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Presenter Notes
Presentation Notes
Good afternoon. This presentation will provide some preliminary results from IMAGENDO.IMAGENDO comprises of interdisciplinary researchers from the Robinson Research Institute and the Australian Institute of Machine Learning at the University of Adelaide, as well as other collaborators from Australia and Canada.



Endometriosis
• Growth of tissue similar to the endometrium, outside the womb (usually 

pelvis)
• Occurrence: 1 in 7 reproductive aged women in Australia ~176 million 

women globally
• Costs Australia $A7.4 billion annually

- direct costs and loss of productivity 

Presenter Notes
Presentation Notes
So I’d like to set the scene around endometriosis.I’m sure you are all aware that Endometriosis is a common, chronic, inflammatory disease, causing period pain for 1 in 7 reproductive aged women, Its where tissue similar to the endometrium grows outside the uterus. Occurrence: ~176 million women globallyCosts Australia >$A7.4 billion annually�Its such an issue that Menstrual leave may be an option in future



Why is early diagnosis so important?
• Diagnostic delay1

• Currently costs Australia >$7.4 billion annually, after diagnosis2

• Reason for subfertility
• Optimisation of ART outcomes3

• Surgical triage4
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1. O'Hara R et al. Managing endometriosis: a cross-sectional survey of women in Australia. J Psychosom Obstet Gynaecol. 2022;43(3):265-272. 
2. Ernst & Young. The cost of Endometriosis in Australia: A report for EndoActive.  2019 
3. Moss et al, Delayed diagnosis of endometriosis disadvantages women in ART: a retrospective population linked data study. 2021, Hum Reprod, 36( 12): 3074-3082
4. Shakeri et al EP27.04: Cost-benefit analysis for the use of transvaginal ultrasound to avoid laparoscopy in women with minimal endometriosis disease UOG 2016;48, S1
5. Leonardi et al. Deep endometriosis transvaginal ultrasound in the workup of patients with signs and symptoms of endometriosis: a cost analysis. BJOG 2019;126:1499–1506

Women with endometriosis diagnosed after first ART were: 
• more likely to use IUI (aOR: 2.14, 95% CI 1.48, 3.09) 
• have more cycles -11–36 cycles (aOR: 4.09, 95% CI 2.41, 6.95)
• less likely to report a birth 

Utilising transvaginal ultrasound will lead to a significant cost saving of 
$A1,562 per case, or $A131,208 per year.

The total annual cost of the novel model (M2) is AU$12,547,724.03, 
cheaper than the conventional model (M1), which cost AU$13,472,161.67

Presenter Notes
Presentation Notes
So why exactly do we need an early diagnosis of endometriosis?Endometriosis is usually under diagnosed, taking an average of 6.4 years, from first symptoms to diagnosis.Currently costs after diagnosis are greater than $A7.4 billion annually, due to direct costs and loss of productivity.An early diagnosis can optimise ART outcomes and It can also triage patients for laparoscopy ****The Australian Longitudinal Study on Women’s Health (ALSWH) recently found that Women with endometriosis diagnosed after first ART were: more likely to use IUI  have more cycles less likely to report a birth ****We can also prioritise surgery for those who really need it, and there are cost savings – the last box talks about a study where The conventional model (M1) includes the basic TVS and diagnostic laparoscopy. The novel model (M2) includes the DE TVUS. For a population of 1000 women, the integration of the DE TVUS may save healthcare costs of AU$924,437



2022 - Significant change to the ESHRE guidelines 

Becker et al ESHRE Endometriosis Guideline Group, ESHRE guideline: endometriosis,
Human  Reproduction Open, Volume 2022, Issue 2, 2022, hoac009,

Presenter Notes
Presentation Notes
Because of this non surgical diagnostic tests have become and priority, and the societies and colleges are recognising this.In 2022, there were significant changes to the ESHRE· guidelines for the diagnosis of endometriosis with clinicians now being encouraged to use imaging and the best modalities found were transvaginal ultrasound or MRI,�*******however they need to be aware that a negative finding does not exclude endometriosis.



Transvaginal Ultrasound

Pelvic lesions :
Sens : 0.65 (0.27, 1.00) 
Spec : 0.95 (0.89, 1.00)

Ovarian : 
Sens : 0.93 (0.87, 0.99) 
Spec : 0.96 (0.92, 0.99)

Deep Infiltrating Endometriosis:
Sens : 0.95 (0.81, 1.00) 
Spec : 0.90 (0.76, 1.00)

Nisenblat et al 2016, Cochrane Database of Systematic Reviews Issue 2. Art. No.: CD009591. 

