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INTRODUCTION

This document provides details of natural language processing (NLP) resources which have been developed since
around 2009 for use at the South London and Maudsley NHS Foundation Trust (SLaM) NIHR Biomedical Research
Centre and its mental healthcare data platform, CRIS.

We have set up the CRIS NLP Service to facilitate the extraction of anonymised information from the free text of
the clinical record. Research using data from electronic health records (EHRs) is rapidly increasing and the most
valuable information is sometimes only contained in the free text. This is particularly the case in mental
healthcare, although not limited to that sector.

CRIS

The Clinical Record Interactive Search (CRIS) system was developed for use within SLaM’s NIHR Biomedical
Research Centre. It provides authorised researchers with regulated, secure access to anonymised information
extracted from SLaM’s EHR. SLaM provides mental healthcare to a defined geographic catchment of four south
London boroughs (Croydon, Lambeth, Lewisham, Southwark) with around 1.3 million residents, in addition to a
range of national specialist services.

Applications to access CRIS and the analyses carried out using CRIS are closely reviewed, monitored and audited
by a CRIS Oversight Committee, which carries representation from SLaM’s Caldicott Guardian. The CRIS
Oversight Committee is responsible for ensuring all research applications comply with ethical and legal
guidelines. CRIS was developed with extensive involvement from service users and adheres to strict governance
frameworks managed by service users. It has passed a robust ethics approval process acutely attentive to the
use of patient data. The data is used in an entirely anonymised and data-secure format and all patients have the
choice to opt-out of their anonymised data being used.

CRIS helps us to look at real life situations on a large scale. This means it's easier to see patterns and trends,
like what treatments work for some and don't work for others. With this in mind, NLP development has focused
particularly on enabling better characterisation of different interventions received (e.g. medications,
psychotherapies), the reasons for these interventions (e.g. symptom profiles) and other factors that might affect
outcomes (e.g. education, illicit drug use, smoking status).

For more information on CRIS, please have a look at the original or updated protocol papers and the description

of its security model and governance framework. Please visit the CRIS website for further information and details
of publications.

The CRIS NLP Service

We have developed NLP algorithms (referred to as ‘applications’ or ‘apps’ in this document for shorthand) using
different approaches, some rules-based and some via machine learning. Other techniques are continually under
consideration and evaluation by our own team and in collaboration with teams elsewhere. The General
Architecture for Text Engineering (GATE) platform has been used extensively, reflecting a long-running and

much-valued collaboration we have had with the University of Sheffield Computer Science Department who
originally developed GATE in 1995. Our machine learning algorithms have been greatly facilitated by the
TextHunter platform, developed by Richard Jackson, whilst a PhD student at SLaM and KCL, which has allowed

annotation at scale for named entity recognition generation.

The purpose of this document is to provide a publicly-accessible and regularly updated resource, containing the
details and performance of over 60 NLP applications that we view as ‘in production’ — i.e. with sufficient
description and evaluation to be used across SLaM’s and potentially others’ EHR data. At any time, a
considerable number more are under development and may be cited in publications arising from that
development process. Details of these should be sought from authors or the CRIS team.


https://bmcpsychiatry.biomedcentral.com/articles/10.1186/1471-244X-9-51
https://bmjopen.bmj.com/content/6/3/e008721
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-13-71
https://www.maudsleybrc.nihr.ac.uk/facilities/clinical-record-interactive-search-cris/
https://www.maudsleybrc.nihr.ac.uk/facilities/clinical-record-interactive-search-cris/cris-publications/
https://gate.ac.uk/
https://gate.ac.uk/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4420012/

GENERAL POINTS

All applications currently in production at the CRIS NLP Service are described here. Our aim is to update this

document at least twice yearly so please check you are using the version that pertains to the data extraction you

are using.

Guidance for use

Applications

Every application report comprises four parts:

1)

2)

3)

4)

Description — the name of application and short explanation of what construct(s) the application seeks
to capture.
Definition - an account of how the application was developed (e.g. machine-learning/rule-based, the
terms searched for and guidelines for annotators), annotation classes produced and interrater
reliability results (Cohen’s Kappa).
Performance — precision and recall are used to evaluate application performance in pre-annotated
documents identified by the app as well as un-annotated documents retrieved by keyword searching
the free text of the events and correspondence sections of CRIS.
a) Precision is the ratio of the number of relevant (true positive) entities retrieved to the total
number of entities (irrelevant -false positive- and relevant -true positive)) retrieved.
b) Recall is the ratio of the number of relevant (true positive) entities retrieved to the number of
relevant (true positive and false negative) entities available in the database.
Performance testing is outlined in chronological order for either pre-annotated documents, un-
annotated documents retrieved through specific keyword searches or both. The latest performance
testing on the list corresponds to results produced by the version of the application currently in use
by the NLP Service. Search terms used for recall testing are presented, where necessary. Similarly,
details are provided for any post-processing rules that have been implemented. Notes relating to
observations by annotators and performance testers are described, where applicable.
Production — information is provided on the version of the application currently in use by the NLP
Service and the corresponding deployment schedule.

