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Presenter Notes
Presentation Notes
Good morning everyone. First of all, I’d like to thank for this great opportunity to share our work with you. 



What I would like to talk about today

• How can AI support physicians in diagnosing Kleefstra S?
• Phenotypic descriptors

• What do computer scientists need to improve AI?
• FAIR data

• How could patients and families contribute?
• Share more data
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Interpretation of the achieved accuracyComputer Vision and next generation phenotyping (NGP) in the last decade

DeepGestalt
2019

2015
DCNN

2017
FaceID

2019
ArcFace

GestaltMatcher
2022

Ensembles & Few Shot
2023



Kabuki HPMRS

Novel

Kabuki HPMRS1st 1st

2nd 2nd

3rd 3rd

1st

2nd

Facial analysis by DeepGestalt (Face2Gene)

Presenter Notes
Presentation Notes
Let‘s first have a look at the performance of DeepGestalt, which is the default algorithm within Face2Gene, on the test cases with Kabuki and Mabry syndrome. The gestalt score that is achieved for the correct diagnosis is very high and brings it to the top of the list. / For the third disorder, we do not see such a high gestalt score, for the suggested diagnosis on the top of the list, although there are certain features that would fit. The micrognathia for instanceis also a feature in Wolf-Hirschhorn S. /  However, the correct diagnosis is not in the list of syndromes this AI can recognize. 



Ultra-Rare

Presenter Notes
Presentation Notes
Let‘s now have a look at a more comprehensive list of syndromes that DeepGestalt can and cannot recognize with sufficient accuracy. We ordered all diseases by the number of cases that had been submitted to the ClinVar database. For KMTD2 for instance, we counted 292 pathogenic mutations that cause Kabuki make up syndrome. This compares to 14 cases for PIGV, a Mabry syndrome disease gene. All the syndromes that are app valid are on the left. For LEMD2 the disease-causing gene of the third test case, there were just too little data to learn this phenotype. Likewise, in ClinVar there are only two submissions so far. We can therefore take ClinVar submissions as a proxy for prevalence and state that DeepGestalt does not support ultra-rare disorders. This certainly is a big issue, as most of the syndromes we now know of are ultra-rare. Thus, our motivation is clear, we need an AI that can match a characteristic phenotype, even if there is just a second patient of it‘s kind.



Presenter Notes
Presentation Notes
Let‘s remember what we wanna do: We would like to search with a protrait image for another matching case not a disease



Portrait photo
of new patient

Clinical Face 
Phenotype Space

Deep Convolutional 
Neural Network

facial phenotypic descriptor (FPD)
320-dimensional 

Kleefstra

HPMRS SHS

HGPS

Patients with the same 
ultra-rare disease

Feature encoder Fully 
connectedCONV-1 CONV-10•••

Hutchinson-Gilford 
Progeria syndrome (HGPS)

Kleefstra syndrome

Schuurs-Hoeijmakers
syndrome (SHS)
HPMRS

Classifier

Hyperphosphatasia with Mental 
Retardation syndrome

DeepGestalt: Gurovich, et al. Nat Med 2019

GestaltMatcher: Hsieh, et al. Nat Genet 2022



Factors that affect the performance of an AI: Algorithms

9

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Factors that affect the performance of an AI: Algorithms
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We first analyzed the influence of replacing GestaltMatcher DCNN  with a  state-of-

the-art  face recognition approach,  iResNet with ArcFace.  Furthermore,  we propose

model ensembles that mix  general face verification models and  models specific for

verifying disorders to improve the disorder verification accuracy of unseen ultra-rare  

disorders. For our ensemble,  we considered both models that are fine-tuned for

disorders and models built for face verification.  The face verification models produced

strong general features that can be leveraged to verify unseen disorders, while the

fine-tuned models were fitted towards features of seen disorders they have been trained

on. 

