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“If | read and memorized two medical journal
articles every night, by the end of a year I'd be
400 years behind”

Donald Lindberg, director of US NLM



Machine reading comprehension is fine-grained
question answering

Answer




How Microsoft is using machine reading comprehension to help
create a 'literate machine’

September 18, 2017 | Allison Linn Artificial Intelligence

REPORT \ TECK \ ARTIFICIAL INTELLIGENCE

No, machines can't read better than humans

Headlines have claimed Als outperform humans at ‘reading comprehension,” but in reality th: @ Thef@nimated guide to machine reading (Explanimat

e 2 Google DeepMind

By James Vincent | Jan 17, 2018, 9:23am EST

| IS R Teaches Artificial
ot AN I Mzas:Intelligence Machines to

A three-minute guide to how machine reading could make your job Read

easler

September 26, 2017 | Microsoft reporter The best way for Al machines to learnis by feeding them huge data
gom R es, and the Daily Mail has unwittingly

AT BEAT HUMANS AT READING!
MAYBE NOT

___________ Al'models beat
humans at reading
comprehension, but
they’ve still got a
ways to go

Rese: s at the Allen Institute for Artiicial Intefigence in Seattle. (Stuart Isett for Thy

By Dr rweil

When computer models designed by tech giants Alibaba and Microsoft this
month surpassed humans for the first time in a reading-comprehension test,
both companies celebrated the success as a historic milestone

Luo Si, the chief scientist for natural language processing at Alibaba’s Al
research unit, struck a poetic note, saying, “Objective questions such as ‘what

4



Machine reading for medicine

Promise for the future of clinical decision making

Physicians seek information from (un)structured clinical records

@ “Why was the patient prescribed arginine?”

Physicians seek domain knowledge

@ “Does arginine reduce the length of recovery after surgery?”
Resource bottleneck!

Specialized domains like medicine lack machine reading datasets

Setyo Ari Wibowo from the Noun Project



Some recently published datasets

CNN / Daily Mail

CoQA /\ f o e

OtbotOA xes of variation

MS MARCO Multi-choice vs. span-based answering
MultiRC . :
NewsOA Human vs. automatic construction
QAngaroo Human-like questions vs. queries
gﬁiﬁ Single- vs. multi-hop reasoning
SQUAD Requiring background knowledge
Story Cloze Test Text types

Recipe QA

Narrative QA

DuoRC

DROP
Source:

https://github.com/sebastianruder/NLP-progress


https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#cnn--daily-mail
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#coqa
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#hotpotqa
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#ms-marco
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#multirc
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#newsqa
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#qangaroo
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#quac
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#race
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#squad
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#story-cloze-test
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#recipeqa
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#narrativeqa
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#duorc
https://github.com/sebastianruder/NLP-progress/blob/master/english/question_answering.md#drop

Some recently published datasets

CNN / Daily Mail

CoQA
HotpotQA

MS MARCO

MultiRC

SQuAD

Story Cloze Test

Recipe QA
Narrative
DuoRC
DROP

Source:

A

Domain
News

Literature, English exams, news, Wikipedia, science, ...

Wikipedia

Web search

Fiction, news, Wikipedia, science textbooks, ...
News

Wikipedia, molecular biology
Wikipedia

School exams

Wikipedia

Stories

Cooking recipes

Literature, movie scripts
Movie plots

Wikipedia

https://github.com/sebastianruder/NLP-progress
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What we did

e Created a dataset from clinical case reports

e Automated question construction: gap-filling queries where the
answer can be a treatment, a test or a problem

e Analyzed performance of different machine readers

e Examined the required reading skills: in what ways is answering
difficult?



