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PROBLEMS

Too much health data

Health data is all over the place
Health data is not standardised

Data is stored inflexibly



HIERARCHY OF NEEDS
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What We Want What We Have

Unstructured Data

Structured Data
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The original way of producing and cleaning data

Gt
GHerete)




Add a new Electronic Health Record System?
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Death by a Thousand Clicks: Where
Electronic Health Records Went Wrong

The U.S. government clalmed that turning Americ s Into electronic records would make health care better,

safer, and cheaper. Ten years and $36 billion later, the system is an unholy mess: Inside a digital
joint investigat alth

lion by Fortune and Kaiser Health News.

revolution gone wrong. A



The Journey of Kings and Guys & St Thomas

King's College m I.NG’S m
: College , :
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MNHS Foundation Trust NHS Foundation Trust




BMC Medical Informatics and Decision Making

Home About Articles In Review Submission Guidelines

Software | Open Access | Published: 25 June 2018

CogStack - experiences of deploying integrated
information retrieval and extraction services in a large
National Health Service Foundation Trust hospital
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Clinical Record
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Scoping the level of under-coding found in unstructured text

Mismatch of patients having OPD
procedures documented in letters
(RED) versus what is coded on
appointment systems (BLUE)

AfCNTD PldxLer PO drid gecegey T rur dri Akl WUE UrLnpdasu i LELnrrL rari
a further to correct adduction-varus in plantargrade and
a below knee [E534. His AFO should be ready in X-3 weeks., we
have arranged to see ¥¥XX in X weeks and may consider a further manipula
tion and cast should dynamic varus and adductus warrant further correcti
on. However, I am mindful of the fact that XXX has been in a zin
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2x increase in coding in
just 3 weeks

Court

Assessing the usefulness of Cogstack for

supporting

5431 : Removal of clip from skin of head or neck -
5432 : Removal of clip from skin NEC

TE25 : Injection into bursa

W203 : Injection of therapeutic substance into joint
®482 : Change of plaster cast

£481 : Application of plaster cast

X491 : Application of splint NEC

X483 : Remaoval of plaster cast

Unique Patient_|D Counts from

Cogstack

1000

800 |

600

400

200

b

- Sl g

n "l:_-l
B e R
3:3§SS:§:2:3E‘§EEEES?Z‘S?:E‘:
““““““ > e © 06 ©¢ €6 2 = = 2
§§§§‘—555‘-£Eg£3333::nn:g:(3

OP Procedures

Count of OP attendances with a procedure
code recorded for the attendance.

Line (dashed) shows:
[ % coded appointments

Attendances only.




Streaming unstructured data feeds of the hospital

KCH (900 beds)
PRUH (600 beds) Guys & St Thomas (850 beds

cogstack.gstt.nhs.uk:
Covid_Canary_GSTT_Dashboard

signal Covid_Canary_Timelion_v2®
und noise
Freetext hig

W Freetext waming signal

Possible Covid or other viral Pneumonia (unsmoothed)
B Warning level (smoothed for weekly cycles)

Background level (smoothed for weekly cycles)
High level (smoothed for weekly cycles)
Current 21-day trendline

Covid Timelion Cogstack Derlvative Function

Differential / Gradient / Covid_Canary_Timelion_v2_differential

Sustained Increase Warning
April 11th|2020, 02:36:33.003
Differential of preceding 28 days (approximation of R) (1.09)
Above growth threshold (1.09)




Real-time Data feed of flu or flu-like illness

i Flu or flu-like symptoms

?Actual H1IN1 lab samples

Actual H3N2 lab samples




Human-lite Data Processing Pipeline

SORTED ARRANGED g\r\:\Al\LYTlcs
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Applied
Data needs to be ‘laked’ in Structured form entry Terminologies Reduces the noise for a Supports and enhances
one place (SNOMED CT) more specific purpose, clinical applications:
and applies expert Clini .
Metadata automation knowledge Clinical Audit
“Data lakes” Attach meaning to the De-dupli q -Analytics
_ o unstructured data e-duplicate Al
Avoid overdesigning Contextualised
Heterogeneous data types, structure . e
agnostic Mismatch adjudication




Natural Language Processing

» Designed for free-form digital text
« Language Al for common languages already very mature
« Clinical language NLP is in rapid development and past proof-of-concept phase

CogStack Al-based language
processing

Documentation (Wiki):
https://cogstack.atlassian.net/wiki

[spaces/COGDOC/overview

Slack:
cogstack-dev.slack.com

GitHub:
https://github.com/CoqgStack/

The NHS Al Lak

Cogstack

24 August 2020

en source real-time data warehousing too
r an efficient way of coding that improves financial anc

ational efficiencies for NHS providers

Case study

King's College Hospital NHS Foundation Trust, together with the South
pital, have developed an opensource re
| ousing tool called ‘Cogstack’ that improves
»fficiency significantly

Vv Download full PDF

(PDF, 105.2 KB)

Artificial Intelligence in Medicine

Volume 117, July 2021, 102083

Multi-domain clinical natural language
processing with MedCAT: The Medical
Concept Annotation Toolkit

Zeljko Kraljevic * !, Thomas Searle " 1, Anthony Shek ¢, Lukasz Roguski '
Bean * °, Aurelie Mascio * ', Leilei Zhu % ", Amos A. Folarin %'

Mark P. Richardson ¢, Robert Stewart * ', Anoop

Teo © 8, Richard ).B. Dobson * > "2 &



https://cogstack.atlassian.net/wiki/spaces/COGDOC/overview
https://github.com/CogStack/

Training Al to recognise medical words and sentences

Train Annotations: Drug Names Annotation

Clinical Notes

are seeing them m | think.
Current (=100
[= 0y Es GG ] 700 mg twice a day

G RO twice a day (introduced in October following a recent admission with serial
seizures)

am
fwice a day

twice a day, currently 1 mg 77 correct dose.

