
 

 

Exhibit E - Infringement of U.S. Patent No. 11,129,591 (the ’591 Patent) 
 
Pursuant to Patent L.R. 3-1, this chart sets forth where and how in the Accused Products each element of claims 1-20 of U.S. Patent No. 
11,129,591 (the ’591 Patent) is found. The Accused Products include, but are not limited to, Defendants’ Voluson family of ultrasound 
systems, which Defendants list as the Voluson SWIFT, Expert Series, and Signature Series products. See generally 
https://www.gehealthcare.com/products/ultrasound/voluson/ (describing the Accused Products).  
 
Defendants’ Voluson products incorporate SonoLyst AI software, which is based on Intelligent Ultrasound’s ScanNav AI proprietary 
ultrasound image analysis technology. See https://www.gehealthcare.com/about/newsroom/press-releases/ge-healthcare-unveils-
voluson-swift-ai-enhanced-womens-health-ultrasound-with (“*SonoLyst incorporates the AI technology of Intelligent Ultrasound”); 
https://polaris.brighterir.com/public/intelligent_ultrasound/news/rns/story/xq64o7r (“Intelligent Ultrasound (AIM: MED), the artificial 
intelligence (AI) based ultrasound software and simulation company, announces that GE Healthcare's Voluson SWIFT ultrasound 
machine that incorporates GE Healthcare's SonoLyst software with Intelligent Ultrasound’s ScanNav Assist AI technology, has received 
510(k) clearance from the FDA for sale in the USA.”). On information and belief, the SonoLyst suite of AI tools contains the same 
neural network architecture and algorithms as ScanNav AI.  
 
Because of the structural similarities in the hardware of the Accused Products and their collective use of SonoLyst AI software, the 
analysis against any one of Defendants’ Voluson ultrasound systems has been provided as representative of all the Accused Products. 
This chart is also representative of any reasonably similar product that incorporates the neural network-based functionality of the 
Accused Products, which UBC also accuses of infringement. 
 
Defendants further indirectly infringe by inducing others to infringe with knowledge of their infringement. For example, Defendants 
sell the Accused Products to their customers and/or other end users and instruct them to practice all claims of the ’591 Patent by using 
the Accused Products. Defendants also actively contribute to infringement by selling the Accused Products to their customers and/or 
other end users knowing they have no substantial noninfringing use.  
 
UBC reserves the right to identify additional products and claims and identify further representative products. UBC reserves the right 
to amend, supplement, expand, modify, or narrow its identifications in the Accused Products as it develops facts during discovery, based 
on the Court’s claim constructions, or for any other allowable purpose in this action. UBC reserves the right to amend, supplement, 
expand, modify, or narrow its identifications in the source code based on additional code review. 
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’591 Claim 1 Voluson Family Products 

1[pre]: A computer-
implemented system for 
facilitating 
echocardiographic image 
analysis, the system 
comprising at least one 
processor configured to: 

The Voluson family products disclose “[a] computer-implemented system for facilitating 
echocardiographic image analysis.”  
 
The Voluson family products are computer-implemented systems because they include a console with 
a display monitor and HDMI interface, WiFi connectivity, a Bluetooth-to-wireless ultrasound probe, 
and are configured with various hardware, firmware, and software components including, but not 
limited to, 2x 8GB of memory and a Microsoft Windows 10 lot Enterprise 64 bit operating system. 
The computer-implemented system comprises at least one processor because it uses a frontend 
processor (e.g., DMA logic, FPGA) and a backend processor (e.g., GPU, CPU). Additionally, ScanNav 
AI, on which the SonoLyst AI algorithm of the Voluson family products is based, was trained on a PC 
with an RTX4000 GPU, which necessarily requires a processor.  
 
The Voluson family products facilitate echocardiographic image analysis because they acquire images 
of a fetal echocardiogram and can automatically identify fetal anatomy for standard views while 
enhancing efficiency by adding annotations and measurements. The Voluson family products achieve 
automated image quality assessment in fetal cardiac ultrasound by leveraging deep learning at multiple 
levels: image recognition to identify the standard view, image analysis to score the view’s quality 
continuously, and intelligent control logic to provide feedback or automation. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
SonoLyst AI, powered by Intelligent Ultrasound’s ScanNav AI software, is available on the Voluson 
Expert, Signature and SWIFT ranges of ultrasound machines. See 
https://polaris.brighterir.com/public/intelligent_ultrasound/news/rns/story/xopgg1r. SonoLystX, one 
of several tools in the SonoLyst AI suite, “compares the image or view acquired to standard criteria 
accepted by experts to ensure it meets clinical standards.”  
See https://www.gehealthcare.com/products/ultrasound/voluson/sonolyst.  
 
Voluson™ Product Family, https://configure-my-voluson.com/en/voluson/system-overview.  
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Voluson™ Family product page, https://gehealthcare-ultrasound.com/en/voluson-family/:  
“Continuous innovation is at the heart of our Voluson family of women's ultrasounds. Every day, we 
strive to further improve the quality of ultrasound images and develop specialized clinical tools that 
allow you to see more anatomical details with greater confidence.” 
 
Voluson SWIFT Brochure JB83443XXt (Sep 2020) at 6: 
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Voluson Signature 20 Product Page, 
https://www.gehealthcare.com/products/ultrasound/voluson/voluson-signature20  
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Voluson Expert 22 Product Page, https://www.gehealthcare.ca/en-
ca/products/ultrasound/voluson/voluson-expert22/workflow-efficiency  
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2. 
 

 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 3-3,   
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 Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-43. 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-4: 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-21 to 5-22: 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-23 to 5-25: 
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T.G. Day et. al., Video Clip Extraction From Fetal Ultrasound Scans Using Artificial Intelligence to 
Allow Remote Second Expert Review for Congenital Heart Disease, Prenatal Diagnosis, 2025, 45:531-
538, at 532-33 (Aug. 7, 2024) (“During the AI‐assisted scan, the novel AI tool was used. This takes as 
input every frame of the ultrasound scan video obtained by the sonographer, and automatically 
classified each frame into one of 13 standard image plane labels, or background. This included five 
cardiac planes (abdominal situs view, four-chamber view (4CH), left ventricular outflow tract view 
(LVOT), right ventricular outflow tract view (RVOT), and three vessel tracheal views (3VT)). This 
step was performed by the SonoNEXT model and is fully described in a separate publication [9], but 
briefly this model is a type of convolutional neural network, taking as input a single ultrasound image 
frame, and producing a prediction of the most likely standard image plane label. Each image was also 
automatically assigned a quality score. Again, full information on the quality scoring model is available 
in our previous publication [9], but briefly this is also a convolutional neural network, taking as input 
a single image and producing an output that is a predicted quality score on a continuous scale, also 
taking into account image diversity (to avoid multiple very similar images being selected as the best 
quality). Details of the development and performance of the AI models are described in the previous 
publication [9]. The AI models were run in real time during the scans on a computer equipped with a 
graphical processing unit (Boxer‐8641AI, Aaeon Technology Inc., Taipei, Taiwan), which was 
connected to the ultrasound machine via a high‐definition multimedia interface (HDMI) connection. 
Information on AI model output was displayed to the sonographer via a tablet (iPad Air Fifth 
Generation, Apple Inc. Cupertino, United States of America). The tablet was connected to the computer 
via a Wi‐Fi connection.”).  

1[a]: receive signals 
representing a first at least 
one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “receive signals representing a first at least one 
echocardiographic image.”  
 
The user moves the ultrasound probe (transducer) along the patient’s body to capture diagnostic fetal 
echocardiographic images. When the ultrasound probe of the Voluson family products is in use, the 
SonoLyst AI algorithm continuously receives new echocardiographic image data, one of which can be 
a first echocardiographic image, as the ultrasound probe is moved around. When the AI recognizes a 
desired view and the quality score for that frame crosses a certain threshold, SonoLystlive can trigger 
an automatic image capture and store it, without the user having to freeze or press save. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
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See discussion with respect to 1[pre] above. 
 
Voluson SWIFT Brochure JB83443XXt (Sep 2020) at 3, 6: 
 

 
 

 
 
Voluson Signature 20 Product Page, 
https://www.gehealthcare.com/products/ultrasound/voluson/voluson-signature20  
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Voluson Expert 22 Datasheet DOC2668404_JB19599XX (2022) at 2: 
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Voluson Expert 22 Product Page, https://www.gehealthcare.ca/en-
ca/products/ultrasound/voluson/voluson-expert22/workflow-efficiency  
 

 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 1-4:  



 

18 

 
 

Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 4-6: 

 
 

Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 4-8 to 4-9: 

 

 
 

Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 5-50: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 5-53 to 5-54:  
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-8: 



 

22 

 
 

Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-13: 
 

 
1[b]: associate the first at 
least one echocardiographic 
image with a first view 
category of a plurality of 
predetermined 
echocardiographic image 
view categories; 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “associate the first at least one echocardiographic 
image with a first view category of a plurality of predetermined echocardiographic image view 
categories.” 
 
The Voluson family products use a Deep Convolutional Neural Network (DCNN) called SonoLyst AI 
to acquire fetal echocardiographic images then sort each image to its correct pre-defined standard view 
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and grade the image for quality. The SonoLyst AI DCNN was trained with over 40,000 test images to 
a minimum acceptable algorithmic performance of 80% accuracy for grading and sorting. When the 
ultrasound probe of the Voluson family products is in use, the SonoLyst AI Algorithm continuously 
receives new echocardiographic image data as the ultrasound probe is moved around. The SonoLyst 
AI algorithm repeatedly evaluates and displays information indicating quality of the current image with 
respect to a specific view as new images are received. When an assessment is performed of an 
echocardiographic image that is displayed on the Voluson family product user interface, the Voluson 
family products associate the echocardiographic image with a view category (pre-defined standard 
view).  
 