Symptom scales (see proposed allocations)
As the number of symptom applications is increasing, we regularly evaluate how to make these available to

researchers in a flexible and meaningful manner. To this end, and in order to reduce the risk of too many

and/or highly correlated variables in analyses, we are currently utilising symptom scales that group positive

schizophreniform, negative schizophreniform, depressive, manic, disorganized and catatonic symptoms

respectively. The group of ‘other’ symptoms represent symptoms that have been developed separately for

different purposes and that are intended to be used individually rather than in scales.

Each symptom receives a score of 1 if it’s scored as positive within a given surveillance period. Individual

symptoms are then summed to generate a total score of:

0 — 16 for positive schizophreniform
0 — 12 for negative schizophreniform
0 — 21 for depressive

0 — 8 for manic

0 — 8 for disorganized

0 — 4 for catatonic

We are encouraging researchers, unless there is a particular reason to be discussed with the NLP team, to use
the scales for extracting and analysing data relating to symptom applications.
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SYMPTOM SCALES (SEE NOTE)

Other
Positive Negative . . . . . Symptoms*
D M Di d Catat
Schizophreniform | Schizophreniform epressive anic Isorganise atatonic (Please refer
footnote)
Disturbed
Aggression Anergia Anergia s||esel:)r € Circumstantiality | Echolalia | Anxiety
o . . . Derailment of .
Agitation Anhedonia Anhedonia Elation Mutism Bad dreams
speech
Flight of Cogniti
Arousal Apathy Apathy Grandiosity Stupor . ogn! e
ideas impairment
Di F | though w Hallucinati
Delusions Blunted affect Isturbed Insomnia Qrma thought a>'<y” ? ucinations
sleep disorder flexibility | (visual)
N . Di | L L f .
Hallucinations Concrete thinking |u.rn'c.1 Irritability 0880 Loneliness
variation coherence
Hallucinations Emotional Early morning Poor appetite Poor Mood
(auditory) withdrawal wakening PP concentration instability
Hallucinations Poor
L il . T iali Nigh
(OTG) oW energy Guilt concentration angentiality ightmares
Hallucinati Negati . -
E.i ucinations egative Helplessness Weight loss Thought block Poor insight
(visual) symptoms

Hostility Poor motivation Hopelessness
Irritability Poverty of speech | Insomnia
Paranoia Poverty of Low ener;
thought &y
Passivity Social withdrawal | Poor appetite
Persecutory Poor
ideation concentration
Thought Poor
broadcast motivation
. . P ty of
Thought insertion overty o
speech
Thought Poverty of
withdrawal thought
Social
withdrawal
Suicidal
ideation
Tearfulness
Weight loss
Worthlessness
FOOTNOTE:

*Other symptoms are intended to be used individually rather than as a scale.
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1. AGGRESSION

Description

SYMPTOMS

Application to identify instances of aggressive behaviour in patients, including verbal, physical and sexual

aggression.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive mentions include reported to be quite aggressive towards..., violence and aggression, requires

continued management and continues to reduce in terms of incidents etc. Also include verbal aggression and

physical aggression.

Negative mentions include no aggression, no evidence of aggression etc.

Unknown mentions include unclear statements — aggression won’t be tolerated.
Interrater reliability

Cohen's k = 85% (50 un-annotated documents - 25 events/25 attachments, search term ‘aggress*’)

Search Terms (case insensitive)

*aggress*
Performance
Post- Annotated Precision Un-annotated Precision and | Keywords
processing documents identified | and recall documents recall (un- used for
rules added | by the application (annotated) | extracted from annotated) extraction
to keyword search from CRIS
application in CRIS
1 All patients, random P=73%
sample of 50 (one
document per
patient). 20
documents were
evaluated on top of
the initial 30 to
confirm that precision
was low (<80%).
2 | Application All patients, random P=76%
searches sample of 50 (one
free text for | document per
instances of | patient). 20
‘aggressi*’ documents were
only evaluated on top of
the initial 30 to
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confirm that precision
was low (<80%).
3 | As above Random sample of 100 | P=39% Random sample | P=78% aggress*
-1 - f 100 - t-
5 correspondence of 100 - 50 even R=76%
attached text, 4 clinical note, 50
mental health care correspondence-
plan, 81 event clinical attached text
notes
4 | As above | Random sample of 100 | P=90% 50 event- clinical | P=91% aggress*
| - - t

plus correspondence note, 50 R=75%

application attached text, events- correspondence-

excludes clinical notes, risk attached text

instances of | event description,

negation drug and alcohol

(see notes) history, nurse
assessment notes,
mental state
formulation

NOTES
Round 3

All false positives in the annotated documents were negations, examples being: ‘no/nil aggression’, ‘no violence
or aggression’, ‘no sign of’, ‘did not display/present any’, ‘no arousal, aggression’, ‘no overt aggression’. Other
false positives in the non-annotated documents were aggression from others and hearing aggressive voices.
Unknowns were comments with a hypothetical ‘may’ or patients having aggressive ideation.

The reason for the higher precision in the non-annotated documents might be because of the documents used.
Annotated documents only had 15 correspondence-attached texts while the non-annotated sample used 50.
Only two of the false positives in the annotated documents were from correspondence-attached texts.
Therefore, false positives (negations of aggression) may be less likely to be picked up in correspondence-
attached texts.