Presenter Notes
Presentation Notes
This recommendation was partially based on Cochrane Reviews previously undertaken by Professor Louise Hull and team,where they found Detection of pelvic endometriosis, including Pouch of Douglas (POD) obliteration, has a 95% specificity from endometriosis ultrasound (eTVUS)…with the sensitivity for peritoneal lesions only 65%



DIE:
Sens: 0.96 (0.93, 0.99),
Spec: 0.83 (0.50, 1.00)

Pelvic lesions:
Sens: 0.79 (0.70, 0.88 ) 
Spec: 0.72 (0.51, 0.92)

Nisenblat et al 2016, Cochrane Database of Systematic Reviews Issue 2. Art. No.: CD009591. 

Magnetic Resonance Imaging

Presenter Notes
Presentation Notes
And the specificity was 72% from MRI, which was lower, however MRIs did have improved sensitivity at 79%We are currently updating this review with more studies from the last almost 10 years with another 51 new studies.
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IMAGENDO Diagnostic Solution

Presenter Notes
Presentation Notes
So, we know we can find better ways of diagnosing endometriosis, but we also need to do something about it.Currently we are undertaking the Imagendo Project where:We hypothesized that we could combine **endometriosis ultrasounds and ***MRIs digitally, using ***machine learning, to improve the ***diagnostic sensitivity and specificity of imaging ****diagnosis in endometriosis. We brought together the IMAGENDO collaborative group and obtained Category 1 funding in 2021



Getting the right scan
eTVUS endometriosis markers eMRI endometriosis markers

Endometrioma* Endometrioma

Adenomyosis* Upper rectal distortion

Question mark sign 
(anteverted, retroflexed uterus) Fixed uterine anteversion and  or retroflexion

Fixed or kissing ovaries 
(fixed together) Thickened uterosacral ligaments

Fallopian tube distortion Haematosalpinx

The sliding sign
(rectum glides freely over cervix) Posterior cul-de-sac obliteration

Endometriosis nodules Uterine serosal plaques

Elevated vaginal fornices

(* identified by standard TVUS)

Guerriero et al. lDEA consensus statement, Ultrasound in O and G, 2016;48 (3): 318-32)
Thalluri AL, Knox S, Nguyen T. MRI findings in deep infiltrating endometriosis. J Med Imag Rad Onc. 2017;61(6):767-73. 

The sliding sign  
(rectum glides freely over cervix)

Posterior cul-de-sac obliteration
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Presenter Notes
Presentation Notes
For our solution, we need to obtain data from high quality transvaginal endometriosis ultrasounds and MRI images.Ultrasound markers for endometriosis have been identified through the IDEA consensus statement, as well as other markers identified on MRI scans. We are systematically using each of these markers to build our algorithm. *******Today I’d like to show you an example of the power of machine learning to improve diagnostics, using a multimodal training for Pouch of Douglas obliteration.We show how automated detection of Pouch of Douglas (POD) obliteration can be augmented by a novel multimodal approach.



Availability of Ultrasounds

eTVUS
• Convenient, cheaper, accessible
• Frontline tool in gynaecological 

assessment
• Few trained highly skilled sonographers
• Access to tuition difficult
• Further contributes to diagnostic delay

Presenter Notes
Presentation Notes
However:This is a chart of the use of Pelvic ultrasound scans, by any or all approaches,Interestingly, and this was in a tweet from Dr Marilla Druitt, a gynaecologist in Melbourne... >99% pelvic #ultrasound scans are for women (#MBS data) Apparently anyone can get an irradiating CT out of hours: but this is not what women with endo need!eTVUS is convenient, cheaper and accessible when compared to other imaging modalities such as eMRI,and far more accessible and acceptable to patients than laparoscopic surgery, demonstrating a significant cost reduction. However, any imaging needs to be of high quality. Currently, there are few sonographers adequately trained to undertake specialist endometriosis pelvic ultrasounds in Australia.Transvaginal ultrasound is the frontline tool is the assessment of all gynaecological conditions, but there are a number of barriers to accessing this .



Pouch of Douglas (POD) obliteration

Aim
• To improve eMRI detection

of POD obliteration, 
by leveraging detection 
results from unpaired 
eTVUS data. 

Maicas,  Leonardi,  Avery, Panuccio, Carneiro, Hull, and  Condous. "Deep learning to diagnose pouch of Douglas obliteration 
with ultrasound sliding sign." Reproduction & Fertility 2, no. 4 (2021): 236.
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Pouch of Douglas (POD) obliteration is a severe consequence of inflammation in the pelvis, often seen in patients with endometriosis. The sliding sign is a dynamic transvaginal ultrasound (TVUS) test that can diagnose POD obliteration.A/Prof George Condous, an investigator on our team, was involved in developing the IDEA consensus, and had collected 749 transvaginal ultrasounds which provided some preliminary results for our study.Our preliminary data has shown that a multimodal AI approach objectively assesses imaging data from ultrasound and eMRIs and improves diagnostic accuracy for endometriosis. 