For example, the SonoLyst AI algorithm outputs a quality assessment value for each input 
echocardiographic image in the form of a traffic light quality status indicator that is displayed beneath 
the output image with respect to the pre-defined standard view. This dynamic visualization guides the 
sonologist: if the circle is gray, the DCNN has not yet detected all required cardiac anatomy, prompting 
the user to adjust the probe; yellow indicates partial improvement; and a green light means the target 
view is optimized and can be accepted or automatically captured. Importantly, the continuous feedback 
loop helps the operator understand how to get to a better image: if the quality indicator is not improving, 
the sonologist knows to adjust the probe angle or location (since the system may be signaling missing 
anatomy), or to alter a setting like gain (if the anatomy is present but image is too dim/bright). We 
understand that the target view can either be selected by the user or automatically selected by the 
SonoLyst AI algorithm, such as when the assessment moves on to the next target view within a 
predetermined sequence of views (e.g., Scan Assistant). In either case, the SonoLyst AI algorithm 
knows the target view under which the current image is being assessed and continuously and 
automatically detects whether the image is close to the target view. For example, SonoLystIR is part 
of the suite of AI tools and has an image recognition algorithm that determines whether an item linked 
to a SonoLyst image has an associated view (i.e., “a depending plane”) then displays the “view 
depending criteria” on the user interface. Because the SonoLyst AI algorithm knows to perform image 
assessment and displays information with respect to a target view, the Voluson family products 
“associate the first at least one echocardiographic image with a first view category of a plurality of 
predetermined echocardiographic image view categories.”  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
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See discussion with respect to 1[a] above. 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 
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Description of how independence of test data from training data was ensured:  
• The exams used for test/training validation purpose are separated from the ones used 

during training process and there is no overlap between the two.” 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 
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4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-10 to 7-13: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Further, Defendants’ SonoLyst AI software incorporates Intelligent Ultrasound’s ScanNav AI 
technology, and thus is based on ScanNav’s DCNN architecture and associated algorithms. See 
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https://polaris.brighterir.com/public/intelligent_ultrasound/news/rns/story/xq64o7r (“Intelligent 
Ultrasound (AIM: MED), the artificial intelligence (AI) based ultrasound software and simulation 
company, announces that GE Healthcare's Voluson SWIFT ultrasound machine that incorporates GE 
Healthcare’s SonoLyst software with Intelligent Ultrasound’s ScanNav Assist AI technology, has 
received 510(k) clearance from the FDA for sale in the USA.”). The ScanNav AI DCNN was 
developed using 479,322 images obtained from 48,161 routine mid-trimester scans. To train the 
system, experienced sonologists manually determined whether a subset of images was correct (high 
quality) for each of the 19 required fetal views (i.e., pre-defined standard views). The resulting 
algorithm was then assessed using a separate set of 38,840 test images obtained from 4,284 scans, 
where the image was scored as correct if 2 or more (out of 5) independent sonologists agreed with the 
image quality. ScanNav AI achieved a 92.2% standard deviation on image quality as compared to 
sonologists. Based on this training, the Voluson family products “associate the first at least one 
echocardiographic image with a first view category of a plurality of predetermined echocardiographic 
image view categories.”  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
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E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 

 
 

Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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T.G. Day et al., Artificial Intelligence to Assist in the Screening Fetal Anomaly Ultrasound Scan 
(PROMETHEUS): A Randomized Controlled Trial, medRxiv, at 41-42 (2024) (“Therefore, we 
devised a method to automatically regress a quality score for each image of each standard plane and 
presented the image with the highest predicted quality. We trained a CNN to predict the clinical 
quality of images classified as valid standard plane. This method could then be incorporated into the 
clustering step for future versions of the AI tool. 
 



 

44 

T.G. Day et al., Artificial Intelligence to Assist in the Screening Fetal Anomaly Ultrasound Scan 
(PROMETHEUS): A Randomized Controlled Trial, medRxiv, at 41-42 (2024) (“Standard plane 
classification We used the data and annotations described above to train an AI model to classify for 
fetal standard planes. We used the SonoNEXT architecture as previously described and trained it on 
the training labels described above, as well as ‘background’ frames corresponding to no standard 
plane. This classifier obtained >90% top-1 classification accuracy in the iFIND test dataset (taken 
from scans with trailing digit 8-9). We named this model SonoNEXT.”) 

1[c]: determine, based on 
the first at least one 
echocardiographic image 
and the first view category, 
a first quality assessment 
value representing a view 
category specific quality 
assessment of the first at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “determine, based on the first at least one 
echocardiographic image and the first view category, a first quality assessment value representing a 
view category specific quality assessment of the first at least one echocardiographic image.” 
 
The Voluson family products determine a view category-specific “first quality assessment value” by 
the SonoLyst AI algorithm that is trained with ideal echocardiographic images, for each cardiac view 
including the first view category, that have been associated with transducer position and labeled by 
expert sonologists for image quality and correctness. 
 
As described above for 1[b], each received image is assessed with respect to a target view. Based on a 
received image and the target view, the SonoLyst AI algorithm uses a neural network trained with 
quality related labels to compare the current image to the ideal image for the view category of the target 
view. The SonoLyst AI algorithm then outputs a quality assessment value for each input 
echocardiographic image in the form of a traffic light quality status indicator that is displayed beneath 
the output image with respect to the pre-defined standard view. SonoLyst AI defines its training process 
as a method for sorting and grading ultrasound images, where (i) sorting means categorizing an image 
into (i.e., predicting) the correct standard view and (ii) grading means scoring an image based on its 
correctness (accuracy of standard view prediction) and image quality.  
 
As discussed in 1[b] above, the SonoLyst AI algorithm was trained to automatically assess the quality 
of acquired ultrasound images by checking whether they adhere to the imaging protocols for pre-
defined standard views. Per the ’591 Patent, to determine a quality assessment value based on an image 
(and its view category) means to compute a quantitative measure of that image’s quality or adequacy 
for its particular view. See ’591 Patent, 14:58-15:7. For example, one grading criteria for the SonoLyst 
AI algorithm includes whether certain anatomical structures are present and visible for the image in 
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each view. The SonoLyst DCNN training images were used for quantitative evaluation which, in 
combination with the concepts of grading and scoring, indicate determining a quality assessment value 
that is used to display a traffic light quality status indicator (gray, yellow, or green) beneath the output 
image. A green status indicator communicates to the user that the detected view in the output image 
fully adheres to the protocol criteria for that pre-defined standard view. This is consistent with the ’591 
Patent, where a high quality assessment value denotes good positioning of the transducer and optimal 
image capture parameters. See ’591 Patent, 5:38-45 (“The operator may make such adjustments until 
a high quality assessment value is provided on the display 15, for example, at which point the operator 
may be confident that the echocardiographic images captured are suitable for subsequent quantified 
clinical measurement of anatomical features and/or to assist in diagnosing a medical condition or a 
characteristic of the heart.”). 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a] and 1[b] above. 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  
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Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
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Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
491 ScanNav® audit: an AI-powered screening assistant for fetal anatomical ultrasound, 
Mohammad Yaqub et al., American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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The grading criteria or values derived based on grading criteria (e.g., quantitative evaluation) can 
indicate quality. Answer ¶¶ 38-41. The ’591 Patent discloses that quality assessment values, used to 
train the neural network, can be derived from “features such as centering, depth, gain, axis, focus, 
frequency or another parameter optimization feature or image capture parameter.” ’591 Patent, 14:58-
15:1.  
 
UBC contends that the accused system literally satisfies this element but, to the extent Defendants do 
not literally infringe this claim element requiring determining a “quality assessment value,” Defendants 
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infringe this claim element under the doctrine of equivalents because the accused structure performs 
substantially the same function in substantially the same way to achieve substantially the same result. 
The function of determining a quality assessment value is to inform the operator when the probe is at 
an ideal position for capturing images for a given view and/or to have the system automatically capture 
images when the probe is in that position. The traffic light quality status indicator performs the same 
function because it turns green to inform the operator when the right view is detected and the image 
fully adheres to the required protocol. Further, it performs it in the same way—by determining whether 
the probe is at the ideal position for capturing an image for the relevant view category. Finally, the 
result is the same—the system guides the user to position the probe at the ideal position for capturing 
an image of that view and/or the system automatically captures an image at that position. Since the 
traffic light quality status indicator indicates the quality of the assessed ultrasound image, Defendants 
infringe any claim element including a “quality assessment value” under the doctrine of equivalents.  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a], 1[b], and 1[c] above. 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-6 to 7-9:  
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-13: 
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T.G. Day et al., Artificial Intelligence to Assist in the Screening Fetal Anomaly Ultrasound Scan 
(PROMETHEUS): A Randomized Controlled Trial, medRxiv, at 41-42 (2024) (“Therefore, we devised 
a method to automatically regress a quality score for each image of each standard plane and presented 
the image with the highest predicted quality. We trained a CNN to predict the clinical quality of images 
classified as valid standard plane. This method could then be incorporated into the clustering step for 
future versions of the AI tool. 
Quality dataset labelling  
 
We generated training datasets for each of our models from the outputs of the SonoNEXT standard-
plane detection model. We randomly selected a single image for each standard plane from the test set 
of the SonoNEXT model (n=1457 subjects). There was no pre-selection step: the random selection 
intentionally included SonoNEXT misclassifications and poor-quality views to be representative of the 
images that would be passed to the quality models during scanning. 
 
A set of objective clinical criteria were devised to evaluate the quality of each standard plane, decided 
by a committee of clinical experts. In addition to these criteria, we also asked labellers whether each 
image was overall “clinically acceptable”. We also asked them to rate the subjective quality of each 
image on a scale of 1-10. 
 
Quality model training 
 
We trained models using the same SonoNEXT architecture that we used for plane-classification to 
evaluate the quality of images. We modified the output layer to predict each feature that had been 
labelled for this standard plane, turning the network into a multitask classification network. We used 
cross-entropy as the loss function in training.”) 
 
T.G. Day et al., Artificial Intelligence to Assist in the Screening Fetal Anomaly Ultrasound Scan 
(PROMETHEUS): A Randomized Controlled Trial, medRxiv, at 42-43 (2024) (“Image scoring and 
presentation  
 
After each image for a standard plane was processed through our quality models, we selected 9 images 
to present to the sonographer to make a manual selection of the best one. To select the images to 
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present, we calculated two scores for each image, which we called the quality score and the diversity 
score. 
 
The quality score is a single score using a composite measure derived from the output vector for each 
image. Not all of the features labelled and predicted by the network are equally important: some should 
be given a higher weight when determining an image’s quality. To quantify the importance of each 
feature, we calculated a multivariate logistic regression to predict whether each image was rated 
“clinically acceptable” based on all the other labelled features. This had a predictive accuracy of >95% 
for all standard planes. The quality score was therefore a weighted sum of the predicted features, 
weighted by the regressed weights associated with that plane. Each image had a quality score calculated 
in this way. 
 
In a single scan, the images with the highest quality score are usually visually very similar to each 
other and are often consecutive frames acquired very close to each other. Presenting the images with 
the highest quality score for the sonographer to select from would only offer a very restricted choice. 
To address this, we added a diversity score, designed to be higher for images that are more different 
from those already presented…”) 
 
T.G. Day et al., Artificial Intelligence to Assist in the Screening Fetal Anomaly Ultrasound Scan 
(PROMETHEUS): A Randomized Controlled Trial, medRxiv, at 41-42 (2024) (“Standard plane 
classification We used the data and annotations described above to train an AI model to classify for 
fetal standard planes. We used the SonoNEXT architecture as previously described and trained it on 
the training labels described above, as well as ‘background’ frames corresponding to no standard plane. 
This classifier obtained >90% top-1 classification accuracy in the iFIND test dataset (taken from scans 
with trailing digit 8-9). We named this model SonoNEXT.”) 

1[d]: produce signals 
representing the first quality 
assessment value for 
causing the first quality 
assessment value to be 
associated with the first at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “produce signals representing the first quality 
assessment value for causing the first quality assessment value to be associated with the first at least 
one echocardiographic image.” 
 
