRIs, enabling 
timely interventions. This has been instrumental 
in detecting conditions like tumors, improving 
diagnostic accuracy and clinical decision-
making.14

Rapid Diagnosis Capabilities
The healthcare landscape increasingly relies 
on point-of-care and home-based testing 
technologies for faster, efficient diagnoses. 
These advancements address the growing need 
for timely medical decision-making in an aging 
population. Portable diagnostic tools enable 
clinicians to detect diseases like infections more 
rapidly and efficiently than traditional methods, 
reducing delays in care.15

Emerging technologies, including CRISPR-
based diagnostics and portable PCR machines, 
have expanded diagnostic capabilities 
significantly. These tools provide highly accurate 
results quickly, enhancing the ability to manage 
acute and chronic conditions effectively.  
For example, portable PCR machines are used 
to identify pathogens on-site, minimizing the 
need for centralized lab testing.15

Patient Education  
and Communication Tools
Effective communication between healthcare 
providers and patients is a cornerstone of 
patient-centered care. Clear explanations, 
patient-led decision-making, and discussions 
about treatment outcomes significantly enhance 
care quality and patient satisfaction. Addressing 
barriers to communication remains vital to 
achieving these goals.16,17

Impact on Treatment  
Planning and Outcomes
Patient-centered communication, particularly 
in finding common ground, improves health 
outcomes such as symptom recovery, 
emotional well-being, and reduced medical 
utilization. Studies show that patient-centered 
practices lead to fewer diagnostic tests  
and referrals, increasing healthcare efficiency.18 

Additionally, patient-centered approaches 
improve treatment satisfaction and adherence 
by aligning care with patient preferences  
and needs.

Research also highlights that patient-
centeredness, specif ical ly in medical 
rehabilitation, enhances self-management 
and empowerment. These factors contribute 
significantly to better living conditions and  
health status over time.19 Clear communication 
and collaborative decision-making not only 
improve outcomes but also foster trust between 
patients and healthcare providers, creating a 
supportive environment for recovery and long-
term health improvements.

Conclusion
The evolving landscape of medical care, 
particularly in maternal-fetal medicine, 
demonstrates signif icant advances in 
technological capabilities while highlighting 
persistent challenges in managing complex 
pregnancies. From the rising prevalence 
of obesity and chronic conditions in 
pregnant women to the transformation of 
care delivery through telemedicine and AI-
assisted diagnostics, healthcare providers 
must navigate an increasingly sophisticated 
environment of patient care. The integration 
of patient-centered approaches, supported 
by technological innovations such as 
telesonography and AI-driven predictive 
analytics, has markedly improved diagnostic 
accuracy, treatment planning, and patient 
outcomes. These developments, coupled 
with enhanced communication tools and 
rapid diagnostic capabilities, suggest a future 
where personalized medicine and remote care 
delivery will play pivotal roles in addressing 
the complex needs of high-risk pregnancies 
while maintaining high standards of patient 
satisfaction and clinical outcomes. However, 
the success of these advancements ultimately 
depends on their thoughtful implementation 
alongside traditional patient-centered care 
principles, ensuring that technological progress 
enhances rather than replaces the human 
element in healthcare delivery.

Machine learning models 
provide personalized 
treatment plans by 
integrating patient-
specific data, such  
as medical history  

and geneticsAdvancements in 
imaging technologies, 

such as sonography and 
MRI, have significantly 
enhanced fetal therapy. 
These tools support the 
evaluation and treatment 
of anomalies, including 

myelomeningocele 
and congenital 

cystic adenomatoid 
malformation, improving 

success rates
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From the rising prevalence of obesity and chronic 
conditions in pregnant women to the transformation 
of care delivery through telemedicine and AI-assisted 
diagnostics, healthcare providers must navigate an 

increasingly sophisticated environment of patient care
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Emerging Technologies 
Next-generation AI Algorithms
The integration of artificial intelligence in 
obstetric care represents a transformative 
advancement in healthcare delivery. Deep 
learning and transfer learning technologies 
are enabling unprecedented extraction of 
medical insights from diverse personal health 
data sources.1 These developments are 
particularly significant in their ability to enhance 
personalized medicine approaches and improve 
patient engagement through AI-powered 
technologies that facilitate more accurate 
diagnoses and treatment optimization.2