Endometriosis eMRI and eTVUS

MRI: POD obliterated
TVUS: Negative sliding sign

MRI: Normal POD
TVUS: Positive sliding sign

Disease 
absent

Disease 
present
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Here are some examples of Pouch of Douglas assessment using the sliding sign, using unpaired MRIs and ultrasounds.****We can see a positive sliding sign, which indicates no disease in the Pouch of Douglas. The green areas indicate there are large pools of fluid in the Pouch of Douglas*****Compare this with a negative sliding sign, which shows that the anterior bowel cannot freely slide over the posterior upper uterine fundus, indicating obliteration in the Pouch of Douglas. The red line indicates no space in the Pouch of Douglas an we can see adhesions behind the uterus in the MRI .In clinical practice, there are few people who can diagnose endometriosis with one of these modalities, and very few who are proficient in both.









Motivation
• Leveraging TVUS POD obliteration detection

to improve the automated detection accuracy
with MRI using an unpaired training set
containing scans from both modalities.

Contributions
• The first method that distills knowledge from

unpaired TVUS and MRI data for POD
obliteration detection1

• The first machine learning method that can
automatically detect POD obliteration from
MRI data1

Motivation and Contributions

• Unpaired MRI and TVUS dataset
• Combining TVUS and MRI may allow the 

identification of distinct and 
complementary markers

MRI TVUS
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1. Zhang Y, Wang H, Butler D, To MS, Avery J, Hull ML, Carneiro G. 20th IEEE International Symposium on Biomedical Imaging (ISBI): April, 2023 Cartagena de Indias
Colombia: (Oral) “Distilling Missing Modality Knowledge from Ultrasound for Endometriosis Diagnosis with Magnetic Resonance Images”.  - Best Oral Presentation

Presenter Notes
Presentation Notes
Our model leverages ultrasound POD obliteration detection, to improve the automated detection accuracy from MRIs, using an unpaired training set containing scans from both modalities.To the best of our knowledge, this is the first detection method that distills knowledge from ultrasounds to MRI based algorithms using unpaired data, with the objective of improving the accuracy of diagnosing endometriosis with MRI;It is also the first machine learning method that can automatically detect POD obliteration from MRI data with the goal of diagnosing endometriosis.



Two-stage Knowledge Distillation 

Stage 1. Pre-training

Stage 2. Knowledge 
distillation
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Presenter Notes
Presentation Notes
An overview of our proposed ultrasound to MRI knowledge distillation model is shown here, which consists of two models:Pre-training a teacher model to detect POD obliteration from ultrasound data, and pre-training a student model with 3D masked auto-encoder (MAE) using a large amount of unlabelled pelvic 3D MRI volumes; and 2) Knowledge distillation from the teacher ultrasound detector to train the student MRI model, by minimizing a regression loss that approximates the output of the student to the teacher using unpaired ultrasound and MRI data. The testing is realised using only MRI data.



Our Datasets

MRI Endo dataset 
•89 T2_SPC scans

•19 complete POD obliteration, 
•70 negative POD cases

Pretraining datasets:
TVUS Endo dataset
•749 TVUS 

•103 complete POD obliteration 
•646 negative POD cases

Public hospital female pelvic MRI dataset
•8984 T2 scans' 
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Presenter Notes
Presentation Notes
Our MRI endometriosis dataset contains 88 MRI scans from several clinical sites in Australia. The scans contain the whole pelvic area, but we focus on the region around the uterus that can display the POD obliteration.Our ultrasound endometriosis dataset has 749 video clips of the ’sliding sign’, including 103 POD obliterated cases.Our female pelvic MRI dataset for self-supervised pre-training contains almost 9000 volumes, including some people with endometriosis, . 



Results: pretraining

Masked Input Reconstruction Original
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Masked autoencoder (MAE):
Unsupervised learning which learns to 
reconstruct masked data

Embedding:
Compressing a large dataset into a 
small representation with the most 
salient features

Presenter Notes
Presentation Notes
The classification results with our proposed method is shown here. We used Masked autoencoder pretraining, which is unsupervised learning reconstructing masked data to generate a larger dataset.Then we embedded the data, Compressing a large dataset into a small representation with the most salient features



Challenges

• Artefacts, mislabelling, and misreporting 
confounded our eMRI datasets

Dr Steven Knox
Radiologist, Bensons Radiology
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Presenter Notes
Presentation Notes
We did encounter a number of challenges in our dataset, including artefacts, mislabelling, and misreporting.However we were able to resolve many of these using model checking, student auditing and expert radiology review