The majority of true positives were present mentions of aggression (94.9%) rather than past mentions (eg
‘history of’; 5.1%).

Round 4

Most false positives were due to the negation ‘no’ eg. No violence/aggression or no presentation of violence.
Other false positives included aggression that was unrelated to the patient (relative to another patient on the
ward), or aggression being in a symptom list (without reference to this being present).

There were not enough false negatives to distinguish a pattern, some instances were: frequent aggressive
episodes, risk of aggressive behaviour, was verbally abusive and aggressive.

Code for post-processing
Name like ‘aggressi%’ and contextstring not like '%no aggress%' and contextstring not like '%nil aggres%'

and contextstring not like '%no violence and aggress%'
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Production

Run schedule — monthly
Version - 1
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2. AGITATION

Description

Application to identify instances of agitation.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative, and Unknown.

Positive mentions include very agitated at present, he was agitated, he was initially calm but then became

agitated and started staring and pointing at me towards. Should also include no longer agitated.

Negative mentions include did not seem distracted or agitated, not agitated, no evidence of agitation.

Unknown mentions include unclear statements —a common symptom of psychomotor agitation.

Interrater reliability

Cohen's k = 85% (50 un-annotated documents - 25 events/25 attachments, search term ‘agitat*’)

Search Terms (case insensitive)

*agitat*
Performance
Post- Annotated Precision and | Un-annotated Precision and Keywords
processing | documents recall documents recall (un- used for
rules identified by the (annotated) extracted from annotated) extraction
added to application keyword search in from CRIS
application CRIS
1 All patients with P=82%
primary diagnosis
code F32* or F33*
in a structured
field, random
sample of 30 (one
document per
patient)
2 Random sample P=85% Random sample P=85% agitat*
of 100 - 4 ward of 100 - 50 event- R=79%
progress notes, 11 clinical note, 50
event- correspondence-
POSProforma, 6 attached text
CAMHS event
notes, 3 discharge
summaries, 22
correspondence-
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attached text, 54
events- comments

NOTES

False positives were mostly when the term ‘agitation’ was in a list or question with no response of whether the

patient experienced it (currently or in the past). Some false positives were negations e.g. ‘no episode of...’

Psychomotor agitation was classed as unknown. The majority of true positive mentions were present

experiences (85.9%) rather than past (14.1%).

Production

Run schedule — monthly

Version -1
Publications
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3. ANERGIA
Description
Application to identify instances of anergia.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive and Negative.
Positive mentions of anergia include feelings of anergia.

Negative mentions of anergia include no anergia, no evidence of anergia, no feeling of anergia.

Interrater reliability

Cohen's k = 100% (50 un-annotated documents - 25 events/25 attachments, search term ‘anergia*’)

Search Terms (case insensitive)

*anergia*
Performance
Post- Annotated Precision and | Un-annotated Precision and Keywords
processing | documents recall documents recall (un- used for
rules added | identified by the (annotated) extracted from annotated) extraction
to application keyword search from CRIS
application in CRIS
1 All patients with P=93%
primary diagnosis
code F32* or F33*
in a structured
field, random
sample of 30 (one
document per
patient)
2 Random sample P=84% Random sample P=95% anergia
of 100 - 4 ward of 100-5.1 . R=89%
progress notes, 2 events- clinical
presenting notes, 49
circumstances, 2 correspondence-

mental state
formulation, 2
discharge
notification
summary, 12 CC
correspondence-
attached text, 33
correspondence-

attached text
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attached text, 45
event- clinical
note

NOTES

All false positives occurred due to negations e.g. no loss of interest and anergia, nil anergia, describes no anergia,
denies anergia. One unknown was identified as it was vague- unable to assess anergia. The majority of true

positives were mentioning anergia as a present symptom (97.6%) rather than a past symptom (2.4%).

Production

Run schedule — monthly

Version -1
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4. ANHEDONIA

Description

Application to identify instances of anhedonia (inability to experience pleasure from activities usually found

enjoyable).

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive mentions of anhedonia or anhedonic symptoms include X had been anhedonic, X has anhedonia.

Negative mentions of anhedonia or anhedonic symptoms include no anhedonia, no evidence of anhedonia, not

anhedonic.

‘Unknown’ annotations included: i) used in a list, not applying to patient (e.g. typical symptoms include ...); ii)

uncertain (might have anhedonia, ?anhedonia, possible anhedonia); iii) not clearly present (monitor for

anhedonia, anhedonia has improved); iv) listed as potential treatment side-effect; v) vague (‘she is not

completely anhedonic’, ‘appears almost anhedonic’)

Interrater reliability

Cohen's k=85% (50 un-annotated documents - 25 events/25 attachments, search term 'anhedon*’)

Search Terms (case insensitive)

*anhedon*
Performance
Post- Annotated Precision and | Un-annotated Precision and Keywords
processing | documents recall documents recall (un- used for
rules added | identified by the | (annotated) extracted from annotated) extraction
to application keyword search from CRIS
application in CRIS
1 All patients with P=87%
primary diagnosis
code F32* or F33*
in a structured
field, random
sample of 30 (one
document per
patient)
2 Random sample P=94% Random sample P=93% anhedon*
of 100 - 4 ward of 100 - 50 R=86%
progress notes, 1 events- clinical
presenting notes, 50
circumstances, 1 correspondence-
mental health attached text
care plan, 16 CCS
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correspondence-
attached text, 36
correspondence-
attached text, 42
events- clinical
note

NOTES

The majority of false positives occurred when the negation ‘nil’ was used, sometimes when the term ‘denies’

was used also. Unknown was classified when mentioning ‘partial’ anhedonia due to a chronicillness. All positives

were current symptoms rather than past tense (history of anhedonia).