Hemorrhagic stroke

CASE REPORT

Intracavitary ultrasound (ICARUS): a neuroendosco
adaptation of intravascular ultrasound for
intracerebral hemorrhage evacuation

Alexander G Chartrain, Danny Hom, Joshua B Bederson, J Mocco,

Christopher Paul Kellner

S Small, V Murthy, A V Sridhar
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A 12-year-old boy presenting with unilateral proximal
interphalangeal joint swelling
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Reminder of important dinical lesson

Conservative management of an abdominal gunshot
injury with a peritoneal breach: wisdom
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A report on a rare case of Klebsiella ozaenae causing atrophic

rhinitis in the UK
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established drug/procedure in new sif

Burning mouth syndrome due to herpes simplex

virus type 1

Maria A Nagel," Alexander Choe," Igor Traktinskiy,' Don Gilden'

SUMMARY

Burming mouth syndrome is characterised by chronic
orofacial burning pain. No dental or medical cause has
been found. We present a case of buming mouth
syndrome of 6 months duration in a healthy 65-year-old
woman, which was associated with high copy numbers
of herpes smplex vinus type 1 (HSV-1) DNA in the
saliva. Her pain resohved completely after antivical
treatment with a corresponding absence of salivary HSV-
1 DNA 4 weeks and 6 months later

BACKGROUND

Burning mouth syndrome is a chronic, burning sen-
sation in the mouth, with o underlying dental or
medical cause. The burning sensation can be unilat-
cral or bilateral and is localised to the lips, tongue,
hard or soft palate. The prevalence varies from
0.7% to 7% and is scen in up to 18% of postmeno-
pausal women.! ous treatment has included
antidepressants, cognitive  behavioural  therapy,
analgesics, hormone replacement, a-lipoic acid and
anticonvubsants,”

CASE PRESENTATION

A previously healthy 65-year-old woman developed
2 burning sensation in her mouth, localised to the
right buccal mucosa and anterolateral two-thirds of
the tongue. The burning increased when she
brushed her tecth and usually decreased within
10 min. Pain resolved spontaneously after 4 weeks.
One year later, burning pain in the same distribution
recurred and became constant. Dentists, incloding
an oral surgeon, found no mucosal lesions or other
abnormalities. N rehief  was  provided by

20ster virus (VZV),* and HSV-1* and F
performed as previously described.* PC
cies for VZY, and of herpes simplex vi
(HSV-1) and HSV-2 were similar (104
102, respectively), and range of detect
three viruses was 10-10° DNA copics pr
Saliva contained cellular GAPDH anc
copies of HSV-1 DNA per mL, but ©
HSV-2 DNA

TREATMENT

The patient was treated with oral valac
three times 3 day for 10 days, followed
dlovir, 1 g daily for 1 year.

OUTCOME AND FOLLOW-UP

The mouth pain resolved mm;-lud. wi
after antiviral treatment. PCR of sal

6 months after starting antiviral
50 HSV-1, HSV-2 or VZV DNA. The
remained pain free for 1.5 years after dis
antviral therapy.

DISCUSSION

No prior reports have associated th
mouth syndrome with HSV-1 or any ¢
HSV-1 is a ubiquitous human a-herpe
becomes latent in most cranial nerve ga
to 70% of individuals.' The trigemina
which provides sensory afferent innerva
face and mouth, is the most common e
ganglion infected.” HSV-1 reactivation
causes recurrent cold sores (herpes la
ocular disease (herpes keratitis). HSV-1
facial pain and, rarely, encephalitis, a1




BMJ Case Reports
25 most common medical specialties:

surgery -
neurology -

diagnostics- .

cardiovascular medicine - .
infectious diseases- .
gastroenterology - .
oncology - .
radiology (diagnostics) - .
aediatrics - .
endocrinology - .
video reports- .
respiratory medicine - .
emergency medicine - .
gastrointestinal surgery - .
radiology - °
general surgery - .
pathology - .
neuroimaging- .
rheumatology - .
drugs and medicines- e
or:trr:o aeldics- .
ophthalmology- e
dentistry and oral medicine- e
obstetrics and gynaecology-
haematology- e

Specialty

1 2
Percentage
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CASE REPORT
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Conservative management of an abdominal gunshot
injury with a peritoneal breach: wisdom
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» Nonope:

REFERENCES
Learning points
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in a select group
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environment, where geo-poltical situations result in

» Adinkal ablomina examination and CT scan are useful
tooks in management,

‘management should be discontinued if the patients develop
peritoneal signs and haemodyramic instabiiy.
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Build queries from Learning points

|dentify medical entities

Blank out one entity at a time
Blanked-out entities become ground-truth
answers

Extend the ground-truth answers with
synonyms in UMLS

query: A clinical abdominal examination and

are useful tools in management.

answer: CT scan (CAT scan, computerized
tomography, . ..
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CASE REPORT

Conservative management of an abdominal gunshot
injury with a peritoneal breach: wisdom

or absurdity?
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Build queries from Learning points

e |dentify medical entities

e Blank out one entity at a time

e Rlanked-niit entitiees hecome ground-truth

> 100k instances (queries) answers with

~56k different answers

avg. passage length: 1.5k tokens

2xamination and
are useful tools in management.

answer: CT scan (CAT scan, computerized
tomography, . ..
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Passage:

Query:

Answer:

A 22-year-old woman presented to the emergency room
with headache and confusion. The symptoms had woken her
in the morning and progressively worsened through the day.