Advanced Imaging Modalities
Modern diagnostic imaging techniques have 
revolutionized the visualization of anatomical 
and physiological processes, with particular 
relevance to obstetric care. The evolution of 

imaging technologies, including advanced 
ultrasound modalities, has led to improved 
diagnostic accuracy and enhanced patient 
safety. Notably, newer hybrid imaging systems 
such as 3D USCT provide higher resolution  
and increased reliability in diagnosing and 
managing complex obstetric conditions.3 The 
integration of artificial intelligence with these 
imaging modalities has enabled automated 
image analysis, reducing inter-observer 
variability and enhancing diagnostic precision. 
Particularly in fetal imaging, machine learning 
algorithms have demonstrated remarkable 
accuracy in detecting structural anomalies and 
assessing fetal growth parameters.
 
Integration with Diagnostic Tools
The convergence of diagnost ic and 
communication technologies has created 
new possibilities in obstetric care delivery. 

Future Outlook
Jonathan D. Agnew, 
PhD, MBA, Adjunct Professor, Faculty of Medicine, University of British Columbia

Rapid technological advancements in obstetric care, particularly in AI algorithms 
and advanced imaging modalities, are reshaping the landscape of maternal-
fetal medicine. While these innovations offer unprecedented opportunities 
for improved diagnostics and personalized care, the field faces significant 
challenges including workforce shortages and regulatory oversight concerns.  
The integration of telehealth and remote monitoring capabilities has emerged  
as a crucial bridge in addressing healthcare access disparities, particularly  
for high-risk pregnancies in resource-limited settings.

Recent advances in 
wearable technology 

have particularly 
impacted prenatal 

care, with continuous 
monitoring devices 

capable of detecting 
early signs of 

complications such 
as preeclampsia and 
gestational diabetes

The integration of 
artificial intelligence with 
these imaging modalities 
has enabled automated 

image analysis, 
reducing inter-observer 

variability and enhancing 
diagnostic precision

This integration manifests primarily in three 
key areas: point-of-care testing, micro-
electromechanical systems, and biomarker 
discovery.4 The advancement of miniaturization, 
nanotechnology, and microfluidics is driving 
the development of low-cost, user-friendly 
diagnostic devices with enhanced molecular-
level sensitivity.5

Potential Breakthrough Technologies
Emerging biomedical technologies show 
particular promise for obstetric applications. 
Advanced biomaterials, including hydrogels 
and cryogels, are revolutionizing tissue 
engineering and drug delivery systems. Notably, 
developments in Lab-on-a-Chip technology 
facilitate rapid diagnostics and molecular 
analysis, while microneedle technology offers 
minimally invasive drug administration options.6 
In the context of maternal-fetal medicine, 
nanomaterial-based biosensors are emerging 
as powerful tools for continuous monitoring of 
maternal and fetal health parameters. These 
technologies enable real-time detection of 
biochemical markers associated with pregnancy 
complications, potentially revolutionizing the 
management of high-risk pregnancies.

Clinical Practice Evolution
Changing Role of Healthcare Providers
The field of obstetrics is facing a projected 
shortage of obstetrician-gynecologists  
(OB-GYNs), driven by population growth 
and limited capacity in residency programs. 
Concurrently, generational changes within 
the profession are leading to trends such as 
increased subspecialization, a preference for 
part-time work, and earlier retirement.7 These 
factors collectively exacerbate workforce 
chal lenges, potential ly impacting the 
accessibility and quality of care for patients in 
need of obstetric services.