Production

Run schedule — monthly

Version -1
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5. ANOSMIA
Description
Application to extract and classify mentions related to anosmia.
Definition
Development approach: machine learning.
Classification of past or present symptom: Both.
Classes produced: positive, negative, unknown, form.

Positive examples: Annotations are coded as positive when there is a reference to symptoms/experiences of
anosmia

E.g.
Loss of enjoyment of food due to anosmia

COVID symptoms such as anosmia

Negative examples: Annotations are coded as negative when there is no reference to symptoms/experiences
of anosmia

E.g.
Nil anosmia
Doctor mentioned they had anosmia so could not smell patient

Anosmia related to people other than the patient

Unknown examples: Annotations are coded as unknown when it is not clear if the patient has
symptoms/experiences of anosmia

E.g.

Mentions of medications for it

Form examples: Annotations are coded as form when there is reference of anosmia in terms of an automated
letter or email between colleagues or

E.g.

Don’t come to the practice if you have any covid symptoms such as anosmia, etc.

Interrater reliability

N/A only one annotator

Search Terms (case insensitive)

Anosmia*
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Performance

Post- Annotated Precision Un-annotated Precision and Keywords
processing | documents and recall documents recall (un- used for
rules identified by the (annotated) | extracted from annotated) extraction
added to application keyword search from CRIS
application in CRIS
1 Random sample of P=85% Random sample P=83% Anosmia*
100 patients of 100 events R=93%
and attachments
NOTES
Production

e Run schedule — on demand

e Version—1
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6. ANXIETY
Description
Application to extract and classify mentions related to (any kind of) anxiety.
Definition
Development approach: Rule-based.
Classification of past or present symptom: Both.
Classes produced: Affirmed, negated and irrelevant.

a. affirmed/negated/irrelevant (“status”),
i. affirmed: “ZZZ shows anxiety problems”
ii. negated: “ZZZ does not show anxiety problems”
iii. irrelevant: “ if ZZZ was anxious he would not take his medication”
b. related to the patient or someone else (“experiencer”)
i. patient: “ZZZ shows anxiety problems”
ii. other: “nurse is worried about the patient”
iii. unknown: “he showed clear signs of anxiety”
c. an objective or subjective mention (“observation”)
i. objective:"ZZZ showed signs of anxiety today”
ii. subjective: “ZZZ says he feels anxious”

Detailed annotation guidelines with further examples are available on request.

The NLP algorithm is trained only to classify affirmed/patient as 1, rest as 0. Although this is not what the
annotations reflect, the annotations could be used to train new algorithms for the other attributes.

Interrater reliability
3000 annotations

e status 83 kappa, 94 I1AA
e experiencer 81 kappa, 93 IAA
e observation 61 kappa, 76 IAA

Search Terms (case insensitive)

Available on request

Performance

Post- Annotated Precision Un-annotated Precision and Keywords

processing | documents and recall documents recall (un- used for

rules identified by the (annotated) | extracted from annotated) extraction

added to application keyword search from CRIS

application in CRIS

1 Random sample of P=94% Random sample P=87% anxious

100 - 1 Addictions of 100 events R=97% anxiet*
event, 110 and attachments
attachments, 14 worried
CAMHS events, 3 restless

mental health care
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plans, 6 worry
CCS_correspondance,
1 discharge
notification
summary, 95 events,
6 history, 4 mental
health formulations,
3 summaries of need,
33 ward progress
notes)

NOTES

False positives - - negations with the word ‘not’ e.g. ‘not being anxious’, ‘did not experience worry’, ‘Mood,
Anxiety and Personality Disorder Clinical Academic Group’ mention (most consistent FP). Also, instances
relating to relatives being worried/anxious.

Production

e Run schedule — monthly
e Version—1



7. APATHY

Description

Application to extract the presence of apathy.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive mentions include any indication that apathy was being reported as a symptom: e.g. continues to

demonstrate apathy; symptoms include apathy he is withdrawn, attributable to apathy; his apathy ... ; some

degree of apathy noted; presentation with apathy; his report of apathy given patient’s level of apathy. Most

apathy statements were found to be accompanied by ‘negative symptoms’ (i.e. rather than depressive). Should

include implicit mentions of previous apathy, if evaluating on past or present.

Very few negative mentions found. Usual statements (denied apathy; no evidence of apathy etc.)

