
Intelligence augmentation
for medical diagnosis

Ole Winther

DTU Compute & FindZebra IVS

Joint work with: Dan Svenstrup, Jonas Meinertz Hansen,
Mads Emil Mathiesen and Henrik L Jorgensen

November 20, 2017



Message time!

• Technological progress does not happen by itself!
• Monolithic systems not a good idea
• better give the user freedom to choose between systems.
• Computer systems can be integrated through APIs.

• FindZebra - a
search engine for
rare diseases

• Using machine
learning to improve
search

• Putting text
understanding in the
hands of users!
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Ellen’s case story

For 25 years, Ellen struggled to find a
diagnosis for the multitude of debilitating
symptoms that seemed to increase year
after year.

• Her symptoms included muscle cramps, intense
headaches, rapid weight gain, fatigue, edema, intolerance
to heat, excessive sweating, joint pain, tingling in her
hands and feet, frequent bone fractures, acid reflux,
intense anxiety and panic attacks, high blood pressure,
high cholesterol, high blood sugar, sleep apnea, menstrual
irregularities, peripheral vision loss and double vision.

• Source: http://www.uptodate.com/home/ellen-uses-
uptodate-find-diagnosis

• Any suggestions? - Get back to case in demo.

http://www.uptodate.com/home/ellen-uses-uptodate-find-diagnosis
http://www.uptodate.com/home/ellen-uses-uptodate-find-diagnosis


Rare diseases - enter FindZebra.com
“When you hear hoofbeats behind you, don’t expect to see a

zebra”

• Rare diseases hard to diagnose.
• FindZebra – use latest information technology for faster

and more accurate diagnosis
• We want to change the culture of how physicians approach

diagnosis



Test queries - examples

• Normally developed boy age 5, progressive development
of talking difficulties, seizures, ataxia, adrenal insufficiency
and degeneration of visual and auditory functions: ?

• 14 year old, teenage boy, mild mental retardation, proximal
muscle weakness, unable to walk (wheelchair-bound),
premature ventricular complexes, ophthalmoparesis: ?

• fever, anterior mediastinal mass and central necrosis: ?
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• Normally developed boy age 5, progressive development
of talking difficulties, seizures, ataxia, adrenal insufficiency
and degeneration of visual and auditory functions:
Adrenoleukodystrophy autosomal neonatal form

• Ranks: FindZebra=2 and Google search = -
• 14 year old, teenage boy, mild mental retardation, proximal

muscle weakness, unable to walk (wheelchair-bound),
premature ventricular complexes, ophthalmoparesis:
Autosomal recessive centronuclear myopathy (ARCNM)

• Ranks: FindZebra=2 and Google search = -
• fever, anterior mediastinal mass and central necrosis:

Lymphoma
• Ranks: FindZebra=7 and Google search = 1

• Dragusin et al, 2013: 56 rare disease cases, recall@20:
FIndZebra 63% and Google 32%
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FindZebra technology - some highlights

• Standard search interface (Google simple to use)
• Extra information with each article (source, genes, drugs)
• Geneview
• Symptom synonyms
• Login functionality
• Dedicated mobile search version



FindZebra search



FindZebra extra information



FindZebra geneview



FindZebra synonyms



Improving search w good data and machine learning
• FindZebra uses high quality sources (NIH, OMIM,

OrphaNet, Wikipedia)
• 14k+ articles on 8k+ diseases (UMLS)

• Expand dataset by
• Search w disease name and extract data from found

domains (eg. WebMD)
• Use PubMed Central Open Access case studies with

disease name in title.
• Machine learning is data hungry:

• Use deep learning models
• Train on text snippets.

• Recall@20 performance on 250 test queries:

• Ensemble of best two: 81.05%.
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How can we get digital innovation into healthcare?

• We can improve diagnosis with machine learning driven
hypothesis generation and

• add AI to patient-healthcare system interaction, however

1 How to fit into the current very set system?
2 Who will pay for digital healthcare solutions?
3 What is the best set-up for pilot studies and distribution?

• findzebra.com - a search engine for rare diseases
• Large potential for tools in the patient-healthcare system

interface
• Augment human intelligence - do not replace it.

findzebra.com
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Thank you!
olwi@dtu.dk
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