Impact on Medical Education and Training
Simulation has come to play a larger role in 
obstetrics and gynecology training. Research 
demonstrates that simulation improves 
participant confidence, technical skills, clinical 
behaviors, and patient outcomes. As its 
effectiveness becomes increasingly evident, 
simulation is being widely integrated into 
the education and practice of obstetrician-
gynecologists, becoming a standard 
component of training programs.8

Workflow Optimization Potential
Implementing frameworks such as the Six 
Sigma strategy optimizes the scheduling and 
preoperative preparation for cesarean sections 
and significantly reduce workflow delays in labor 
and delivery units. Baseline data revealed that 
85.87% of scheduled cesarean deliveries 
experienced delays, with a median delay of 5 
hours and 7 minutes, and 8.9% of patients faced 
postponements to the following day.9 After the 
new process was introduced, delays decreased 
to 75.61%, the median delay time dropped 
to 3 hours and 43 minutes, and no patients 
were delayed to the next day. The reduction 
in mean delay time was statistically significant, 
demonstrating the effectiveness of this 
approach. LaborAssist™ provides information 
of the progress of delivery by the automatic 
measurement of AoP* (Angle of Progression) 
and the direction of the fetal head.10 This not 
only helps in effective communication between 
the healthcare professionals and mothers, but 
also assists in making delivery decisions for the 
healthcare professionals. E-Cervix™ is another 
helpful tool. E-Cervix™ is an elastography tool 
to provide a semi-quantitative assessment of 
cervical tissue stiffness to aids in determining 
premature cervical softening associated with 
premature labor.11 It enhances reproducibility 
and reduces inter-observer variation through 

HeartAssist™ detects, labels and measures heart anatomy LaborAssist™ automatically measures the AoP
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The implementation 
of machine learning 

algorithms in analyzing 
these metrics has 

enabled healthcare 
systems to identify 

patterns and predict 
potential complications 

before they manifest 
clinically
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non-user dependent compressions. It uses 
nearby arterial pulsations, respiration, bowel, 
etc. for tissue compressions.12 
 
Remote Healthcare  
Delivery Advancement
Telehealth and remote patient monitoring 
technologies are increasingly vital in obstetric 
care delivery.13 These systems enable proactive 
interventions through detailed health data 
capture and analysis.14 The integration of 
peripheral devices and high-definition imaging 
capabilities has created an information-rich 
environment for remote healthcare delivery.15 
Recent advances in wearable technology 
have particularly impacted prenatal care, with 
continuous monitoring devices capable of 
detecting early signs of complications such as 
preeclampsia and gestational diabetes. These 
innovations have proven especially valuable in 
managing high-risk pregnancies in resource-
limited settings, where access to specialized 
care may be restricted.

Healthcare System Impact
Cost Implications  
and Economic Benefits
The increasing incidence of cesarean delivery 
has been shown to have widespread beneficial 
effects across countries. Providing cesarean 
delivery to 90% of obstructed labor cases in 
49 countries could avert 59,100 instances 
of obstetric fistula and save 16,800 maternal 
lives.16 The cost per disability-adjusted life-
year averted ranges from $251 to $3,462, 
with a median of $304, demonstrating cost-
effectiveness in addressing this critical need. 
Additionally, the benefit-cost ratio, ranging from 
0.6 to 69.9 with a median of 6.0, underscores 
that the economic benefits substantially 
outweigh the costs in most countries.

Access to Care Improvements
By allowing healthcare workers to maintain 
better communicate with patients, Telehealth 

interventions demonstrated 
improved obstetric outcomes, 
particularly in smoking cessation 
and breastfeeding support.17 
They reduced the need for in-
office visits for high-risk obstetric 
monitoring while maintaining 
maternal and fetal health 
outcomes. One study reported 
a decrease in diagnosed 
preeclampsia among women 
with gestational hypertension. 
Telehealth effectively supported 
the continuation of oral and 
injectable contraception, with 

a text-based intervention increasing oral 
contraceptive use at six months. Telehealth 
provision of medication abortion services 
showed comparable clinical outcomes to 
in-person care while enhancing access to 
early abortion. Additionally, limited studies 
highlighted the potential of telehealth for 
improving notification of sexually-transmitted 
infections and app-based interventions for 
urinary incontinence management.