Neurological examination demonstrated left lower facial
paralysis with aphasia, dyscalculia, dyslexia and
fingeragnosia, clinically Gerstmann syndrome. Further
examination showed no abnormalities. A non-contrast head
CT was performed and showed a left parietotemporal venous
infarction and a small juxtacortical haemorrhage. An
additional MR angiography showed occlusion of the left
transverse sinus and a T2-weighted MRI showed a venous
infarction with a juxtacortical haemorrhage just beneath the
sulcus.

Upon performing an MRI, an accompanying was
found near the bottom of the sulcus.

juxtacortical haemorrhage

Source: BMJ Case Reports
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Baselines

Random and frequency-based selection

Language model

e Kneser-Ney LM to predict the most likely word/concept based on 3
preceding words in the query

Embedding-based

e Pick the concept whose context representation is maximally similar to
the context of the query

14



A simple neural approach Answer

Query

palpation
A

1
1
1

. abdominal examination and ... decision was made ...

Passage



A simple neural approach Answer

palpation

multi-class
logistic regression

weighted sum

lsimilarity

P3

00 000
00 000 00 000 00 000
| LSTM2 |« LSTM2 |<\| LSTM2 | | LSTM2 |<\-{ LSTM2 |<f| LSTM2 |
| LSTM1 [} LSTM1 |}->{ LSTM1 | | LSTM1 |}->{ LSTM1 |/ LSTM1 |
[ N N J ( N N J [ N N J [ N N J ( N N J [ N N J
! ! ! ! ! 1
w2v w2v w2v w2v w2v w2v
| | | | | |
.. abdominal examination and .. decision was made ..

Query Passage



Neural readers

Stanford attentive reader (Chen et al. 2016)
(see previous slide)

Gated-attention reader (Dhingra et al. 2017)
e Adds iterative refinement of attention
e Answer prediction with a pointer

Key-value memory network
(Miller et al. 2016)
e Memory keys: passage windows
e Memory values: entities from the windows
e Encoding word and entities as vector
averages

pretrained biomedical
word embeddings

answer candidates =
passage entities

random search for
hyperparameter selection

17



Human estimate

Answered 100 random instances from the development set
One person with medical background

One person without medical background

Comprehension skills

We annotated those 100 instances with all required skills

A set of 13 skills

18



Machine vs. human results
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Additional observations

Human performance tops at 54 F1: Some queries may be unanswerable

Both MemNet and Stanford reader suffer from having a classifier on top
with a huge output space

MemNet additionally lacks good encoding of input

20



Comprehension skills

schematic- ® O
meta- ® O
causality - L] O
tracking- ® O
logical - ® @)
punctuation- 3
coreference- -] O
bridging- @ 5,
elaboration- e O
spatiotemporal - ] @)
ellipsis- ° o
none- @
analogy- - °
0 10 20 30 40 50 60 70 80 90 100
% F1

Skill

SkillFreq © 20 @ 40 @ 60 Answers ° Human * Machine 21



Conclusion

A new dataset for clinical machine reading

e exploiting the structure of case report articles
e large and challenging
e varied skill requirements

We should be incorporating domain knowledge, object tracking,
coreference resolution, temporal reasoning...
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More information

Original paper:
Simon Suster and Walter Daelemans (2018) CliCR: A Dataset of Clinical Case
Reports for Machine Reading Comprehension. In NAACL.

Agreement with the publisher to freely distribute the dataset for research
purposes (send me an e-mail)

Clinical NLP efforts at our lab: https://clips.aithub.io/

Our clinical NLP software: https://aithub.com/clips/accumulate

University of Antwerp’s Al center: https://antwerp.ai/
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