2023

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Factors that affect the performance of an AI: Algorithms
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Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Interpretation of the achieved accuracyGestaltMatcher in Research



Lumping and Splitting

13

Presenter Notes
Presentation Notes
Moreover, we could also compare the similarity among different publications. For example, this is the cohort 



Lumper and splitter
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Disorder A Disorder C Disorder C

We look different. 
We could be different disorders!

Lumper Splitter

Disorder B

We look similar. 
We should be in a PS!

Lumper: associate a phenotype to another
disorder or a phenotypic series (PS).

Splitter: separate a phenotype into two
disorders that are linked to different
genetic causes.

McKusick, V. A. 1969. “On Lumpers and Splitters, or the Nosology of Genetic Disease.” 
Perspectives in Biology and Medicine 12 (2): 298–312.

Presenter Notes
Presentation Notes
For example, we can answer the lumper and splitter problem. What is lumper? Lumper means that we want to associate a phenotype to another disorder or a phenotypic series. *For example, we think the disorder B are similar to disorder A and want to add it into the phenotypic series of disorder A. *On the other hand, the splitter means that to separate a phenotype into two disorders that are linked to different genetic causes. For example, a subset of patient with disorder C which is on the right have different genetic causes and present a different phenotype compared to the patients on the left. *So we want to move it out of disorder C to another disorder. 57 (245 -> 342)
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Match patients

R - Reusable

Presenter Notes
Presentation Notes
Here you see the analysis of the two cases with the new syndrome compared with the HGP cases in a pairwise distance matrix.  Each column is one patient and each cell represent the similarity between two patients due to where they are placed in the Clinical Face Phenotype Space. When the color is darker, it means the two patients are more similar. From the dendrogram you can also see that the other progeria cases form a clear cluster (klick), whereas the two LEMD2 cases are not part of this cluster but are comparatively very similar to each other. 



SMARCA2 subgroups with two different episignatures
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SMARCA2 subgroups with two different episignatures
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Blepharophimosis-impaired
intellectual development syndrome Nicolaides-Baraitser syndrome



SMARCA2 subgroups with two different episignatures

18

Syndrome A

Syndrome B

Cohort 1

Cohort 2

Syndrome B

Cohort 1

Cohort 2

Comparing patients of

A. Blepharophimosis-impaired
intellectual development
syndrome (BIS)

vs.

B. Nicolaides-Baraitser syndrome
(NCBRS)



Phenotypic evidence for lumping and splitting
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unclear

unclear evidence for
splitting

evidence for
lumping

Test set:
• 61 comparisons of

cohorts from the
same syndrome

• 88.5 % correctly
lumped

Test set:
• 1.830 comparisons of

cohorts from different 
syndromes

• 92.3 % correctly
splitted



These two groups of patient look 
different. How can I objectify?

GMDB can do lumper and splitter analysis

R - Reusable 20

Cohort of Gene-X:
33 photos from 32 patients.
(Exon1) ten photos from 
nine patients.
(Exon2) 23 photos from 23 
patients.

Presenter Notes
Presentation Notes
Another example of what the Research platform in GMDB can do is the Lumper and Splitter analysis. For example, in a cohort of patients with mutations in a gene X consisting only of two exons. 10 mutations are in exon 1, and another 23 mutations are in exon 2. Dysmorphologists suggested that the patients with mutations in exons 1 and 2 look different. Does GestaltMatcher agree? (klick) We generated the pairwise similarity matrix of 33 photos. The entries are rearranged in such a way that the most similar individuals are positioned next to each other. Interestingly, this sorting reproduces the hypothesis of the dysmorphologists. We see a cluster of individuals with mutations in exon 1 and another cluster with mutations in exon 2. The matrix shows that the different facial phenotypes of the disease-causing mutation are separated by the exon boundary. Therefore, it suggests that this disorder can be separated into two different phenotypes. The lumping and splitting task force of ClinGen would require also functional evidence on the molecular level for splitting. This is indeed the case: all mutations in exon 1 resulted in nonsense mediated decay, while mutations in exon 2 resulted in a pathogenic gain of function.