‘Unknown’ annotations include apathy mentioned as a hypothetical cause of something else (e.g. inactivity)

rather than described as being present; apathy mentioned as a possibility in the future (e.g. may develop A

apathy or as a possible side effect of medication (rather than actually present), or as an early warning sign. Also

*apathy* found in quite a few names.

Interrater reliability

Cohen's k=86% (50 un-annotated documents - 25 events/25 attachments, search term ‘apath*’)

Search Terms (case insensitive)

*apath*
Performance
Post- Annotated Precision and | Un-annotated Precision and Keywords
processing | documents recall documents recall (un- used for
rules added | identified by the | (annotated) extracted from annotated) extraction
to application keyword search from CRIS
application in CRIS
1 All patients with P=70%
primary diagnosis
code F32* or F33*
in a structured
field, random
sample of 30 (one
document per
patient)
2 | Application | All patients with P=73%
searches primary diagnosis
free text for | code F32* or F33*
instances of | in a structured
‘apathy’ or | field, random
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‘apathetic’
only (see
notes)

sample of 30 (one
document per
patient)

3 | As above

Random sample
of 100 - 4 ward
progress notes, 1
presenting
circumstances, 1
mental health
care plan, 16 CCS
correspondence-
attached text, 36
correspondence-
attached text, 42
events- clinical
note

P=94%

Random sample
of 100 - 50
events- clinical
notes, 50
correspondence-
attached text

P=93%
R=86%

apath*

NOTES

False positives occurred when the negation ‘denies’ apathy came up. Unknowns were classified when the vague

‘maybe’ term was used or the symptom was present in a list without response on whether the symptom was

present or not. Most true positives were current symptoms (99%) rather than past tense (history of apathy).

Code for post-processing

Name like ‘apathy’ or name like ‘apathetic’

Production

e Run schedule — monthly

e Version—1
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8. AROUSAL
Description
Application to identify instances of arousal excluding sexual arousal.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive mentions include physiological, emotional and autonomic hyperarousal such as “...the decisions she

7

makes when emotionally aroused”, “...during hyperaroused state”, “following an incidence of physiological

|II

arousa

Negative mentions include mentions of sexual arousal, no arousal, not aroused, denies being aroused, less
aroused, less arousal, low arousal.

Unknown mentions: annotations include unclear statements and hypotheticals (“if aroused...”)
Interrater reliability
Cohen's k = 95% (50 un-annotated documents - 25 events/25 attachments, search term ‘*arous*’)

Search Terms (case insensitive)

*arous*
Performance
Post- Annotated Precision and | Un-annotated Precision and Keywords
processing | documents recall documents recall (un- used for
rules added | identified by the | (annotated) extracted from annotated) extraction
to application keyword search from CRIS
application in CRIS
1 Random sample P=71% Random sample P=89% *arous*
of 100 — CAMHS of 100 - 59 . R=91%
events events- clinical
notes, 50
correspondence-
attached text
NOTES

False positives mainly occurred when referencing sexual arousal or negation (did not arouse, no symptom of...,
low arousal, unarousable). Other false positives related to arousal of someone other than the patient. Unknowns
included hyper-arousal to specific stimuli e.g. due to PTSD diagnosis, hypothetical mention, arousal included in
list (without direction if hypo/hyper arousal), arousal scores or description of arousal task administered without
comment on the outcome.

Production

e Run schedule — monthly
e Version-1
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9. BAD DREAMS
Description
Application to identify instances of experiencing a bad dream.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive annotations include any mention of the patient having a nightmare or bad dream e.g. ‘22777 had a bad
dream last night’, ‘she frequently has bad dreams’, ‘ZZZZZ has suffered from bad dreams in the past’, ‘ZZZZZ had
a bad dream that she was underwater’, ‘ he’s been having fewer bad dreams’

Negative annotations include instances where a bad dream has not occurred, metaphorical comparisons: ‘she
denied any bad dreams’, ‘does not suffer from bad dreams’, ‘no other PTSD symptoms such as bad dreams’, ‘he
said the experience was like a bad dream’, ‘ZZZZZ compared his time in hospital to a bad dream’, ‘said she wanted
to wake up from this bad dream’

Unknown annotations include instances where it is not clear whether a bad dream has occurred: ‘she said it
might have been a bad dream’, ‘he woke up in a start, as if waking from a bad dream’, ‘ZZZZZ couldn’t remember
whether the conversation was just a bad dream’, ‘doesn’t want to have bad dreams’

Interrater reliability
Cohen's k = 100% (100 unannotated documents- 50 events/50 attachments, search terms ‘dream’ and ‘dreams’)

Search Terms (case insensitive)

bad dream*
Performance
Post- Annotated Precision Un-annotated Precision and Keywords
processing documents and recall documents recall (un- used for
rules added | identified by the | (annotated) | extracted from annotated) extraction
to application keyword search in from CRIS
application CRIS
2 Random sample P=92% Random sample P=89% dream
of 100 — CAMHS of 1.00 - 50 events- R=100% dreams
event-comments clinical notes, 50
correspondence-
attached text
Production

e Run schedule — monthly
e Version-1
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10. BLUNTED AFFECT

Description

Application to identify instances of blunted affect.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive and Negative.