The Voluson family products’ first quality assessment value, as discussed in claim 1[c] above, is 
represented on the user interface of the LCD monitor as a quality status indicator. The status indicator 
is a traffic light-style icon showing the quality of the current echocardiographic image (based on 
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grading criteria) relative to a known view category (i.e., pre-defined standard views). When the 
SonoLyst AI algorithm detects a diagnostic quality image, the status indicator turns green.  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a], 1[b], and 1[c] above. 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-6 to 7-9:  
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GE Healthcare, The Future is Now. How AI can Change the Practice of Obstetric Ultrasound. (Sep 
5, 2024), https://www.youtube.com/watch?v=6kFi6RNjqnE (demonstrating SonoLystlive 
functionality) 
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T.G. Day et. al., Video Clip Extraction From Fetal Ultrasound Scans Using Artificial Intelligence to 
Allow Remote Second Expert Review for Congenital Heart Disease, Prenatal Diagnosis, 2025, 45:531-
538, at 532-33 (Aug. 7, 2024) (“During the AI‐assisted scan, the novel AI tool was used. This takes as 
input every frame of the ultrasound scan video obtained by the sonographer, and automatically 
classified each frame into one of 13 standard image plane labels, or background. This included five 
cardiac planes (abdominal situs view, four-chamber view (4CH), left ventricular outflow tract view 
(LVOT), right ventricular outflow tract view (RVOT), and three vessel tracheal views (3VT)). This 
step was performed by the SonoNEXT model and is fully described in a separate publication [9], but 
briefly this model is a type of convolutional neural network, taking as input a single ultrasound image 
frame, and producing a prediction of the most likely standard image plane label. Each image was also 
automatically assigned a quality score. Again, full information on the quality scoring model is available 
in our previous publication [9], but briefly this is also a convolutional neural network, taking as input 
a single image and producing an output that is a predicted quality score on a continuous scale, also 
taking into account image diversity (to avoid multiple very similar images being selected as the best 
quality). Details of the development and performance of the AI models are described in the previous 



 

69 

publication [9]. The AI models were run in real time during the scans on a computer equipped with a 
graphical processing unit (Boxer‐8641AI, Aaeon Technology Inc., Taipei, Taiwan), which was 
connected to the ultrasound machine via a high‐definition multimedia interface (HDMI) connection. 
Information on AI model output was displayed to the sonographer via a tablet (iPad Air Fifth 
Generation, Apple Inc. Cupertino, United States of America). The tablet was connected to the computer 
via a Wi‐Fi connection.") 

1[e]: receive signals 
representing a second at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “receive signals representing a second at least one 
echocardiographic image.” 
 
As described with respect to 1[b], when the ultrasound probe of the Voluson family products is in use, 
the SonoLyst AI algorithm continuously receives new echocardiographic image data as the ultrasound 
probe is moved around. The step described in 1[a] can thus be repeated for a second echocardiographic 
image. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a], 1[b], 1[c], and 1[d] above. 
 
GE Healthcare, The Future is Now. How AI can Change the Practice of Obstetric Ultrasound. (Sep 
5, 2024), https://www.youtube.com/watch?v=6kFi6RNjqnE (demonstrating SonoLystlive 
functionality) 
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Excerpt from video transcript (9:58-10:34): “You do have the ability to set it to capture any 
number of images over here so you can see at the moment this system is set up to capture, I 
don't know how many, um up to three up but you can set it to capture just a single image or 
five depending on your hospital protocol. … For example, for the biometry measurements, it 
might ask for a number which is often three.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at  
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1[f]: associate the second at 
least one echocardiographic 
image with a second view 
category of the plurality of 
predetermined 
echocardiographic image 
view categories, said second 
view category being 
different from the first view 
category; 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “associate the second at least one echocardiographic 
image with a second view category of the plurality of predetermined echocardiographic image view 
categories, said second view category being different from the first view category.” 
 
The Voluson family products are configured to acquire a series of images (any one of which could be 
considered a “second” image) and associate them with different views (e.g., calculates the grading 
criteria for multiple view categories), any one of which could be considered a “second view category.”  
The system is also configured to allow the user to specify a different target view and, in that situation, 
will associate the second image with that view. In other words, the associating process step of claim 
1[b] is repeated for a newly acquired image with respect to a different second view category (e.g., a 
second target view). As described above for claim 1[b], because the SonoLyst AI algorithm knows to 
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perform image assessment and display information with respect to a target view, the Voluson family 
products “associate the second at least one echocardiographic image with a second view category of 
the plurality of predetermined echocardiographic image view categories, said second view category 
being different from the first view category.”  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a], 1[b], 1[c], 1[d], and 1[e] above. 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-10 to 7-13: 
“The Scan Assistant is a tool with guidelines for sonographers. It offers specific factory checklists 
containing the anatomical structures or organs to be examined in certain examinations and so prevents 
from missing important items. It is possible to customize these checklists and also to set up new lists. 
Additionally the Scan Assistant can be used to activate a specific measurement for an exam item as 
well as annotate, save or send the image for documentation purposes.” 
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1[g]: determine, based on 
the second at least one 
echocardiographic image 
and the second view 
category, a second quality 
assessment value 
representing a view 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “determine, based on the second at least one 
echocardiographic image and the second view category, a second quality assessment value 
representing a view category specific quality assessment of the second at least one echocardiographic 
image.” 
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category specific quality 
assessment of the second at 
least one echocardiographic 
image; and 

The Voluson family products are configured to determine grading criteria for all images captured. As 
discussed above, these values are “quality assessment” values for specific views. In other words, the 
determining step of claim 1[c] can be repeated for a newly acquired image with respect to a second 
view category. The plurality of possible second echocardiographic images is discussed above in 
limitations 1[e] and 1[f].  
 
UBC contends that the accused system literally satisfies this element but, to the extent Defendants do 
not literally infringe this claim element requiring a “quality assessment value,” Defendants infringe 
this claim element under the doctrine of equivalents because the accused structure performs 
substantially the same function in substantially the same way to achieve substantially the same result 
for the same reasons discussed above for 1[c]. For example, since the traffic light quality status 
indicator indicates the quality of the assessed ultrasound image by turning green when the probe is at 
an ideal position for capturing protocol adherent images for a given pre-defined standard view, 
Defendants infringe any claim element including a “quality assessment value” under the doctrine of 
equivalents. See claim 1[c]. 

1[h]: produce signals 
representing the second 
quality assessment value for 
causing the second quality 
assessment value to be 
associated with the second 
at least one 
echocardiographic image; 

The Voluson family products disclose a computer-implemented system for facilitating 
echocardiographic image analysis configured to “produce signals representing the second quality 
assessment value for causing the second quality assessment value to be associated with the second at 
least one echocardiographic image.” 
 
The Voluson family products are configured to acquire a series of images of various view categories 
and produce associated signals that are represented on the user interface of the LCD monitor as a traffic 
light quality status indicator. The deep neural network (SonoLyst AI algorithm) can, therefore, repeat 
the producing process discussed above in claim 1[d] for each acquired image. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a], 1[b], 1[c], 1[d], 1[e], 1[f], and 1[g] above.  
 

1[i]: wherein each of the 
plurality of predetermined 
echocardiographic image 
view categories is 

The Voluson family products disclose that “each of the plurality of predetermined echocardiographic 
image view categories is associated with a respective set of assessment parameters, each of the sets of 
assessment parameters being a set of neural network parameters that define a neural network having 
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associated with a respective 
set of assessment 
parameters, each of the sets 
of assessment parameters 
being a set of neural 
network parameters that 
define a neural network 
having a plurality of layers 
including an input layer 
configured to receive one or 
more echocardiographic 
images and an output layer 
configured to output one or 
more quality assessment 
values, and  

a plurality of layers including an input layer configured to receive one or more echocardiographic 
images and an output layer configured to output one or more quality assessment values.” 
 
The deep neural network (SonoLyst AI algorithm) has a plurality of predetermined echocardiographic 
image view categories, each of which are associated with a set of assessment parameters. Each of the 
sets of assessment parameters are associated with a view category and are neural network parameters 
that define a neural network (e.g., a neural network within a neural network) for that view. For example, 
the SonoLyst AI algorithm was trained on ideal (e.g., high quality) images for the view category of 
each target view, as identified by expert sonologists. The resulting SonoLyst AI algorithm uses a neural 
network trained with quality related labels to compare the current image to the ideal image. Thus, the 
SonoLyst AI algorithm involves sets of assessment parameters, each associated with a different fetal 
heart view category (e.g., 4CH/Thorax, LVOT, RVOT, and 3VV).  
 
The SonoLyst AI algorithm is a deep neural network having a plurality of layers including an input 
layer configured to receive echocardiographic images and an output layer configured to output quality 
assessment values (grading criteria). 
   
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a], 1[b], 1[c], 1[d], 1[e], 1[f], 1[g], 1[h] above. 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 
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… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  
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• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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T.G. Day et al., Artificial Intelligence to Assist in the Screening Fetal Anomaly Ultrasound Scan 
(PROMETHEUS): A Randomized Controlled Trial, medRxiv, at 41-42 (2024) (“Therefore, we 
devised a method to automatically regress a quality score for each image of each standard plane and 
presented the image with the highest predicted quality. We trained a CNN to predict the clinical 
quality of images classified as valid standard plane. This method could then be incorporated into the 
clustering step for future versions of the AI tool.”) 
 
UBC contends that the accused system literally satisfies this element but, to the extent Defendants do 
not literally infringe this claim element requiring a “quality assessment value,” Defendants infringe 
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this claim element under the doctrine of equivalents because the accused structure performs 
substantially the same function in substantially the same way to achieve substantially the same result 
for the same reasons discussed above for 1[c]. For example, the function of determining a quality 
assessment value is to inform the operator when the probe is at an ideal position for capturing images 
for a given view and/or to have the system automatically capture images when the probe is in that 
position.  The traffic light quality status indicator performs the same function because it turns green to 
inform the operator when the right view is detected and the image fully adheres to the required protocol. 
Further, it performs it in the same way—by determining whether the probe is at the ideal position for 
capturing an image for the relevant view category. Finally, the result is the same—the system guides 
the user to position the probe at the ideal position for capturing an image of that view and/or the system 
automatically captures an image at that position. Since the traffic light quality status indicator indicates 
the quality of the assessed ultrasound image,, Defendants infringe any claim element including a 
“quality assessment value” under the doctrine of equivalents. See claim 1[c]. 
 
Additionally, UBC contends that the accused system literally satisfies this element but, to the extent 
Defendants do not literally infringe this claim element requiring “each of the sets of assessment 
parameters being a set of neural network parameters that define a neural network,” Defendants infringe 
this claim element under the doctrine of equivalents because the accused structure performs 
substantially the same function in substantially the same way to achieve substantially the same result.  
The function of each of the sets of assessment parameters is to assess the quality of echocardiographic 
images with respect to a specific view category based on a trained neural network-based model. All 
parameters used to assess echocardiographic images with respect to a specific view category, including 
those from any layer involving a linear regression, perform the same function. Further, they perform 
the same function in the same way—by assessing an echocardiographic image based on parameters 
and providing intermediary values that lead to a grading criteria value. In this regard, all of the 
parameters used to assess echocardiographic images with respect to a specific view category are neural 
network parameters that define a neural network for assessing the image quality with respect to a 
specific view category.  Finally, the result is the same—echocardiographic images assessed using a set 
of assessment parameters associated with a view category results in a grading criteria value indicating 
the quality of an image with respect to that view category. Since all of the parameters used to assess 
echocardiographic images with respect to a specific view category provide parameters for a neural 
network-based model that outputs a grading criteria value, Defendants infringe this claim limitation 
literally or at least under the doctrine of equivalents. 
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1[j]: wherein the at least one 
processor is configured to 
determine the first quality 
assessment value by: 

determining that a first 
set of assessment 
parameters of the sets of 
assessment parameters is 
associated with the first 
view category; and 
in response to 
determining that the first 
set of assessment 
parameters is associated 
with the first view 
category, inputting the 
first at least one 
echocardiographic 
image into the neural 
network defined by the 
first set of assessment 
parameters; and 

The Voluson family products disclose that “at least one processor is configured to determine the first 
quality assessment value by: (i) determining that a first set of assessment parameters of the sets of 
assessment parameters is associated with the first view category; and (ii) in response to determining 
that the first set of assessment parameters is associated with the first view category, inputting the first 
at least one echocardiographic image into the neural network defined by the first set of assessment 
parameters.” 
 
