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Artificial intelligence

Any technique enabling

computers to mimic human

behaviour Machine learning

Al technigues enabling

computers to learn without Deep learning

being explicitly programmed ML techniques based on

multi-layer artificial neural

networks

1950's 1960's 1970's 1980's 1990's 2000's 2010's

Adapted from https://www.abpconsultancy.com/post/what-is-artificial-intelligence
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DEEP LEARNING 101




DEEP LEARNING 101

Features Hidden layer 1 Hidden layer 2 Output
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PREVALENCE AND ADVERSE OUTCOMES
OF DRUG-DRUG INTERACTION

Causal inference about adverse outcomes of DDIs (part Il)
Matching with high-dimensional propensity scores (lasso logistic regression)
843 features

Mortalitet og genindlaeggelse: betinget Cox-regression

Length-of-stay: betinget Poisson-regression

Rodriguez et al 2022. Drug interactions in hospital prescriptions in Denmark: Prevalence and associations with adverse outcomes. 10.1002/pds.5415


https://doi.org/10.1002/pds.5415

RENAL DYSFUNCTION AND RISK OF
INAPPROPRIATE DRUG DOSING

Praediktionsstudy
>0, 21, 22, =3 and =5 daily inappropriate doses af udvalgte stoffer
98 features (handplukkede)
Ridge logistic regression vs. neural networks

xAl til at identificere prediction drivers

Kaas-Hansen et al. 2022. Using Machine Learning to Identify Patients at High Risk of Inappropriate Drug Dosing in Periods with Renal Dysfunction. 10.1002/10.2147/CLEP.S344435 10


https://doi.org/10.2147/CLEP.S344435

MACHINE LEARNING
| JOURNALNOTATER




32-arig kvinde indbringes af Falck via egen lzge pga. tiltagende andeengd gennem 2-3 uger.

ANAMNESE: Opstartet p-pillebehandling for ca. 2 maneder siden. For 2-3 uger siden pludseligt opstaet andengad
og intermitterende brystsmerter, ingen forverring eller bedring ved fysisk aktivitet eller hvile. Ingen hamoptyse.
Har ikke lagt marke til rallende vejrtrekning. Patienten fortzller, at der har varet flere tilfelde af blodpropper i

familien, bl.a. dgde patientens mor af en lungeemboli. Patienten egentligt velbefindende ved undersagelsen.

OBJEKTIVT: VKO. Normale halsvener. St.c.: Regelmassig aktion uden hgrbare mislyde. St.p.:Vesikular respiration
bilateralt, ingen bilyde og normale lungegrenser. Abdomen fladt og ugmt ved palpation, livlige tarmlyde.
Overekstremiteter og hojre underekstremitet upafaldende.Venstre leg red og varm; leggmhed og popliteagmhed.
Normale fodpulse bilateralt.

KONKLUSION: 32-arig kvinde, nyopstartet i p-pillebehandling nu med symptomer forenelige med DVT og
lungeemboli. ABC-stabil ved undersagelsen. Indlegges til videre behandling.

| 16 unikke ord
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ONE-HOT-
ENCODING AF
TOKENS

Antal dimensioner =

antal unikke ord i corpus

Kan ikke handtere stavefejl

0g synonymer
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TOKEN EMBEDDINGS

(3. 4)
pneumonia kidney Failure
(1. 3)
tonsilitis COPD
sore throat
headache
neuralgia
Impotence <

man NIV

(3,-1)

dialysis
-2 0 (1' _2) 2 4

NIV: non-invasive ventilation

COPD: chronic obstructive pulmonary disease
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TOKEN EMBEDDINGS

pneumonia
(1, 3)
tonsilitis COPD
sore throat
headache
neuralgia
Impotence <
man
dialysis
7 0 (1.-2) 5

NIV: non-invasive ventilation

COPD: chronic obstructive pulmonary disease

(3, 4)

kidney Failure

NIV
(3, -1)