Results: POD Obliteration Classification
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Method Training 
Modality

Testing
Modality

AUC
mean±stddev

3D ViT MRI MRI 0.650±0.102

3D ViT + MAE Pretraining MRI MRI 0.872±0.094

3D ViT + Knowledge Distillation MRI, TVUS MRI 0.667±0.107

3D ViT + MAE Pretraining 
+ Knowledge Distillation MRI, TVUS MRI 0.772±0.087

3D ViT + MAE Pretraining
+ FT
+ Knowledge Distillation

MRI, TVUS MRI 0.906±0.099

Presenter Notes
Presentation Notes
The classification results with our proposed method is shown here. The small amount of training samples limited the generalisability of 3D Vision Transformer to classify POD obliteration from MRI volumes, with an AUC of 65.0%******, but the masked auto-encoder pre-training partially mitigates the issue, improving the AUC to 87.2%*******. Adding knowledge distillation, training a 3D Vision Transformer from scratch on such a small dataset is still challenging, with an AUC of 66.7%******. However if we add both together: The knowledge distillation performance of 3D Vision Transformer with masked auto-encoder pre-training reaches AUC=77.2%*******, worse than without knowledge distillation, with AUC=87.2%*******.  This may be due to the excessive domain shift between the pre-training dataset and TVUS dataset. But, by fine-tuning the model from masked auto-encoder pre-training, the model improves accuracy from AUC=87.2% to AUC=90.6%.With all the steps using unmatched imaging from an alternative modality we can improve the AUC from 65% to 90% on an MRI dataset



Conclusion

• We developed a two-stage algorithm to distil the 
knowledge from an ultrasound to an MRI classifier, which 
improves the POD obliteration classification accuracy for 
the MRI classifier.

• Through MAE pre-training, knowledge distillation
and fine-tuning, we were able to significantly improve

the diagnostic accuracy of MRI for endometriosis using 
unpaired ultrasound and MRI data. 

• our approach shows improved diagnostic efficacy in our
experimental results using our endometriosis datasets. 

Ms Yuan Zhang
PhD Candidate, AIML
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Presenter Notes
Presentation Notes
This first step in combining images for corresponding signs using algorithms, will improve the imaging diagnosis of endometriosis, when compared to surgery, and allow extrapolation of results where either imaging modality is missing



IMAGENDO® – recruitment

Presenter Notes
Presentation Notes
These are some of our recruitment tools – you may have seen these posters around! We’ve included these in your packs in case you are referring any women to gynaecologists for potential surgery. This was they can get a free MRI and even a TVUS for the IMAGENDO study as well



https://imagendo.org.au/https://www.facebook.com/Endostudy/

https://www.jeanhailes.org.au/necst-
network/home

IMAGENDO® – digital presence

https://is.gd/imagendostudy

Presenter Notes
Presentation Notes
FacebookWebpageRedcap for expression of interest and demographic informationCollaboration with the NESCT trials registry to upload eTVUS and eMRI images 

https://imagendo.org.au/endo
https://www.facebook.com/Endostudy/
https://www.jeanhailes.org.au/necst-network/home


IMAGENDO® Team

Dr Jodie Avery Dr Beck O’Hara Ms Aisha Sirop Prof Mary Louise Hull Prof Gustavo Carneiro Dr Tim Chen Dr Hu Wang Ms Yuan Zhang

A/ Prof David 
Gonzalez Chica

Ms Catrina 
Panuccio

Dr Jane Woolcock Dr Steven Knox A/ Prof George 
Condous

Dr Mathew Leonardi Ms Alison Deslandes
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Presenter Notes
Presentation Notes
Thankyou very much!I’d like to thank our whole team



Winner!
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And just a few weeks ago we won the 2023 ANSTO Eureka Prize for Innovative Use of Technology!



IMAGENDO® Contact
IMAGENDO® has received funding from the Australian Government, the Australasian Society of Ultrasound 
in Medicine (ASUM), Endometriosis Australia, The Australian Gynaecological Endoscopy Association and the 
Lions Club.

@Jodie_Avery

Dr Jodie Avery 

https://www.facebook.com/Endostudy
https://www.instagram.com/imagendo_australia/
https://twitter.com/ImagendoAus
endostudy@adelaide.edu.au
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www.imagendo.org.au

Presenter Notes
Presentation Notes
And if you are interested in any collaborations please contact us.And here are our contact details

https://www.facebook.com/Endostudy
https://www.instagram.com/imagendo_australia/
https://twitter.com/ImagendoAus
http://www.imagendo.org.au/
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