Positive annotations include his affect remains very blunted, objectively flattened affect, states that Zzzzz

continues to appear flat in affect. Include affect somewhat flat.

Negative annotations include incongruent affect, stable affect, no blunted affect.

Unknown annotations include ‘typical symptoms include blunted affect’, ‘slightly flat affect’, ‘relative shows flat

affect’.

Interrater reliability

Cohen's k = 100% (50 annotated documents - 25 events/24 attachments/1 mental health care plan)

Search Terms (case insensitive)

*affect*

Blunt* [0 to 2 words in between] *affect*

Flat [0 to 2 words in between] *affect*

Restrict [0 to 2 words in between *affect*

*affect* [0 to 2 words in between] blunt

*affect* [0to 2 words in between] flat

*Affect* [0 to 2 words in between] restrict

Performance
Post- Annotated Precision and | Un-annotated Precision and Keywords
processing | documents recall documents recall (un- used for
rules added | identified by the (annotated) extracted from annotated) extraction
to application keyword search from CRIS
application in CRIS
1 All patients, P=93%
random sample of
30 (one
document per
patient)
2 Random sample P=98% Random sample P=100% affect
of 100 - 25 ward of 100 - 59 ' R=80%
progress notes, 4 events- clinical
assessment- notes, 50
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mental state correspondence-
comments, 1 attached text
mental health
care plan, 22
correspondence-
attached text, 48
events- clinical
note

NOTES

The few false positives seen were irrelevant mentions of ‘flat’ in relation to the patients’ living situation (that is
‘affecting’ them). All true positives reflected current presentation rather than past (history of blunted affect) |
the annotated documents.

Production

e Run schedule — monthly
e Version-1
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11. CIRCUMSTANTIALITY

Description

Application to identify instances of circumstantiality.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive mentions include signs of over inclusiveness and circumstantially,

loose associations and

circumstantiality, circumstantial in nature. Also include some circumstantiality at points and speech is less

circumstantial.

Negative mentions include no signs of circumstantiality, no evidence of circumstantial.

Unknown mentions include circumstantial mentioned as a hypothetical cause of something else.

Interrater reliability

Cohen's k = 100% (50 annotated documents - 25 events/25 attachments)

Search Terms (Case insensitive)

*circumstan*

Performance
Post-processing Annotated Precisionand | Un- Precision and | Keywords used
rules added to documents recall annotated recall (un- for extraction
application identified by | (annotated) documents annotated) from CRIS
the extracted
application from
keyword
search in
CRIS
1 All patients, P=38%
random

sample of 30
(one
document
per patient).
20
documents
were
evaluated on
top of the
initial 30 per
evaluation to
confirm that
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precision was
low (<80%).

2 | Application
excludes instances
of ‘circumstance®
(see notes)

All patients,
random
sample of 30
(one
document
per patient).
20
documents
were
evaluated on
top of the
initial 30 per
evaluation to
confirm that
precision was
low (<80%).

P=90%

3 | As above

Random
sample of
100 - 9 ward
progress
notes-
comments, 5
mental state
formulation,
1 CCS
corresponden
ce- attached
text, 28
corresponden
ce- attached
text, 57
events-
comments

P=97%

Random
sample of
100 - 50
events-
clinical
notes, 50
corresponde
nce-
attached
text

P=94%

R=92%

circumstant*

NOTES

False positives occurred with certain negations e.g. no circumstantiality, and with irrelevant mentions e.g.
circumstantial evidence. All positive mentions were current instances of circumstantial speech. False negatives
were mentions of circumstantial thought.

Code for post-processing

Name not like ‘circumstance%’
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Production

Run schedule — monthly
Version - 1
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12. COGNITIVE IMPAIRMENT
Description

Application to identify instances of cognitive impairment. The application allows to detect cognitive impairments
related to attention, memory, executive functions, and emotion, as well as a generic cognition domain. This
application has been developed for patients diagnosed with schizophrenia.

Definition
Development approach: Rule-based.
Classification of past or present symptom: Both.

Classes produced: affirmed and relating to the patient and negated/irrelevant.

Below are specific examples for the attention domain:

key score comment
patient shows attention problems (positive) 1 affirmed
patient does not shows attention problems or shows good attention
-1 negated
(negated)
irrelevant 0 irrelevant
example score comment
ZZZ shows good concentration -1
ZZZ does not show good concentration 1
Z7Z shows poor concentration 1
. . anything below maximum

patient scored 10/18 for attention 1 N

score classified as 1
777 seems distracted at times/absent-minded 1
patient received diagnosis of adhd 1
777 seems more distracted than yesterday 1 worsenings noted as 1
ZZZ seems less distracted today 1 improvement noted as 1
Z77's concentration has improved since last session 1 improvement noted as 1

. . . . poor concentration caused by

777 said the voices distract him 1 L

hallucinations noted as 1
ZZZ seems hyper-vigilant 1
the session focused on... 0
patient uses distraction technique to ignore hallucinations 0
concentration camp 0
attention seeking 0 examples of frequent
pay attention to 0 irrelevant uses
patients needs (medical) attention 0
bring to someone's attention 0
draw your attention to... 0

keywords:
attention, concentration, focus, distracted, adhd, hypervigilance, attend to