The Voluson family products contain at least one processor configured to determine the first quality 
assessment value. See 1[pre]. The Voluson family products determine that a first set of assessment 
parameters is associated with the first view category. As described for claim 1[i], the SonoLyst AI 
algorithm includes sets of assessment parameters, each associated with a different view category. 
When determining the first quality assessment value with respect to the first view category (e.g., a 
target view to be displayed on the Voluson family products’ user interface, as described above for 
1[b]), the Voluson family products identify and thus determine the set of assessment parameters 
associated with the first view category. In response, the Voluson family products input the first 
echocardiographic image into the neural network that is defined by that set of assessment parameters 
associated with the first view category. Additionally and alternatively, during the training phase, the 
SonoLyst AI algorithm learns and determines sets of assessment parameters each associated with a 
view category, including a first set of assessment parameters associated with a first view category. In 
response to this determination, the SonoLyst AI algorithm inputs the first echocardiographic image 
into the neural network that is defined by the first set of assessment parameters associated with the first 
view category.  
 
For example, see the following passages and/or figures, as well as all related disclosures:   
 
See discussion with respect to 1[a], 1[b], 1[c], 1[d], 1[e], 1[f], 1[g], 1[h], and 1[i] above. 
 
Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-4: 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-21 to 5-22: 

 



 

94 

 
Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-23 to 5-25: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-6 to 7-9:  
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-10 to 7-13: 
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UBC contends that the accused system literally satisfies this element but, to the extent Defendants do 
not literally infringe this claim element requiring a “quality assessment value,” Defendants infringe 
this claim element under the doctrine of equivalents because the accused structure performs 
substantially the same function in substantially the same way to achieve substantially the same result 
for the same reasons discussed above for 1[c]. For example, since the traffic light quality status 
indicator indicates the quality of the assessed ultrasound image by turning green when the probe is at 
an ideal position for capturing protocol adherent images for a given pre-defined standard view, 
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Defendants infringe any claim element including a “quality assessment value” under the doctrine of 
equivalents. See claim 1[c]. 

1[k]: wherein the at least 
one processor is configured 
to determine the second 
quality assessment value by: 

(i) determining that a 
second set of assessment 
parameters of the sets of 
assessment parameters is 
associated with the 
second view category; 
and 
(ii) in response to 
determining that the 
second set of assessment 
parameters is associated 
with the second view 
category, inputting the 
second at least one 
echocardiographic image 
into the neural network 
defined by the second set 
of assessment parameters. 

The Voluson family products disclose that “at least one processor is configured to determine the 
second quality assessment value by: (i) determining that a second set of assessment parameters of the 
sets of assessment parameters is associated with the second view category; and (ii) in response to 
determining that the second set of assessment parameters is associated with the second view category, 
inputting the second at least one echocardiographic image into the neural network defined by the 
second set of assessment parameters.” 
 
The Voluson family products are configured to acquire a series of images of various view categories. 
The determining and inputting process steps of claim 1[j] can be repeated for a newly acquired image 
with respect to a second view category. The Voluson family products contain at least one processor 
configured to determine the first quality assessment value. See 1[pre]. The Voluson family products 
determine that a second set of assessment parameters is associated with the second view category. As 
described for claim 1[i], the SonoLyst AI algorithm includes sets of assessment parameters, each 
associated with a different view category. When determining the second quality assessment value, the 
Voluson family products identify and thus determine the set of assessment parameters associated with 
the second view category. In response, the Voluson family products input the second 
echocardiographic image into the neural network that is defined by the second set of assessment 
parameters associated with the second view category. The plurality of possible second 
echocardiographic images and assessment parameters sets is discussed above in limitations 1[e], 1[f], 
1[i], and 1[j].  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to 1[a], 1[b], 1[c], 1[d], 1[e], 1[f], 1[g], 1[h], 1[i], and 1[j] above. 
 
UBC contends that the accused system literally satisfies this element but, to the extent Defendants do 
not literally infringe this claim element requiring a “quality assessment value,” Defendants infringe 
this claim element under the doctrine of equivalents because the accused structure performs 
substantially the same function in substantially the same way to achieve substantially the same result 
for the same reasons discussed above for 1[c]. For example, since the traffic light quality status 
indicator indicates the quality of the assessed ultrasound image by turning green when the probe is at 
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an ideal position for capturing protocol adherent images for a given pre-defined standard view, 
Defendants infringe any claim element including a “quality assessment value” under the doctrine of 
equivalents. See claim 1[c]. 

’591 Claim 2 Voluson Family Products 

2: The system of claim 1 
wherein the first quality 
assessment value represents 
an assessment of suitability 
of the first at least one 
echocardiographic image 
for quantified clinical 
measurement of anatomical 
features and wherein the 
second quality assessment 
value represents an 
assessment of suitability of 
the second at least one 
echocardiographic image 
for quantified measurement 
of anatomical features. 

The Voluson family products disclose that “the first quality assessment value represents an assessment 
of suitability of the first at least one echocardiographic image for quantified clinical measurement of 
anatomical features and wherein the second quality assessment value represents an assessment of 
suitability of the second at least one echocardiographic image for quantified measurement of 
anatomical features.” 
 
As described in 1[c] and 1[i], the SonoLyst AI algorithm is trained with expert input based on training 
images and ideal probe position for each cardiac view. For any view, the trained SonoLyst AI algorithm 
outputs a grading criteria that indicates how far the current probe position is from the ideal probe 
position, and thus whether the assessed echocardiographic image is high quality for that view. The 
SonoLyst AI algorithm is configured to receive a series of images of various view categories, and thus 
each quality assessment value output by the SonoLyst AI algorithm represents an assessment of 
suitability of the first at least one echocardiographic image for quantified clinical measurement of 
anatomical features. See 1[c].  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
See discussion with respect to claim 1[c] above. 
 

SonoLyst product page, https://www.gehealthcare.com/products/ultrasound/voluson/sonolyst 
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SonoLyst product page, https://www.gehealthcare.com/products/ultrasound/voluson/sonolyst 
(showing Measurements functionality on upper righthand side and diagnostic clinical standard 
criteria for the view category at bottom right) 
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Voluson Expert 22 Product Page, https://www.gehealthcare.ca/en-
ca/products/ultrasound/voluson/voluson-expert22/workflow-efficiency  
 

 
 

Voluson Expert 18 Brochure (Aug 2023) at 5: 

 

 

SonoLyst Second & Third Trimester product page, https://womens-health.net/clinical-
specialty/second-third-trimester/sonolyst  
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 1-4 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 5-23 

 



 

115 

Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. For example, since the traffic light quality status indicator indicates the 
quality of the assessed ultrasound image by turning green when the probe is at an ideal position for 
capturing protocol adherent images for a given pre-defined standard view, Defendants infringe any 
claim element including a “quality assessment value” under the doctrine of equivalents. See claim 1[c]. 

’591 Claim 3 Voluson Family Products 

3: The system of claim 1 
wherein the at least one 
processor is configured to: 

produce signals for 
causing a representation 
of the first quality 
assessment value to be 
transmitted to at least one 
display for causing the at 
least one display to 

The Voluson family products disclose a processor configured to “produce signals for causing a 
representation of the first quality assessment value to be transmitted to at least one display for causing 
the at least one display to display the first quality assessment value in association with the first at least 
one echocardiographic image, to assist one or more operators of an echocardiographic device in 
capturing at least one subsequent echocardiographic image” and “produce signals for causing a 
representation of the second quality assessment value to be transmitted to the at least one display for 
causing the at least one display to display the second quality assessment value in association with the 
second at least one echocardiographic image, to assist the one or more operators in capturing at least 
one subsequent echocardiographic image.” 
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display the first quality 
assessment value in 
association with the first 
at least one 
echocardiographic image, 
to assist one or more 
operators of an 
echocardiographic device 
in capturing at least one 
subsequent 
echocardiographic image; 
and  
produce signals for 
causing a representation 
of the second quality 
assessment value to be 
transmitted to the at least 
one display for causing 
the at least one display to 
display the second quality 
assessment value in 
association with the 
second at least one 
echocardiographic image, 
to assist the one or more 
operators in capturing at 
least one subsequent 
echocardiographic image. 

The Voluson family products include at least one processor. See claim 1[pre]. 
 
See 1[d] and 1[h]. The Voluson family products’ first quality assessment value is represented on the 
user interface of the LCD monitor as a traffic light quality status indicator. The status indicator is a 
traffic light-style icon showing the quality of the current echocardiographic image (based on grading 
criteria) relative to a known view category (i.e., pre-defined standard views). When the operator scans 
the first view and the SonoLyst AI algorithm detects a diagnostic quality image, the status indicator 
turns green. This directly assists the operator in capturing subsequent images. For example, if the first 
view is unsatisfactory (i.e., the status indicator is gray or yellow), the operator knows to keep adjusting 
the probe before moving on. Once the image is acceptable, SonoLystlive captures it and the operator 
moves to the next view, guided again by the quality display for the second view. 
 
The Voluson family products are configured to acquire a series of images of various view categories 
and thus the producing process step of claim 1[d] can be repeated for a newly acquired image.  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-4: 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-21 to 5-22: 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-23 to 5-25: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2: 

 



 

128 

 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-6 to 7-9:  
 



 

129 

 
 



 

130 
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GE Healthcare, The Future is Now. How AI can Change the Practice of Obstetric Ultrasound. (Sep 
5, 2024), https://www.youtube.com/watch?v=6kFi6RNjqnE (demonstrating SonoLystlive 
functionality) 
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To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. For example, since the traffic light quality status indicator indicates the 
quality of the assessed ultrasound image by turning green when the probe is at an ideal position for 
capturing protocol adherent images for a given pre-defined standard view, Defendants infringe any 
claim element including a “quality assessment value” under the doctrine of equivalents. See claim 1[c].  

’591 Claim 4 Voluson Family Products 

4: The system of claim 1 
wherein the at least one 
processor is configured to: 

apply one or more view 
categorization functions 
to the first at least one 

The Voluson family products discloses that the processor is configured to “apply one or more view 
categorization functions to the first at least one echocardiographic image to determine that the first at 
least one echocardiographic image falls within the first view category” and “apply one or more view 
categorization functions to the second at least one echocardiographic image to determine that the 
second at least one echocardiographic image falls within the second view category.” 
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echocardiographic image 
to determine that the first 
at least one 
echocardiographic image 
falls within the first view 
category; and 
apply one or more view 
categorization functions 
to the second at least one 
echocardiographic image 
to determine that the 
second at least one 
echocardiographic image 
falls within the second 
view category. 

The Voluson family products apply view categorization functions (i.e., algorithms or AI models) to the 
acquired images to determine whether the detected features in the image fall within the current view 
category. Specifically, SonoLyst AI uses a trained classification neural network on the image frames. 
As described above for 1[b], the SonoLyst AI algorithm repeatedly evaluates and displays information 
indicating quality of the current image with respect to a specific view as new images are received. For 
example, the Voluson family user interface displays a traffic light quality status indicator (based on 
grading criteria) with respect to a target view that can be detected automatically. This process can be 
repeated for multiple views (e.g., the first and second view categories). 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
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2. The images were sorted and graded by SonoLyst. This process resulted in some images 
being reclassified during sorting. 