Quality Metrics and Outcomes
Health-weighted composite quality metrics 
are emerging as valuable tools for measuring 
healthcare system performance. These metrics, 
combined with patient-reported outcome 
measures and experience measures (PREMs), 
provide comprehensive insights into care quality 
and patient satisfaction.18,19 The implementation 
of machine learning algorithms in analyzing 
these metrics has enabled healthcare systems 
to identify patterns and predict potential 
complications before they manifest clinically. 
This predictive capability has demonstrated 
particular value in reducing maternal morbidity 
rates and improving neonatal outcomes in 
high-risk populations. Indeed, reports on 
decision support systems and electronic health 
records indicate three major benefits on quality: 
increased adherence to guideline-based care, 
enhanced surveillance and monitoring, and 
decreased medication errors.20 The primary 
domain of improvement was preventive health, 
and the major efficiency benefit shown was 
decreased utilization of care.

Regulatory Considerations  
and Challenges
Recent controversies around obstetrics and 
gynecology devices, such as sterilization 
devices and pelvic meshes, emphasize 
regulatory challenges. A review of U.S. FDA 
premarket approvals from 2000 to 2015 
identified 18 device approvals, with common 
indications for endometrial ablation (33%), 

contraception (28%), and fetal monitoring 
(17%).21 Approval times ranged from 178 to 
1,399 days, and 42% of devices relied on 
nonrandomized trials. Post-market surveillance 
was required for only 67% of devices, and three 
were later withdrawn due to safety concerns or 
lack of clinical benefit. These findings highlight 
weaknesses in device regulation and the need 
for greater specialty oversight to ensure safety 
and efficacy.

Global Healthcare Implications
Efforts to improve women’s health globally 
have led to positive changes, particularly in 
obstetrics and gynecology, but significant 
challenges remain. Maternal mortality has been 
significantly reduced in regions with access to 
antibiotics, emergency obstetric care, and safe 
blood transfusions.22 In Nordic countries, low 
maternal mortality ratios and effective maternity 
services contrast sharply with many parts of the  
world where limited infrastructure and skilled 
obstetric care contribute to high maternal 
death rates. Historical analyses emphasize the 
importance of improved patient transportation, 
organized maternity care, and access to skilled 
obstetric assistance in reducing deaths due to 
obstetric hemorrhage.

Changing reproductive health priorities, such 
as postponing pregnancies to advanced age, 

have increased the use of assisted reproduction 
technologies, introducing new challenges 
and ethical dilemmas. Additionally, advances 
in education and training for specialists in 
obstetrics and gynecology are needed to 
address evolving priorities and ensure quality 
care. Clinical practices and maternity care 
services must continue to adapt, with a focus 
on patient safety, informed choice, and shared 
decision-making remaining central to improving 
outcomes in women’s healthcare.

Conclusion
The landscape of obstetric care continues  
to evolve rapidly, driven by technological 
innovat ion and changing healthcare 
delivery models. The convergence of AI-
powered diagnostics, advanced imaging 
technologies, and remote monitoring 
capabi l i t ies presents unprecedented 
opportunities to enhance patient care, while 
challenges persist in workforce availability, 
regulatory oversight, and global healthcare 
disparities. As the field moves forward, 
success will depend on thoughtful integration 
of emerging technologies with traditional  
clinical practice, while ensuring advances 
in obstetric care translate into meaningful 
improvements in maternal and fetal health 
outcomes across all populations.

E-Cervix™ uses elastography to determine cervical softening.11,12
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