NIV + COPD - dialysis

kidney failure
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VECTOR SIMILARITY

One-hot vectors

Embedding vectors
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LANGUAGE-AGNOSTIC SAFETY SIGNAL
DETECTION IN CLINICAL NOTES

Case-control-lignende design
Maj 2008 til juni 2016
Alle indleeggelser fra 500.000 tilfeeldigt udvalgte voksne
Doorstep medication profiles fra sygehusmedicindata
Alle notater fra forste 48 timer af indlaeggelse

fastText-embedding af tokens fra notater

Kaas-Hansen et al. 2022. Language-agnostic pharmacovigilant text mining to elicit side effects from clinical notes and hospital medication records. 10.1002/10.1111/bcpt.13773 17


https://doi.org/10.1111/bcpt.13773

SUMMARY STATISTICS

Inpatient admissions

Median age

Clinical notes

Doorstep drug prescriptions
Admissions with =5 concurrent drugs
Tokens after pruning

Neural network models trained

Models with pertinent signals

2,905,251 (54% of women) <«—
58 years (IQR: 33-73)
10,788,259
13,740,564
1,184,340 (41%)
' |
179,441,739 — per-admission median: 51 (IQR: 29-80)
10,270 «—

3,945 (38%) «—
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FINGERPRINTS (SINGLE DRUGS)

Antipsychotics

| S

| DEPRESSION
=

' ——  DYSTONIA
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PARKINSONISM

=—

Antihypertensives
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EVALUATION

Relevance, single drugs Known interaction Relevance, drug pairs
hypersalivation I I , ,
incontinence e —— Undocumented (interesting)
hausea I ]
dry mouth . Known
Autonomous | constipated —
vomiting —— I Protopathic bias/bias-by-indication
orthostatic dizziness I
trouble urinating | E— Spurious
akathisia ! [ [ ] I Y T e ]
asthenia I ]
Mental @ depression — T T
indifference [ I
sedation I ] I
dystonia ] ]
hyperkinesia [ I
Neurol ogica | | restlessness .

parkinsonism I
tremor I
amenorrhoea ]
galactorrhoea ] ! [

Other @ gynaecomastia E— —
sexual side effects ]
weight gain I

0 3 6 9 12 15 0 1 2 3 4 5 0 1 2 3 4 5
= 28 (8%) =16 (14%)
- =186 (54%) B -2 %)
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KONKLUSION

End-to-end pipeline drug safety mining i fritekst og strukturerede medicindata
Okay hit-rate med fornuftige signaler
Kan athjaelpe problemer med metoder mest til engelsksproget tekst
Embedding indeholder potentielt tfalsomme oplysninger => kan ikke deles

Behov for at kunne bruge data pa tveers af sprog
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CLEARING
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DATA TRANSFORMATION

Raw data
Normalisation
One-hot-encoding

Embedding

Mean encoding

PROCESS MODELLING

Generalised linear models
Penalised regression
Artiticial neural networks
Tree-based models

Support vector machines

OUTCOME MODELLING

Binary (survival)

Continuous (biomarkers)

Discrete numeric (counts)

Multivariate (time-to-event)
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Studieperiode

Datakilder

Kriterier

Referencesaet

DATA

18. maj 2008 t.o.m. 30. juni 2016

EPM1+3 og OpusMedicin

Journalnotater (kontinuationer)
Alle indleeggelser for 500.000 tilfeeldige voksne patienter

ADRs: pro.medicin.dk

DDIs: DrugBank, Danish Drug Interaction Database

Manuelt review: UKU side effects rating scale
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http://pro.medicin.dk

Doorstep medication profiles

———————

_______

Time of admission

Clinical notes

48 hours

Multilayer perceptrons

¢
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Embedding model
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vital signs
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UKU domains (4)
UKU terms (23)

Synonyms (116)
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AUTOMATIC MACHINE TRANSLATION
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