3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 
by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
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… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-10 to 7-13: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
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images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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GE Healthcare, The Future is Now. How AI can Change the Practice of Obstetric Ultrasound. (Sep 
5, 2024), https://www.youtube.com/watch?v=6kFi6RNjqnE (demonstrating SonoLystlive 
functionality) 
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’591 Claim 5 Voluson Family Products 

5: The system of claim 1 
wherein the first at least one 
echocardiographic image 
comprises a plurality of 
echocardiographic images 
and wherein the at least one 
processor is configured to 
determine the first quality 
assessment value by 
determining a single quality 
assessment value 
representing a view 

The Voluson family products disclose a computer-implemented system “wherein the first at least 
one echocardiographic image comprises a plurality of echocardiographic images and wherein the at 
least one processor is configured to determine the first quality assessment value by determining a 
single quality assessment value representing a view category specific assessment of the plurality of 
echocardiographic images.”  
 
See also claim 1[pre] and 1[j] regarding the Voluson family products’ at least one processor. 
 
See claim 1 generally regarding a plurality of echocardiographic images.  
 
See claim 1[c] regarding determining a view category specific quality assessment value.  
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category specific 
assessment of the plurality 
of echocardiographic 
images. 

The Voluson family products are configured to acquire a series of images of various view categories 
and can also obtain video clips, which are a sequence of images (e.g., frames). As described for 1[c], 
the SonoLyst AI algorithm can determine a first quality assessment value for an echocardiographic 
image. Similarly, the SonoLyst AI algorithm can determine a first quality assessment value based on 
multiple images, such as a short cine loop or multiple frames. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
GE Healthcare, The Future is Now. How AI can Change the Practice of Obstetric Ultrasound. (Sep 
5, 2024), https://www.youtube.com/watch?v=6kFi6RNjqnE (demonstrating SonoLystlive 
functionality) 
 

 
 
Excerpt from video transcript (9:58-10:34): “You do have the ability to set it to capture any 
number of images over here so you can see at the moment this system is set up to capture, I 
don't know how many, um up to three up but you can set it to capture just a single image or 
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five depending on your hospital protocol. … For example, for the biometry measurements, it 
might ask for a number which is often three.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at  
 

 

 



 

155 

 



 

156 

 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 
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… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  
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• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
491 ScanNav® audit: an AI-powered screening assistant for fetal anatomical ultrasound, 
Mohammad Yaqub et al., American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. For example, since the traffic light quality status indicator indicates the 
quality of the assessed ultrasound image by turning green when the probe is at an ideal position for 
capturing protocol adherent images for a given pre-defined standard view, Defendants infringe any 
claim element including a “quality assessment value” under the doctrine of equivalents. See claim 1[c]. 
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’591 Claim 6 Voluson Family Products 

6: The system of claim 1 
wherein each of the sets of 
assessment parameters 
includes: 

a set of common 
assessment parameters, 
which are common to 
each of the sets of 
assessment parameters; 
and 
a set of view category 
specific assessment 
parameters, which are 
unique to the set of 
assessment parameters. 

The Voluson family products disclose a computer-implemented system “wherein each of the sets of 
assessment parameters includes: a set of common assessment parameters, which are common to each 
of the sets of assessment parameters; and a set of view category specific assessment parameters, which 
are unique to the set of assessment parameters.” 
 
The SonoLyst AI algorithm involves common assessment parameters corresponding to non-view 
category specific layers, and view category specific assessment parameters corresponding to view 
category specific layers. Each neural network defined by one of the sets of assessment parameters (e.g., 
a neural network within a neural network) thus includes a set of the common assessment parameters 
and a set of view category specific parameters of the SonoLyst AI algorithm. See claim 1[i] regarding 
the Voluson family products view category specific assessment parameters, which are unique to the 
set of assessment parameters. SonoLyst AI knows the present view and applies the appropriate 
assessment parameters for that view. For example, once SonoLystIR identifies that it is in a 4CH view, 
SonoLystX will use the 4CH quality model or parameters to score the image. If the next image is a 
3VV view, the system will use the 3VV quality model or parameters. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
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Information about equipment and protocols used to collect images. 
• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 

of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  
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• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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’591 Claim 7 Voluson Family Products 

7: The system of claim 1 
wherein the at least one 
processor is configured to 
train the neural networks 
by: 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is configured to train the neural networks by: receiving signals representing a plurality of 
echocardiographic training images, each of the plurality of echocardiographic training images 
associated with one of the plurality of predetermined echocardiographic image view categories; 
receiving signals representing respective expert quality assessment values representing view 
category specific quality assessments of the plurality of echocardiographic training images, each of 
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receiving signals 
representing a plurality of 
echocardiographic training 
images, each of the plurality 
of echocardiographic 
training images associated 
with one of the plurality of 
predetermined 
echocardiographic image 
view categories; 
receiving signals 
representing respective 
expert quality assessment 
values representing view 
category specific quality 
assessments of the plurality 
of echocardiographic 
training images, each of the 
expert quality assessment 
values provided by an 
expert echocardiographer 
and associated with one of 
the plurality of 
echocardiographic training 
images; and 
training the neural networks 
using the plurality of 
echocardiographic training 
images as inputs and the 
associated expert quality 
assessment values as 
desired outputs to determine 
the sets of neural network 

the expert quality assessment values provided by an expert echocardiographer and associated with 
one of the plurality of echocardiographic training images; and training the neural networks using 
the plurality of echocardiographic training images as inputs and the associated expert quality 
assessment values as desired outputs to determine the sets of neural network parameters defining the 
neural networks.” 
 
See claims 1[pre] and 1[j], which show that the Voluson family products include at least one 
processor. 
 
See claim 1[c] and 1[i] regarding the deep neural network training process. The Voluson family 
products train the SonoLyst AI algorithm with ideal echocardiographic images that have been 
associated with transducer position and labeled by expert sonologists for image quality and correctness. 
The SonoLyst AI algorithm is also trained to estimate the four (4) diagnostic view categories of the 
fetal heart (e.g., 4CH/Thorax, LVOT, RVOT, and 3VV). Therefore, each echocardiographic training 
image is associated with a predetermined image view category.  
 
The deep neural network (SonoLyst AI algorithm) has a plurality of layers including an input layer 
configured to receive echocardiographic images and an output layer configured to output quality 
assessment values. Because the images are labeled and annotated with associated expert quality 
assessment values during the training process, the associated expert quality assessment values (i.e., 
ideal probe position) are the desired outputs. See claim 1[i]. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 



 

173 

parameters defining the 
neural networks. 

• The number of samples, if different from above, and the relationship between the two: 
SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  
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• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
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(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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’591 Claim 8 Voluson Family Products 

8: The system of claim 7 
wherein each of the expert 
quality assessment values 
represents an assessment of 
suitability of the associated 
echocardiographic image 

The Voluson family products discloses a computer-implemented system “wherein each of the expert 
quality assessment values represents an assessment of suitability of the associated echocardiographic 
image for quantified clinical measurement of anatomical features.” 
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for quantified clinical 
measurement of anatomical 
features. 

See claims 1[i] and 7 regarding the deep neural network training process using expert quality 
assessment values. As shown above for claims 1[i] and 7, the expert quality assessment values indicate 
anatomically correct images for specific views and higher diagnostic quality. 
 
See claim 2 regarding suitability for quantified clinical measurement of anatomical features. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
Voluson Expert 22 Product Page, https://www.gehealthcare.ca/en-
ca/products/ultrasound/voluson/voluson-expert22/workflow-efficiency  
 

 
 
Voluson Expert 18 Brochure (Aug 2023) at 5: 
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SonoLyst Second & Third Trimester product page, https://womens-health.net/clinical-
specialty/second-third-trimester/sonolyst  

 

 

Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 1-4 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 5-23 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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195 
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SonoLyst product page, https://www.gehealthcare.com/products/ultrasound/voluson/sonolyst 

 
 
SonoLyst product page, https://www.gehealthcare.com/products/ultrasound/voluson/sonolyst 
(showing Measurements functionality on upper righthand side and diagnostic clinical standard 
criteria for the view category at bottom right) 
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’591 Claim 9 Voluson Family Products 

9: The system of claim 7 
wherein the at least one 
processor is configured to 
derive each of the expert 
quality assessment values at 
least in part from a clinical 
plane assessment value 
representing an expert 
opinion whether the 
associated 
echocardiographic training 
image was taken in an 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is configured to derive each of the expert quality assessment values at least in part from a 
clinical plane assessment value representing an expert opinion whether the associated 
echocardiographic training image was taken in an anatomical plane suitable for quantified clinical 
measurement of anatomical features.” 
 
See claims 1[i] and 7 regarding the deep neural network training process using expert quality 
assessment values. 
 
See claim 2 regarding suitability for quantified clinical measurement of anatomical features.  
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anatomical plane suitable 
for quantified clinical 
measurement of anatomical 
features. 

An echocardiogram involves imaging along a variety of 2D anatomical planes of the heart. ’591 Patent, 
9:1-12. Since the SonoLyst AI algorithm is trained based on the ideal probe position for the standard 
diagnostic views as shown above for claim 1[i], the expert quality assessment values are derived at 
least in part from an expert opinion about whether the associated echocardiographic training image 
was taken in an anatomical plane suitable for quantified clinical measurement of anatomical features. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
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system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  



 

200 

2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 
process resulted in some images being reclassified during sorting.  

3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 
by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
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(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 



 

209 

 
E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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’591 Claim 10 Voluson Family Products 

10: The system of claim 7 
wherein each of the sets of 
neural network parameters 
includes: 
(i) a set of common neural 
network parameters, which 

The Voluson family products disclose a computer-implemented system “wherein each of the sets of 
neural network parameters includes: (i) a set of common neural network parameters, which are 
common to each of the sets of neural network parameters; and (i) a set of view category specific neural 
network parameters, which are unique to the set of neural network parameters; and (iii) wherein the 
at least one processor is configured to, for each echocardiographic training image: (a) select one of 
the sets of view category specific neural network parameters based on the predetermined 
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are common to each of the 
sets of neural network 
parameters; and 
(i) a set of view category 
specific neural network 
parameters, which are 
unique to the set of neural 
network parameters; and 
(iii) wherein the at least one 
processor is configured to, 
for each echocardiographic 
training image: 
(a) select one of the sets of 
view category specific 
neural network parameters 
based on the predetermined 
echocardiographic image 
view category associated 
with the echocardiographic 
training image; and 
(b) using the 
echocardiographic training 
image as an input and the 
associated expert quality 
assessment values as a 
desired output, train a 
neural network defined by 
the set of common neural 
network parameters and the 
selected one of the sets of 
view category specific 
neural network parameters 
to update the set of common 

echocardiographic image view category associated with the echocardiographic training image; and 
(b) using the echocardiographic training image as an input and the associated expert quality 
assessment values as a desired output, train a neural network defined by the set of common neural 
network parameters and the selected one of the sets of view category specific neural network 
parameters to update the set of common neural network parameters and the selected one of the sets of 
view category specific neural network parameters.” 
 
See claims 1[pre] and 1[j], which show that the Voluson family products include at least one processor. 
 
See claim 1[i] and 6 regarding the disclosure of the sets of assessment parameters that are neural 
network parameters, common assessment parameters that are common neural network parameters, and 
view category specific assessment parameters that are neural network parameters, which are unique to 
the sets of neural network parameters.  
 