21

Kleestra S             other syndromes
Kleestra S             other syndromes

Gestalt scores for variant classification
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With a positive likelihood ratio of >30 a „matching phenotype“ is strong evidence for pathogenicity:

Thus, in Kleefstra „PP4“ could be upgraded

Gestalt scores for variant classification



GestaltMatcher Database (GMDB)
a FAIR database for medical imaging data of rare disorders

Hellen Lesmann, MD
Institute for Genomic Statistics and Bioinformatics
Institute of Human Genetics
University Bonn

23@h_lesmann

Presenter Notes
Presentation Notes
Thank you for the kind introduction and the opportunity to share our work with you. The GestaltMatcher Database, short GMDB, is a FAIR database for medical imaging data of rare disorders. 
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A - Accessible

I - Interoperable

F - Findable

R - Reusable

Wilkinson, et al., 2016

Presenter Notes
Presentation Notes
The fair principles are guidelines to improve the Findability, Accessibility, Interoperability, and the Reuse of digital assets. Metadata and data should be easy to find for humans and computers. Once users found the data, the requirements for access need to be clearly communicated. And Interoperability means the ability for other groups to work with the data. Thus, the ultimate goal of FAIR is to make it easier to reuse the data. So how does GMDB fullfil these criteria? 



GestaltMatcher Database
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Governed by
Arbeitsgemeinschaft für 
Gen-Diagnostik (AGD) e.V.

Presenter Notes
Presentation Notes
The GestaltMatcher database is hosted by AGD which is a non-profit organization. It includes many types of image data such as facial photos, profile, and hand x-ray images. Currently, there are more than 7k patients curated from 2600 publications with more than 700 disorders. 



Gallery

Presenter Notes
Presentation Notes
The first feature of GMDB I would like to show you is the gallery view, which you can think of as the pinterest version of omim.Like AI, a clinician must first learn the phenotype of a disorder in order to be able to recognize it later. The gallery can be used to display many portraits of a disorder at a glance. In this way, a phenotype can be classified even better. As you can see, GMDB is not limited to facial portraits. Additionally, you will find for example X-rays, MRIs and funduscopy images. You can filter the gallery by genes, disorders, phenotypic series, publications, users or your own patients.So for example, if you are interested in Cornelia de Lange syndrome, you can search for a disease-causing gene like NIPBL, or you search for the PS by entering the name of the disorder.






F - Findable 27

GMDB is a novel publication medium for dynamic case reports

Presenter Notes
Presentation Notes
Instead, you could simply search for a gene or syndrome of interest and get all the images our curators have gathered from the literature at a glance. (klick)On the same time every entry in the database enlargens the training set of the GM AI, as it collects labeled data that is not only findable for humans but also for computers. 



I - Interoperable 28

GMDB an image repository and a node in MME

Gesta
ltMat
cher

Presenter Notes
Presentation Notes
Platforms such as GeneMatcher are already used to match patients based on their sequencing information. Matching on phenotypic level by face matching is not included in any of these platforms yet. GMDB can therefore also be seen as a photo version of gene matcher. Due to its interoperability, GMDB will be included as a node in the MME network.



World wide effort from the research community

29

Join FAIR GMDB and 
become a coauthor! Contact us: 

info@gestaltmatcher.org

A - accessable

Presenter Notes
Presentation Notes
We are currently working on our manuscripit and are looking for more collaborators who are willing to share their patients. Everyone who will contribute his or her previosly unpublished patient to GMDB, will become a coauthor of the manuscript that we aim to submit by the end of the year. For that purpose the case has to be uploaded to GMDB, with the appropriate consent. If you are interested in the database or in collaboration, dont hesitate to contact us. Thank you for your attention. I am looking forward to your questions.
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Factors that influence the performance of an AI: diverse data

31

Samples 
per 
syndrome

• 40 syndromes x 80 samples

• Has a lower performance than:

• 160 syndromes x 20 samples

• Diversity in your data set
matters more than sheer size

Gain from higher
phenotypic diversity

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 
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Form
Follows
function

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 
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Dysfunction
Delineated from
Dysmorphism
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Presenter Notes
Presentation Notes
Let‘s get an idea of the complexity of the problem and talk about canvases and combinatorics. Our genome comprises roughly 10^9 bp. On that template we can vary certain position and this will result in certain dysfunction. This dysfunction then results in characteristic phenotypes or facial gestalts. A square can be be viewed as a canvas where I can modify every pixel.