Interrater reliability
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Cohen's k
Cognition - 66% (3000 un-annotated documents)

Emotion — 84% (3000 un-annotated documents)

Executive function — 40% (3000 un-annotated documents)

Memory — 68% (3000 un-annotated documents)
Attention — 99% (2616 un-annotated documents)
Search Terms (Case insensitive)

Gazetteer available on request

Performance
Post- Annotated Precisionand | Un- Precision and Keywords
processing documents recall annotated recall (un- used for
rules added | identified by the | (annotated) documents annotated) extraction
to application extracted from CRIS
application from
keyword
search in
CRIS
1 All patients, P=80% Random P=96% prompt*
random sample of sample of R=92% manag*
100 - 42 attached 100 - 50 memory
text, 4 CAMHS events- *und.e.rstand*
o cogniti*
events, 1 CCS clinical
correspondence, notes, 50
1 referral reason, corresponde
11 ward progress nce-
notes, 1 summary attached
of need, 1 mental text
health
examination, 1
risk assessment
tool, 38 event
comments
2 Patients with an P=84% Random P=78% prompt*
F20 diagnosis sample of R=70% manag*
sample of 100 - 100 - 50 memory
36 event events- *und'e.rstand*
o cogniti*
attachments, 3 clinical
CCSs notes, 50
correspondence, corresponde
1 brief nce-
notification attached
summary, 5 risk text
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assessment tool,
2 summary of
needs, 1 ward
round, 22 ward
progress notes,
20 event
comments

NOTES

Lower precision and recall in the F20 sample most likely due to the low number of true positives present in the
sample.

Production

e Run schedule — on request
e Version-1
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13. CONCRETE THINKING
Description
Application to identify instances of concrete thinking.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive annotations include text referring to ‘concrete thinking’, speech or answers to questions being
‘concrete’, the patient being described as ‘concrete’ without elaboration, answers being described as concrete
in cognitive assessments, ‘understanding’ or ‘manner’ or ‘interpretations’ of circumstances being described as
concrete. This included episodes in the past and both strong and weak (e.g. ‘tendency to concrete
interpretations’) manifestations.

Negative annotations include ‘no evidence of concrete thinking’

Unknown annotations include references to concrete as a material (concrete floor, concrete house etc.), ‘no
concrete plans’ referring to suicidal ideation, delusions being concrete, ‘no concrete symptomatology’, achieving
‘concrete goals’, using ‘concrete learning activities’.

Initially, we used the keyword ‘concrete*” to pick up instances of concrete thinking. But when we manually
completed the first round of annotations, performance was not satisfactory. After checking positive and negative
annotations, some regular patterns were identified whereby the word ‘concrete’ was used within one or two
words before or after the word ‘thinking” which informed the final choice of search terms below.

Interrater reliability

Cohen's k = 83% (50 un-annotated documents - 25 events/25 attachments, search term ‘concrete*’)
Search Terms (Case insensitive)

Concrete [word][word]think*

think [word] [word] concret*

Performance
Post- Annotated Precisionand | Un- Precision and Keywords
processing documents recall annotated recall (un- used for
rules added | identified by the | (annotated) documents annotated) extraction
to application extracted from CRIS
application from
keyword
search in
CRIS
1 All patients, P=87%
random sample of
30 (one
document per
patient)
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2 Random sample P=91% Random P=84% concrete

of 146 - 57 sample of R=41%
correspondence- 100-50
attachment text, events-
14 CAMHS event- clinical
comments, 38 notes, 50
events- corresponde
comments, 36 nce-
care plan- attached
outcome detail text
(mental health)

NOTES

False positives occurred when statements were irrelevant, such as concrete thinking of a relative, a rehabilitation
plan or therapeutic task. The term ‘no evidence of’ was also ignored when relating to concrete thinking.
Undetected comments include mentions of a patient being ‘rigid and concrete’, ‘socially concrete’, ‘rigid in way
of answering questions, ‘concrete in thought’ and ‘concrete in vocabulary use’. Comments were annotated as
unknown when they were hypothetical ‘may have concrete thinking’ or described as ‘sometimes’ concrete,

without specifying whether they generally the patient generally is or not.

Production

e Run schedule — monthly

e Version-1
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14. DELUSIONS
Description
Application to identify instances of delusions.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive mentions include paranoid delusions; continued to express delusional ideas of the nature etc. Also
include no longer delusional- indicates past.

Negative mentions include no delusions, denied delusions.

Unknown mentions include delusions are common.