See claim 1[c] regarding the deep neural network training process. The Voluson family products train 
the SonoLyst AI algorithm with ideal echocardiographic images, for each cardiac view, that have been 
associated with transducer position and labeled by expert sonologists for image quality and correctness. 
The SonoLyst AI algorithm is also trained to estimate the four (4) diagnostic view categories of the 
fetal heart (e.g., 4CH/Thorax, LVOT, RVOT, and 3VV). Therefore, each echocardiographic training 
image is associated with a predetermined image view category.  
 
The deep neural network (SonoLyst AI algorithm) has a plurality of layers including an input layer 
configured to receive echocardiographic images and an output layer configured to output quality 
assessment values. Because the training images are labeled and annotated with associated expert 
quality assessment values during the training process, the associated expert quality assessment values 
(i.e., grading criteria) are the desired outputs. As the SonoLyst AI algorithm is trained with the expert-
labelled training images, the neural network parameters are iteratively refined and updated to better 
predict how to acquire high-quality image for specific views.  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 
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neural network parameters 
and the selected one of the 
sets of view category 
specific neural network 
parameters. 

“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 
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FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
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(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. For example, since the traffic light quality status indicator indicates the 
quality of the assessed ultrasound image by turning green when the probe is at an ideal position for 
capturing protocol adherent images for a given pre-defined standard view, Defendants infringe any 
claim element including a “quality assessment value” under the doctrine of equivalents. See claim 1[c]. 
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’591 Claim 11 Voluson Family Products 

11[pre]: A computer-
implemented system for 
training neural networks to 
facilitate echocardiographic 
image analysis, the system 
comprising at least one 
processor configured to: 

The Voluson family products discloses “[a] computer-implemented system for training neural 
networks to facilitate echocardiographic image analysis, the system comprising at least one 
processor.”  
 
See claim 1[pre] regarding how the Voluson family products are computer-implemented and include 
at least one processor.  
 
See claim 1[c] and 1[i] regarding how the Voluson family products are a system for training neural 
networks to facilitate echocardiographic image analysis. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  
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Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
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For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
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(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-4: 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-21 to 5-22: 
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Voluson Expert Series Service Manual Rev 6 (Aug 2024) at 5-23 to 5-25: 
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11[a]: receive signals 
representing a plurality of 
echocardiographic training 
images, each of the plurality 
of echocardiographic 
training images associated 
with one of a plurality of 
predetermined 
echocardiographic image 
view categories; 

The Voluson family products disclose a computer-implemented system comprising at least one 
processor that “receive[s] signals representing a plurality of echocardiographic training images, each 
of the plurality of echocardiographic training images associated with one of a plurality of 
predetermined echocardiographic image view categories.” 
 
See claim 1[pre] regarding how the Voluson family products are computer-implemented and include 
at least one processor. 
 
See claims 1[a] and 1[b] regarding the receiving and associating process steps. 
 
See also claim 1[c] regarding the deep neural network training process. The Voluson family products 
train the SonoLyst AI algorithm with ideal echocardiographic images that have been associated with 
transducer position and labeled by expert sonologists for image quality and correctness, per each 
cardiac view. The SonoLyst AI algorithm is also trained to estimate the four (4) diagnostic view 
categories of the fetal heart (e.g., 4CH/Thorax, LVOT, RVOT, and 3VV). Therefore, each 
echocardiographic training image is associated with a predetermined image view category. 
 
For example, see the following passages and/or figures, as well as all related disclosures:  

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 
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• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  
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• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
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(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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11[b]: receive signals 
representing expert quality 
assessment values 
representing view category 
specific quality assessments 
of the plurality of 
echocardiographic training 
images, each of the expert 

The Voluson family products disclose a computer-implemented system comprising at least one 
processor that “receive[s] signals representing expert quality assessment values representing view 
category specific quality assessments of the plurality of echocardiographic training images, each of 
the expert quality assessment values provided by an expert echocardiographer and associated with 
one of the plurality of echocardiographic training images.” 
 
See claim 1[pre] regarding how the Voluson family products are computer-implemented and include 
at least one processor. 
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quality assessment values 
provided by an expert 
echocardiographer and 
associated with one of the 
plurality of 
echocardiographic training 
images; and 

 
See discussion with respect to 11[a] above regarding the receiving and associating process steps. 
 
See also claim 1[c] regarding how view category specific quality assessments are provided by expert 
echocardiographers as part of the deep neural network training process. 
 
For example, see the following passages and/or figures, as well as all related disclosures: 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
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system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  



 

268 

2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 
process resulted in some images being reclassified during sorting.  

3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 
by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 
(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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11[c]: train the neural 
networks using the plurality 
of echocardiographic 
training images and the 
associated expert quality 
assessment values to 
determine sets of neural 
network parameters 

The Voluson family products disclose a computer-implemented system that comprises at least one 
processor that “train[s] the neural networks using the plurality of echocardiographic training images 
and the associated expert quality assessment values to determine sets of neural network parameters 
defining the neural networks, at least a portion of each of said neural networks associated with one of 
the plurality of predetermined echocardiographic image view categories.” 
 
See claim 1[pre] regarding how the Voluson family products are computer-implemented and include 
at least one processor. 
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defining the neural 
networks, at least a portion 
of each of said neural 
networks associated with 
one of the plurality of 
predetermined 
echocardiographic image 
view categories; 

 
See claim 1[c] and 1[i] regarding training of the SonoLyst AI algorithm and how view category specific 
quality assessments are provided by expert echocardiographers as part of the deep neural network 
training process. Training of the SonoLyst AI algorithm results in determination of sets of neural 
network parameters defining the neural networks (e.g., neural networks within a neural network). As 
discussed above for claim [i], each of the neural networks include view category specific neural 
network parameters, and thus at least a portion of each of the neural networks are associated with a 
view category from the ten standard views used for training the SonoLyst AI algorithm. 
 
For example, see the following passages and/or figures, as well as all related disclosures:  

FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 
 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
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2. The images were sorted and graded by SonoLyst. This process resulted in some images 
being reclassified during sorting. 

3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 
by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 

 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
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… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were reviewed 
by a 5-sonographer review panel, in order to determine the grading accuracy of the 
system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
 

 



 

275 

 



 

276 

 



 

277 

 

 



 

278 

 



 

279 

 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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Yangdi Xu et al., Simulating realistic fetal neurosonography images with appearance and growth 
change using cycle-consistent adversarial networks and an evaluation, Journal of Medical Imaging 



 

282 

(Sep∕Oct 2020), Vol. 7(5) at 4: “ScanNav® (Intelligent Ultrasound Ltd., Milton Park, Abingdon, 
United Kingdom) is a pre-commercial deep learning-based automatic image analysis software 
application that assesses the quality of second-trimester scans according to the UK FASP guidelines. 
It is able to accurately detect different structures of a standard plane in large scale. It had been designed 
and trained by analzsing thousands of clinical second-trimester ultrasound images to label and grade 
images. Details of the underpinning algorithms and data used to build the quality assessment model 
are proprietary. However, we assume that the quality of software-derived annotation labels is at the 
same level as a typical experienced sonographer. This assumption is confirmed to be valid for our data 
later in this article. Under this assumption, ScanNav® is treated as equivalent to an experienced 
sonographer in ultrasound image classifications. It can assess and compare hundreds of real and 
simulated second-trimester scans efficiently and quickly (which is something that is tedious and costly 
to achieve if the task is performed by human experts).” 
 
E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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11[d]: wherein the at least 
one processor is further 
configured to, once the 
neural networks are trained:  

receive signals 
representing a first at 
least one 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained: receive signals representing 
a first at least one echocardiographic image.” 
 
See claim 1[pre], 1[a], and 11[pre].  
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echocardiographic 
image; 

11[e]: associate the first at 
least one echocardiographic 
image with a first view 
category of a plurality of 
predetermined 
echocardiographic image 
view categories; 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained…associate the first at least 
one echocardiographic image with a first view category of a plurality of predetermined 
echocardiographic image view categories.” 
 
See claim 1[b]. 
 

11[f]: determine, based on 
the first at least one 
echocardiographic image 
and the first view category, 
a first quality assessment 
value representing a view 
category specific quality 
assessment of the first at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained…determine, based on the first 
at least one echocardiographic image and the first view category, a first quality assessment value 
representing a view category specific quality assessment of the first at least one echocardiographic 
image.” 
 
See claim 1[c]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 

11[g]: produce signals 
representing the first quality 
assessment value for 
causing the first quality 
assessment value to be 
associated with the first at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained…produce[s] signals 
representing the first quality assessment value for causing the first quality assessment value to be 
associated with the first at least one echocardiographic image.” 
 
See claim 1[d]. 

11[h]: receive signals 
representing a second at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained…receive signals representing 
a second at least one echocardiographic image.” 
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See claim 1[e]. 
 
 

11[i]: associate the second 
at least one 
echocardiographic image 
with a second view category 
of the plurality of 
predetermined 
echocardiographic image 
view categories, said second 
view category being 
different from the first view 
category; 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained…associate the second at least 
one echocardiographic image with a second view category of the plurality of predetermined 
echocardiographic image view categories, said second view category being different from the first 
view category.” 
 
 
See claim 1[f]. 
 

11[j]: determine, based on 
the second at least one 
echocardiographic image 
and the second view 
category, a second quality 
assessment value 
representing a view 
category specific quality 
assessment of the second at 
least one echocardiographic 
image; and 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained…determine, based on the 
second at least one echocardiographic image and the second view category, a second quality 
assessment value representing a view category specific quality assessment of the second at least one 
echocardiographic image.” 
 
 
See claim 1[g]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
 

11[k]: produce signals 
representing the second 
quality assessment value for 
causing the second quality 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is further configured to, once the neural networks are trained…produce signals representing 
the second quality assessment value for causing the second quality assessment value to be associated 
with the second at least one echocardiographic image.” 
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assessment value to be 
associated with the second 
at least one 
echocardiographic image; 

 
See claim 1[h]. 
 

11[l]: wherein each of the 
plurality of predetermined 
echocardiographic image 
view categories is 
associated with a respective 
set of assessment 
parameters, each of the sets 
of assessment parameters 
being a set of neural 
network parameters that 
define a neural network 
having a plurality of layers 
including an input layer 
configured to receive one or 
more echocardiographic 
images and an output layer 
configured to output one or 
more quality assessment 
values, and 

The Voluson family products disclose a computer-implemented system “wherein each of the plurality 
of predetermined echocardiographic image view categories is associated with a respective set of 
assessment parameters, each of the sets of assessment parameters being a set of neural network 
parameters that define a neural network having a plurality of layers including an input layer 
configured to receive one or more echocardiographic images and an output layer configured to output 
one or more quality assessment values.” 
 
See claim 1[i]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value” and “each of the sets of assessment parameters being a set of neural network parameters that 
define a neural network,” Defendants infringe this claim element under the doctrine of equivalents 
because the accused structure performs substantially the same function in substantially the same way 
to achieve substantially the same result. See claim 1[c] and 1[i]. 
 

11[m]: wherein the at least 
one processor is configured 
to determine the first quality 
assessment value by: 

(i) determining that a 
first set of assessment 
parameters of the sets of 
assessment parameters is 
associated with the first 
view category; and 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is configured to determine the first quality assessment value by: (i) determining that a first 
set of assessment parameters of the sets of assessment parameters is associated with the first view 
category; and (ii) in response to determining that the first set of assessment parameters is associated 
with the first view category, inputting the first at least one echocardiographic image into the neural 
network defined by the first set of assessment parameters.” 
 