Thyroxine 50 pg/day

Cerazette

Desogestrel 75 pg/day (taken to prevent bleeding not fcr - | mentioned to her

mother that effect would be reduced by current enzyme inducing Bl dil=vils

)
(chest pain)

. recenfly disconfinued because of a fummy upset

[ Co-codamol}f Paracetamol § Ibuprofen [ Piriton REEEESEEEN

[ effect would be reduced by

current enzyme inducing ELLE gl )

? contributing to low mood also heavy bleeding occurring ? needs another [iligl=lill)
method

Her mood is very low, staying in her room / not going out.

| ! | g | | Correct | Remove | Alternative Concept
o

Client ID Code | 3978 Remaining @

Concept Summary

Annotated Oral contraceptive was stopped

Text

Name contraceptive oral stopping

Term ID To61

Semantic Therapeutic or Preventive Procedure
Type

Concept ID C0419515
Accuracy 1.00

Description n/a



Training and testing Al across many diseases

Cumulative # of unique concept terms encountered
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Top left to bottom right: MedCATtrainer annotation projects with respective numbers unique concepts
seen throughout annotating and the number of configured concepts: Covid_COPD (5/2012),
Covid_Gastro (8/679), Diabetes_Covid (15/864), Covid_CTPA_Reports (194/297280)



Training and testing Al by rotating through hospitals
e, Q" we

KCH model
trained unsupervised with ‘__;3
UCLH Data ™ CogERa
training examples .

A
Supervised M6 g\ % Clinical Record
training with annatated — Systems | EPR /
.;;" KCH data ) o ) E EPIS
P Supervised training with
Clinical Record @ M3

annotated UCLH Data
Systems / EPR /

EPIS MIMIC mode| trained
unsupervised with KCH data

M7
M1

M M2 Base Model — No
. Training

Base Model with

KCH model trained .
unsupervised with SLaM .;:;J
data ] Cocsiter

A
Me & o Clinical Recard
Systems / EPR /

MIMIC Training pis
Model Training Configuration Hospital Test # Annotated F1pu S:f.f.:t';ff;flmi::
Site Examples

M1 Base - No Training KCH 3.358 0.638
M2 Base + Self-Supervised MIMIC-111 KCH 3.358 0.840
M3 Base + Self-Supervised KCH KCH 3,358 0.889
M4 KCH Self-Supervised + KCH Supervised KCH 3.358 0.947
M4 KCH Self-Supervised + KCH Supervised UCLH 499 0.903
M5 KCH Self-Supervised + KCH Supervised UCLH 499 0.905

+ UCLH Self-Supervised
M6 KCH Self-Supervised + KCH Supervised UCLH 499 0.926

+ UCLH Self-Supervised + UCLH Super-

vised
M4 KCH Self-Supervised + KCH Supervised SLaM 1.425 0.885
M7 KCH Self-Supervised + KCH Supervised SLaM 1,425 0.907

+ SLaM Self-Supervised
M8 KCH Self-Supervised + KCH Supervised SLaM 1.425 0.945

+ SLaM Self-Supervised + SLaM Super-
vised




Natural Language Understanding
Mapping Language to Meaning

Semantlcs Disease or
Syndrome

Fy

Anti-hepatitis C
agent

parent

treats
isA
cul

C0035525

C0019196 '—@titis C

Fy Fy

denote denote

Annotation
isA isA
startOffset endOffset startOffset endOffset
I |
Free text
This is a 54 year old woman with a history
of hepatitis C status post interferon ribavirin

treatment.

Representation of meaning (Semantics)

Like a dictionary but with mappings for
meaning

Meaning as defined by context

Allows machines to assign human-based
meaning to words

“The meaning of a word is
its use in a language”

(Ludwig Wittgenstein
, 1953)
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1532301

262701006

conceptid

Edema of cervical cord (disorder)

disorder




EFFICIENCY WILL BE DRIVEN BY SCALABILITY OF Sharing
HANDLING DATA

Language Processing &
Understanding
Robotic Process Automation

?AI?
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EFFICIENCY WILL BE DRIVEN BY SCALABILITY
OF HANDLING DATA
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To use data technologies, one needs to be able to clean, sort ' - - =¥
and arrange data continuously and rapidly x Shod
* . EHR’s which structure data at source is helpful, but "r: - L. .
. overdesigned EHR’s pass the load of cleaning and structuring B m . >
__= data to frontline staff which is the opposite of efficiency \ . . e Sy
= NLP and Semantic technologies are past the Proof-of-Concept Prof James Teo
4= stage and deployments have started in some organisations %\_ Clinicat Director of Data & Al
v = : Professor of Neurology =
,. Further maturation is necessary to integrate them into K s/‘

Kings College Hospital

workflows and then feed the data back for actionable changes alfe &St Thorss Hospital ﬂ
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