Encodings on different canvases

• Bases in the genome 3*10 e 9 
• Pathogenic variants 10 e 10 Dysfunction
• Cells/atoms in body 3*10 e 15/28 
• Seed phrases: 5*10 e 39  (=2048 e 12 )
• atoms in the universe: 10 e 81 
• QR combinations: 8*10 e 297 (2^33^33)
• a 100x100 px portrait: NaN Dysmorphism
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Is there a correct answer to the lumping and splitting question?

36

Next-generation phenotyping Lumping and splitting

The picture can't be displayed.

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



The picture can't be displayed.

Family similarities

*       = Victor

Presenter Notes
Presentation Notes
Does Viktor, one of my brother's twins, look more like his father or his mother? If I were to do a poll, it could be that there is a slight trend towards the mother. However, what does it mean? First, objectifying similarity is not trivial, and second, the question may not be well posed after all, if it cannot be answered unambiguously. If I were to ask about eyebrows, for example, significantly more of you would probably agree that Viktor got them from his mother. The fact that certain phenotypic features of the facial gestalt are inheritable is also the basis of dysmorphology.



Discuss measurable features?

Kabuki make-up Syndrome HPMR-Syndrome
(aka Mabry S)

CTRCT46-Syndrome
Cataract 46, Juvenile-Onset, w/wo Arrythmic

Cardiomyopathy 

Presenter Notes
Presentation Notes
For example, many of us learned to recognize a distinct shape of the eyebrows in patients with mutations in KMT2D and we even named the entire disorder after this finding to teach us. / For the other two syndromes, probably fewer could name the right diagnosis. However, is this because it is a less recognizable or distinct facial gestalt or because less of us learned to recognize it? I will try to answer this question for two artifical intelligences that I know quite well. One ist called DeepGestalt and has been described in Nature Medicine already two years ago. And the other is a further development of DeepGestalt and we call it GestaltMatcher. GM will also be the main topic of my talk today.



The (subjective?) answers of Explainable AI (XAI)
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Factors that influence the performance of an AI

• Architecture of the network

• Learning algorithms

• Training data (prior and post knowledge transfer)

41

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Working on the L&S problem with NGP 

42

Next-generation phenotyping Lumping and splitting

The picture can't be displayed.

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Conclusion

43

• GestaltMatcher can facilitate the patient 
matching of ultra-rare disorders.

• GestaltMatcher can contribute to the 
longstanding discussion of lumping and 
splitting decisions.
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Presenter Notes
Presentation Notes
In the end, I would like to thank to all the collogues in IGSB and Translate NAMSE and all the people who contributed to this study and the database. Thank you. I am happy to answer all the questions.



Acknowledgements
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Join FAIR GMDB and 
become a coauthor!

Thank you!
Contact us: 

info@gestaltmatcher.org

Presenter Notes
Presentation Notes
We are currently working on our manuscripit and are looking for more collaborators who are willing to share their patients. Everyone who will contribute his or her previosly unpublished patient to GMDB, will become a coauthor of the manuscript that we aim to submit by the end of the year. For that purpose the case has to be uploaded to GMDB, with the appropriate consent. If you are interested in the database or in collaboration, dont hesitate to contact us. Thank you for your attention. I am looking forward to your questions.



Interpretation of the achieved accuracyWhat to expect in the coming months and years

DeepGestalt
2019

2015
DCNN

2017
FaceID

2019
ArcFace

GestaltMatcher
2022

ensembles
and meta

Bones, Eyes, etc.