See claim 1[j]. 
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(ii) in response to 
determining that the first 
set of assessment 
parameters is associated 
with the first view 
category, inputting the 
first at least one 
echocardiographic 
image into the neural 
network defined by the 
first set of assessment 
parameters; and 

To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
 

11[n]: wherein the at least 
one processor is configured 
to determine the second 
quality assessment value by: 

(i) determining that a 
second set of assessment 
parameters of the sets of 
assessment parameters is 
associated with the 
second view category; 
and 
(ii) in response to 
determining that the 
second set of assessment 
parameters is associated 
with the second view 
category, inputting the 
second at least one 
echocardiographic 
image into the neural 
network defined by the 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is configured to determine the second quality assessment value by: (i) determining that a 
second set of assessment parameters of the sets of assessment parameters is associated with the second 
view category; and (ii) in response to determining that the second set of assessment parameters is 
associated with the second view category, inputting the second at least one echocardiographic image 
into the neural network defined by the second set of assessment parameters.” 
 
See claim 1[k]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
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second set of assessment 
parameters. 

’591 Claim 12 Voluson Family Products 

12: The system of claim 11 
wherein each of the expert 
quality assessment values 
represents an assessment of 
suitability of the associated 
echocardiographic image 
for quantified clinical 
measurement of anatomical 
features. 

The Voluson family products disclose a computer-implemented system “wherein each of the expert 
quality assessment values represents an assessment of suitability of the associated echocardiographic 
image for quantified clinical measurement of anatomical features.” 
 
See claims 1[c], 1[i], and 7 regarding the deep neural network training process using expert quality 
assessment values. 
 
See claim 2 regarding suitability for quantified clinical measurement of anatomical features. 
 
 

’591 Claim 13 Voluson Family Products 

13: The system of claim 11 
wherein the at least one 
processor is configured to 
derive each of the expert 
quality assessment values at 
least in part from a clinical 
plane assessment value 
representing an expert 
opinion whether the 
associated 
echocardiographic training 
image was taken in an 
anatomical plane suitable 
for a quantified clinical 
measurement of anatomical 
features. 

The Voluson family products disclose a computer-implemented system “wherein the at least one 
processor is configured to derive each of the expert quality assessment values at least in part from a 
clinical plane assessment value representing an expert opinion whether the associated 
echocardiographic training image was taken in an anatomical plane suitable for a quantified clinical 
measurement of anatomical features.” 
 
See claim 2 regarding suitability for quantified clinical measurement of anatomical features. An 
echocardiogram involves imaging along a variety of 2D anatomical planes of the heart. ’591 Patent, 
9:1-12. Since the SonoLyst AI algorithm is trained based on the ideal probe position for the standard 
diagnostic views as shown above for claim 1[i], the expert quality assessment values are derived at 
least in part from an expert opinion about whether the associated echocardiographic training image 
was taken in an anatomical plane suitable for quantified clinical measurement of anatomical features. 
See claim 9. 

’591 Claim 14 Voluson Family Products 
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14: The system of claim 11 
wherein each of the sets of 
neural network parameters 
includes: 
a set of common neural 
network parameters, which 
are common to each of the 
sets of neural network 
parameters; and 
a set of view category 
specific neural network 
parameters, which are 
unique to the set of neural 
network parameters; and 
wherein the at least one 
processor is configured to, 
for each echocardiographic 
training image: 
select one of the sets of 
view category specific 
neural network parameters 
based on the predetermined 
echocardiographic image 
view category associated 
with the echocardiographic 
training image; and 
using the echocardiographic 
training image as an input 
and the associated expert 
quality assessment value as 
a desired output, train a 
neural network defined by 
the set of common neural 

The Voluson family products disclose a computer-implemented system “wherein each of the sets of 
neural network parameters includes: a set of common neural network parameters, which are common 
to each of the sets of neural network parameters; and a set of view category specific neural network 
parameters, which are unique to the set of neural network parameters; and wherein the at least one 
processor is configured to, for each echocardiographic training image: select one of the sets of view 
category specific neural network parameters based on the predetermined echocardiographic image 
view category associated with the echocardiographic training image; and using the echocardiographic 
training image as an input and the associated expert quality assessment value as a desired output, 
train a neural network defined by the set of common neural network parameters and the selected one 
of the sets of view category specific neural network parameters to update the set of common neural 
network parameters and the selected one of the sets of view category specific neural network 
parameters.” 
 
See claim 1[i] and 6 regarding the disclosure of the sets of assessment parameters that are neural 
network parameters, common assessment parameters that are common neural network parameters, and 
view category specific assessment parameters that are neural network parameters, which are unique to 
the sets of neural network parameters.  
 
See claim 1[c] regarding the deep neural network training process. The Voluson family products train 
the SonoLyst AI algorithm with ideal echocardiographic images that have been associated with 
transducer position and labeled by expert sonologists for image quality and correctness. The SonoLyst 
AI algorithm is also trained to estimate the four (4) diagnostic view categories of the fetal heart  (e.g., 
4CH/Thorax, LVOT, RVOT, and 3VV). Therefore, each echocardiographic training image is 
associated with a predetermined image view category.   
 
The deep neural network (SonoLyst AI algorithm) has a plurality of layers including an input layer 
configured to receive echocardiographic images and an output layer configured to output quality 
assessment values. Because the training images are labeled and annotated with associated expert 
quality assessment values during the training process, the associated expert quality assessment values 
(grading criteria) are the desired outputs. As the SonoLyst AI algorithm is trained with the expert-
labelled training images, the neural network parameters are iteratively refined and updated to better 
predict how to acquire high-quality image for specific views. 
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network parameters and the 
selected one of the sets of 
view category specific 
neural network parameters 
to update the set of common 
neural network parameters 
and the selected one of the 
sets of view category 
specific neural network 
parameters. 

For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 

 
“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

1. The images were curated (sorted and graded) by a single Sonographer 
2. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 
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Description of how independence of test data from training data was ensured:  
• The exams used for test/training validation purpose are separated from the ones used 

during training process and there is no overlap between the two.” 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

1. The images were curated (sorted and graded) by a single sonographer.  
2. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
3. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 
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4. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system.” 

 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
 

 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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E.H. Bradburn et al., OC10.04 Estimating fetal gestational age based on ultrasound image 
characteristics using artificial intelligence, Ultrasound in Obstetrics & Gynecology 2020; 56 (Suppl. 
1) (16-18 October 2020), at 28. 
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Mohammad Yaqub et al., 491 ScanNav® audit: an AI-powered screening assistant for fetal 
anatomical ultrasound, American Journal of Obstetrics & Gynecology, Supplement to February 
2021, at S312. 
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’591 Claim 15 Voluson Family Products 

15[pre]: A computer-
implemented method of 
facilitating 
echocardiographic image 
analysis, the method 
comprising: 

The Voluson family products disclose “[a] computer-implemented method of facilitating 
echocardiographic image analysis.” 
 
See claim 1[pre]. 
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15[a]: receiving signals 
representing a first at least 
one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented method comprising “receiving signals 
representing a first at least one echocardiographic image.” 
 
See claim 1[a]. 

15[b]: associating the first at 
least one echocardiographic 
image with a first view 
category of a plurality of 
predetermined 
echocardiographic image 
view categories; 

The Voluson family products disclose a computer-implemented method comprising “associating the 
first at least one echocardiographic image with a first view category of a plurality of predetermined 
echocardiographic image view categories.” 
 
See claim 1[b]. 

15[c]: determining, based 
on the first at least one 
echocardiographic image 
and the first view category, 
a first quality assessment 
value representing a view 
category specific quality 
assessment of the first at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented method comprising “determining, 
based on the first at least one echocardiographic image and the first view category, a first quality 
assessment value representing a view category specific quality assessment of the first at least one 
echocardiographic image.” 
 
See claim 1[c]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
 

15[d]: producing signals 
representing the first quality 
assessment value for 
causing the first quality 
assessment value to be 
associated with the first at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented method comprising “producing 
signals representing the first quality assessment value for causing the first quality assessment value to 
be associated with the first at least one echocardiographic image.” 
 
See claim 1[d]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
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15[e]: receiving signals 
representing a second at 
least one echocardiographic 
image; 

The Voluson family products disclose a computer-implemented method comprising “receiving signals 
representing a second at least one echocardiographic image.” 
 
See claim 1[e]. 

15[f]: associating the 
second at least one 
echocardiographic image 
with a second view category 
of the plurality of 
predetermined 
echocardiographic image 
view categories, said second 
view category being 
different from the first view 
category; 

The Voluson family products disclose a computer-implemented method comprising “associating the 
second at least one echocardiographic image with a second view category of the plurality of 
predetermined echocardiographic image view categories, said second view category being different 
from the first view category.” 
 
See claim 1[f]. 

15[g]: determining, based 
on the second at least one 
echocardiographic image 
and the second view 
category, a second quality 
assessment value 
representing a view 
category specific quality 
assessment of the second at 
least one echocardiographic 
image; and 

The Voluson family products disclose a computer-implemented method comprising “determining, 
based on the second at least one echocardiographic image and the second view category, a second 
quality assessment value representing a view category specific quality assessment of the second at 
least one echocardiographic image.” 
 
See claim 1[g]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
 

15[h]: producing signals 
representing the second 
quality assessment value for 
causing the second quality 
assessment value to be 

The Voluson family products disclose a computer-implemented method comprising “producing 
signals representing the second quality assessment value for causing the second quality assessment 
value to be associated with the second at least one echocardiographic image.” 
 
See claim 1[h]. 
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associated with the second 
at least one 
echocardiographic image; 

 

15[i]: wherein each of the 
plurality of predetermined 
echocardiographic image 
view categories is 
associated with a respective 
set of assessment 
parameters, each of the sets 
of assessment parameters 
being a set of neural 
network parameters that 
defines a neural network 
having a plurality of layers 
including an input layer 
configured to receive one or 
more echocardiographic 
images and an output layer 
configured to output one or 
more quality assessment 
values and  

The Voluson family products disclose a computer-implemented method “wherein each of the plurality 
of predetermined echocardiographic image view categories is associated with a respective set of 
assessment parameters, each of the sets of assessment parameters being a set of neural network 
parameters that defines a neural network having a plurality of layers including an input layer 
configured to receive one or more echocardiographic images and an output layer configured to output 
one or more quality assessment values.” 
 
See claim 1[i]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value” and “each of the sets of assessment parameters being a set of neural network parameters that 
defines a neural network,” Defendants infringe this claim element under the doctrine of equivalents 
because the accused structure performs substantially the same function in substantially the same way 
to achieve substantially the same result. See claim 1[c] and 1[i]. 
 

15[j]: wherein: 
determining the first 
quality assessment value 
comprises: 
determining that a first 
set of assessment 
parameters of the sets of 
assessment parameters is 
associated with the first 
view category; and 

The Voluson family products disclose a computer-implemented method “wherein: determining the 
first quality assessment value comprises: determining that a first set of assessment parameters of the 
sets of assessment parameters is associated with the first view category; and in response to determining 
that the first set of assessment parameters is associated with the first view category, inputting the first 
at least one echocardiographic image into the neural network defined by the first set of assessment 
parameters applying a first function based on the first set of assessment parameters to the first at least 
one echocardiographic image.” 
 
See claim 1[j]. 
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in response to 
determining that the first 
set of assessment 
parameters is associated 
with the first view 
category, inputting the 
first at least one 
echocardiographic 
image into the neural 
network defined by the 
first set of assessment 
parameters applying a 
first function based on 
the first set of 
assessment parameters 
to the first at least one 
echocardiographic 
image; and 

To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
 

15[k]: 
determining the second 
quality assessment value 
comprises: 
determining that a 
second set of assessment 
parameters of the sets of 
assessment parameters is 
associated with the 
second view category; 
and 
in response to 
determining that the 
second set of assessment 
parameters is associated 

The Voluson family products disclose a computer-implemented method wherein “determining the 
second quality assessment value comprises: determining that a second set of assessment parameters 
of the sets of assessment parameters is associated with the second view category; and in response to 
determining that the second set of assessment parameters is associated with the second view category, 
inputting the second at least one echocardiographic image into the neural network defined by the 
second set of assessment parameters.” 
 
See claim 1[k]. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 
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with the second view 
category, inputting the 
second at least one 
echocardiographic 
image into the neural 
network defined by the 
second set of assessment 
parameters. 

’591 Claim 16 Voluson Family Products 

16: The method of claim 15 
wherein the first quality 
assessment value represents 
an assessment of suitability 
of the first at least one 
echocardiographic image 
for quantified clinical 
measurement of anatomical 
features and wherein the 
second quality assessment 
value represents an 
assessment of suitability of 
the second at least one 
echocardiographic image 
for quantified measurement 
of anatomical features. 

The Voluson family products disclose a computer-implemented method “wherein the first quality 
assessment value represents an assessment of suitability of the first at least one echocardiographic 
image for quantified clinical measurement of anatomical features and wherein the second quality 
assessment value represents an assessment of suitability of the second at least one echocardiographic 
image for quantified measurement of anatomical features.”  
 
See claim 2 regarding assessment of suitability for quantified clinical measurement of anatomical 
features. The Voluson family products are configured to acquire a series of images of various view 
categories and thus the assessment process step can be repeated for a newly acquired image. See claim 
2. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 

’591 Claim 17 Voluson Family Products 

17. The method of claim 15 
wherein: 
producing the signals 
representing the first quality 
assessment value comprises 
producing signals for 

The Voluson family products disclose a computer-implemented method “wherein: producing the 
signals representing the first quality assessment value comprises producing signals for causing a 
representation of the first quality assessment value to be transmitted to at least one display for causing 
the at least one display to display the first quality assessment value in association with the first at least 
one echocardiographic image, to assist one or more operators of an echocardiographic device in 
capturing at least one subsequent echocardiographic image; and producing the signals representing 
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causing a representation of 
the first quality assessment 
value to be transmitted to at 
least one display for causing 
the at least one display to 
display the first quality 
assessment value in 
association with the first at 
least one echocardiographic 
image, to assist one or more 
operators of an 
echocardiographic device in 
capturing at least one 
subsequent 
echocardiographic image; 
and 
producing the signals 
representing the second 
quality assessment value 
comprises producing signals 
for causing a representation 
of the second quality 
assessment value to be 
transmitted to the at least 
one display for causing the 
at least one display to 
display the second quality 
assessment value in 
association with the second 
at least one 
echocardiographic image, to 
assist the one or more 
operators in capturing at 

the second quality assessment value comprises producing signals for causing a representation of the 
second quality assessment value to be transmitted to the at least one display for causing the at least 
one display to display the second quality assessment value in association with the second at least one 
echocardiographic image, to assist the one or more operators in capturing at least one subsequent 
echocardiographic image.” 
 
See claim 3 for discussion of how the Voluson family products transmit a representation of the first 
quality assessment value to the display to assist the user in capturing at least one subsequent 
echocardiographic image. The Voluson family products are configured to acquire a series of images of 
various view categories and thus the producing process step can be repeated for a newly acquired 
image. See claim 3. 
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least one subsequent 
echocardiographic image. 

’591 Claim 18 Voluson Family Products 

18. The method of claim 15 
wherein: 
associating the first at least 
one echocardiographic 
image with the first view 
category comprises 
applying one or more view 
categorization functions to 
the first at least one 
echocardiographic image to 
determine that the first at 
least one echocardiographic 
image falls within the first 
view category; and 
associating the second at 
least one echocardiographic 
image with the second view 
category comprises 
applying one or more view 
categorization functions to 
the second at least one 
echocardiographic image to 
determine that the second at 
least one echocardiographic 
image falls within the 
second view category. 

The Voluson family products disclose a computer-implemented method “wherein: associating the first 
at least one echocardiographic image with the first view category comprises applying one or more 
view categorization functions to the first at least one echocardiographic image to determine that the 
first at least one echocardiographic image falls within the first view category; and associating the 
second at least one echocardiographic image with the second view category comprises applying one 
or more view categorization functions to the second at least one echocardiographic image to determine 
that the second at least one echocardiographic image falls within the second view category.”  
 
See claim 4 for discussion of how the Voluson family products apply one or more view categorization 
functions to an echocardiographic image to determine whether it falls within a view category. Since 
the Voluson family products is configured to acquire a series of images of various view categories, the 
application of one or more view categorization functions can be repeated for different 
echocardiographic images, each associated with a different view category (e.g., first and second view 
categories). See claim 4.  
 
The Voluson family products are configured to acquire a series of images of various view categories 
and thus the associating process step can be repeated for a newly acquired image. See 15[b] and 15[f]. 

’591 Claim 19 Voluson Family Products 

19. The method of claim 15 
wherein the first at least one 

The Voluson family products disclose a computer-implemented method “wherein the first at least one 
echocardiographic image comprises a plurality of echocardiographic images and wherein 
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echocardiographic image 
comprises a plurality of 
echocardiographic images 
and wherein determining 
the first quality assessment 
value comprises 
determining a single quality 
assessment value 
representing a view 
category specific 
assessment of the plurality 
of echocardiographic 
images. 

determining the first quality assessment value comprises determining a single quality assessment value 
representing a view category specific assessment of the plurality of echocardiographic images.” 
 
See claim 1[c] and 5. The Voluson family products are configured to acquire a series of images of 
various view categories and can also obtain video clips, which are a sequence of images (e.g., frames). 
As described for 1[c], the SonoLyst AI algorithm can determine a first quality assessment value for an 
echocardiographic image. Similarly, the SonoLyst AI algorithm can determine a first quality 
assessment value based on multiple images, such as a video. 
 
To the extent Defendants do not literally infringe this claim element requiring a “quality assessment 
value,” Defendants infringe this claim element under the doctrine of equivalents because the accused 
structure performs substantially the same function in substantially the same way to achieve 
substantially the same result. See claim 1[c]. 

’591 Claim 20 Voluson Family Products 

20. The method of claim 15 
wherein each of the sets of 
assessment parameters 
includes: 
a set of common assessment 
parameters, which are 
common to each of the sets 
of assessment parameters; 
and 
a set of view category 
specific assessment 
parameters, which are 
unique to the set of 
assessment parameters. 

The Voluson family products disclose a computer-implemented method “wherein each of the sets of 
assessment parameters includes: a set of common assessment parameters, which are common to each 
of the sets of assessment parameters; and a set of view category specific assessment parameters, which 
are unique to the set of assessment parameters.” 
 
See claim 1[i] and 6. The SonoLyst AI algorithm involves common assessment parameters 
corresponding to non-view category specific layers, and view category specific assessment parameters 
corresponding to view category specific layers. Each neural network defined by one of the sets of 
assessment parameters (e.g., a neural network within a neural network) thus includes a set of the 
common assessment parameters and a set of the view category specific parameters of the SonoLyst AI 
algorithm. See claim 1[i] regarding the Voluson family products view category specific assessment 
parameters, which are unique to the set of assessment parameters.  
 
For example, see the following passages and/or figures, as well as all related disclosures: 
 
FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K220358) at 7-8: 
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“SonoLyst: Summary test statistics or other test results including acceptance criteria or other 
information supporting the appropriateness of the characterized performance  

• For SonoLystIR the sorting accuracy is higher than 80% on a test data set containing 
40000+ images. For SonoLystX the grading accuracy is higher than 80% on a test data 
set containing 9500+ images. For SonoLystLive the accuracy is higher than 80% on a 
test data set containing 5500+ images. 

• The number of individual patients images were collected from: 5000+ exams 
• The number of samples, if different from above, and the relationship between the two: 

SonoLyst was tested on 40000+ images derived from the collected exams. The exams 
contain multiple standard views of the fetal anatomy and cine loops. 

… 
Information about equipment and protocols used to collect images. 

• Mix of data from across five different console variants, 4 Voluson GE, 1 non-GE. Mix 
of data from retrospective data collection in clinical practice and prospective data 
collection.  

 
Information about how the reference standard was derived from the dataset (i.e. the “truthing” 
process):  

5. The images were curated (sorted and graded) by a single Sonographer 
6. The images were sorted and graded by SonoLyst. This process resulted in some images 

being reclassified during sorting. 
7. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

8. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system. 

 
Description of how independence of test data from training data was ensured:  

• The exams used for test/training validation purpose are separated from the ones used 
during training process and there is no overlap between the two.” 
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FDA 510(k) Premarket Notification Submission for Voluson Expert Series (K231965) at 10-11: 
 

“Summary test statistics or other test results including acceptance criteria or other information 
supporting the appropriateness of the characterized performance. 

• Data used for both training and validation has been collected across multiple 
geographical sites using different systems to represent the variations in target 
population.  

• The verification for the SonoLyst 2nd Trim IR&X feature is based on computing 
confusion matrices for the sorting (SonoLyst IR) and grading (SonoLyst X) features.  

• The verification of the SonoLystLive 2nd Trimester features is based on the average 
agreement between a sonographer panel and the output of the algorithm regarding 
Traffic light quality.  

• The average success rate of SonoLyst 2nd Trimester IR and X and overall traffic light 
accuracy is 80% or higher. 

… 
Quantitative evaluation: 
For SonoLyst 2nd Trimester IR in total 42102 images are used for quantitative evaluation  
For SonoLyst 2nd Trimester X in total 10424 images are used for quantitative evaluation  
For SonoLystLive 2nd Trimester in total 5666 images are used for quantitative evaluation 
… 
Information about the reference standard and dataset (“truthing process”):  
To ensure the quality of the curated data for verification, the following strategy is employed:  

5. The images were curated (sorted and graded) by a single sonographer.  
6. The images were sorted and graded by ScanNav AutoCapture Second Trimester. This 

process resulted in some images being reclassified during sorting.  
7. Where they differed from the ground truth, the sorted images from step 2 were reviewed 

by a 5-sonographer review panel, in order to determine the sorting accuracy of the 
system. The sorting process resulted in some images being reclassified based upon the 
majority view of the panel. 

8. Where they differed from the ground truth, the graded images from step 1 were 
reviewed by a 5-sonographer review panel, in order to determine the grading accuracy 
of the system.” 
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Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 7-2 to 7-6: 
 

 
 
Voluson Expert 18/20/22 Instructions for Use, Rev 5 (Jan 2025) at 13-45 to 13-47: 
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E.H. Bradburn et al., OC10.05 An artificial intelligence system that can correctly identify fetal 
ultrasound imaging planes throughout gestational age, Ultrasound in Obstetrics & Gynecology 2020; 
56 (Suppl. 1) (16-18 October 2020), at 28-29. 
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