What to expect in the coming months and years

47

Face2Gene Eye2Gene Bone2Gene

ABCA
4

ABCA4

USH2A CHM

EFEMP1

LEMD2                    PACS1

PRKAR1A

PIGV SHOX

RMRPPIGV KMT2D



Questions I would like to address in my talk

• How do I measure the performance of an AI?

• What influences the performance of an AI?

• How do I compare the performance of two different AIs?

48

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Performance comparison of AIs

• You need to make sure that the same training and test data is used

• You need to make sure that the same training and test data is used

• You need to make sure that the same training and test data is used

49

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Questions I would like to address in my talk

• How do I measure the performance of an AI?

• What influences the performance of an AI?

• How do I compare the performance of two different AIs?

• What is a FAIR database?

50

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



R - Reusable 51

GMDB data is reusable (and therefore suitable for benchmarks)
The picture can't be displayed.

Presenter Notes
Presentation Notes
For doing analysis using the GM approach you can reuse all the data that it stored in the GMDB. It is also possible to directly compare your case to the other cases from the literature, by reusing the data that is already in the database.(klick)



Questions I would like to address in my talk

• How do I measure the performance of an AI?

• What influences the performance of an AI?

• How do I compare the performance of two different AIs?

• What is a FAIR database?

• What can I do with GestaltMatcher in Research?

52

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 
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The picture can't be displayed.

The picture can't be displayed.

The picture can't be displayed.
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The picture can't be displayed.

The picture can't be displayed.
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Interpretation of the achieved accuracyFirst real world example DeepGestalt

DeepGestalt
2019

2015
DCNN

2017
FaceID

2019
ArcFace

GestaltMatcher
2022

Ensembles & Few Shot
2023

Google‘s
faux pas
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Yune et al. (2018)

The AI predicted sex based on 
only hand X-ray with 95% 
accuracy

Two human radiologists 
predicted sex based on only 
hand X-ray with 58% and 46% 
accuracy.

AI can predict sex from hand X-ray
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Is there a correct answer to the lumping and splitting question?

61

Presenter Notes
Presentation Notes
Since you don’t seem to agree on the answer, I discussed this issue with chatGPTObjective based on facts and evidence, while subjective is based on personal opinions, beliefs, feelings, or experiences



Is there a correct answer to the lumping and splitting question?

62

Presenter Notes
Presentation Notes
She thinks she is!



Is there a correct answer to the lumping and splitting question?

63

Presenter Notes
Presentation Notes
For objectivity the matter of interest needs to be measurable.



Can AI be more objective?
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Presenter Notes
Presentation Notes
While evidence based, it involves subjective elements, such as individual experience
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Interpretation of the achieved accuracyNGP timeline

DeepGestalt
2019

2015
DCNN

2017
FaceID

2019
ArcFace

GestaltMatcher
2022

Ensembles & Few Shot
2023

Google‘s
faux pas



Google’s Faux Pax in 2015
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Google Mistakenly Tags 
Black People as
‘Gorillas,’ Showing
Limits of Algorithms

Black programmer Jacky 
Alciné said on Twitter that
the new Google Photos
app had tagged photos of
him and a friend as
gorillas. (2015)

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Potential pitfalls in early AI are now circumnavigated by censorship

68

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Questions I would like to address in my talk

• How do I measure the performance of an AI?

• What influences the performance of an AI?

69

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Factors that influence the performance of an AI

• Architecture of the network

• Learning algorithms

70

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Factors that affect the performance of an AI: Algorithms

71

DeepGestalt was supervised learning

Meta-learning is learning how to learn

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Factors that affect the performance of an AI: few shot meta learning

72

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 



Factors that affect the performance of an AI: few shot meta learning

73

Presenter Notes
Presentation Notes
There are two main parts in my presentation. First, I will briefly introduce the current status of the GestaltMatcher Database and why we established this database and open it to clinicians and scientific researchers. Secondly, I will talk about the most import thing behind the research platform, the GestaltMatcher approach and how we use it to analyze patient cohorts and answer the splitter questions. 
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Presenter Notes
Presentation Notes
Mitch McConnel
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