Interrater reliability

Cohen's k =92% (50 un-annotated documents - 25 events/25 attachments, search term ‘delusion*’)

Search Terms (case insensitive)

*delusion*
Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
All patients, P=87%
random sample
of 30 (one
document per
patient)
Random P=97% Random P=77% delusion*
sample of 100 - sample of R=86%
22 ward 100 - 50
progress notes, events-
1 discharge clinical
summary, 26 notes, 50
correspondenc corresponde
e- attached nce-
text, 49 event- attached
clinical note text
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Application
excludes instances
of negation — “*no
delusion*’, “*not
expressed any
delusion®’,
“*didn’t express
any delusion®”
(see notes)

Random
sample of 100 —
26 ward
progress note,
1 mental state
formulation, 2
discharge
notification
summaries, 1
mental health
care plan, 40
correspondenc
e- attached
text, 30 events-
clinical note

P=90%

Random
sample of
100-50
events-
clinical
notes, 50
corresponde
nce-
attached
text

P=93%

R=85%

delusion*

NOTES

False positives occurred due to negations e.g. not seen to be, no evidence of, not expressed, no...or delusions,

no overt delusional behaviour. Other false positives were unclear mentions e.g. when symptoms were in a list,

possibly..., understanding if there Is presence of... Ignoring the ‘seem to be’ and ‘expressed’ mentions there was

not enough consistency in false positives to decipher a pattern. There were only four false positives, two

involving the word ‘expressed’. The other two were ‘appeared quite delusional’ and ‘delusional sexual themes

have diminished’.

Code for post-processing

contextstring not like '%no delusion%' and contextstring not like '%not expressed any delusion%' and

contextstring not like '%didn't express any delusion%'

Production

Version -1

Run schedule — monthly
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15. DERAILMENT

Description

Application to identify instances of derailment.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive annotations include he derailed frequently, there was evidence of flight of ideas and thought derailment

in his language etc. Include past mentions e.g. ‘speech no longer derailed’.

Negative annotations include the thought stream is normal as he uses sentences in consequences with no

derailment, erratic compliance can further derail her stability etc. Also include no evidence of derailment,

without derailment, without derailing, no derailment, no thought block, derailment, tangentiality noted, no

evidence of loosening of association, derailment or tangential thoughts.

Unknown annotations include train was derailed.

Interrater reliability

Cohen's k = 100% (50 un-annotated documents - 25 events/25 attachments, search term ‘derail*’)

Search Terms (case insensitive)

*derail*
Performance
Post-processing Annotated Precision and | Un- Precision and Keywords
rules added to documents recall annotated recall (un- used for
application identified by | (annotated) documents annotated) extraction
the extracted from CRIS
application from
keyword
search in
CRIS
1 | Application All patients, P=74%
excludes derailing | random
of trains, trams sample of 30
and efforts to (one
achieve goals document
per patient)
2 | As above Random P=73% Random P=88% derail*
sample of sample of
100-1 100 - 50
assessment events- R=95%
note, 8 risk clinical
event notes, 50
descriptions, corresponde
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9 ward
progress
notes, 1 CCS
corresponden
t- attached
text, 1
discharge
notification
summary, 3
CAMHS
event- clinical
note, 35
corresponden
ce- attached
text, 29
events-
clinical notes

nce-
attached
text

3 | As above

Random
sample of
100-6
discharge
notification
summaries, 3
mental state
comments, 1
nurse
assessment
notes, 26
corresponden
ce-attached
text, 64
event-clinical
note

P

87

P=84%

R=99%

derail*

NOTES

False positives mainly occurred due to negations e.g. ‘no evidence of’, ‘no sign of’ or simply ‘no derailment’.

False positives also occurred when mentions were irrelevant e.g. derail treatment, derail a session, another

individual derailing a session. Unknown was labelled for one unsure mention of a vague term use; ‘I wonder’.

The majority of true positives was of derailment being a current symptom. Precision was high in non-annotated

documents, as there were only 11 negatives. However, they were all flagged as positive. This is probably due to

the app not computing negations. Regarding recall, positives were not flagged in mentions where derailment

was at the beginning of a short sentence e.g. ‘Derailment.’.

Production

® Run schedule — monthly

® \Version-1
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16. DISTURBED SLEEP

Description

Application to identify instances of disturbed sleep.

Definition

Development approach: Rule-based.

The application identifies instances of disturbed sleep as follows: complains of poor sleep, poor sleep, sleep

disturbed, sleep difficulty, sleeping poorly, not sleeping very well, cannot sleep, sleep pattern poor, difficulties

with sleep, slept badly last couple of nights.

Interrater reliability

Cohen's k = 75% (50 un-annotated documents - 25 events/25 attachments, search term ‘*sleep* or ‘slept’)

Search Terms

Not

poor*
interrupt*
disturb*
inadequat*
disorder*
prevent*
stop*
problem*
difficult*
reduc*

less*

impair*
erratic*
unable*
worse*
depriv*

[0-2 token]
sleep* or slep*
little sleep
sleepless night
broken sleep
sleep intermittently
sleep* or slep*

[0-2 token] not
poor*
interrupt*
disturb*
inadequat*
disorder*
prevent*

stop*
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problem*

difficult*
reduc*
less*
impair*
erratic*
unable*
worse*
depriv*
Performance
Post- Annotated Precision and | Un-annotated Precision and | Keywords
processing documents recall documents recall (un- used for
rules added to | identified by the | (annotated) extracted from annotated) extraction
application application keyword search from CRIS
in CRIS
1 Random sample | P=89% Random sample | P=88% *sleep*
of 100 -2 of 100 - 50 R=68% slept
mental state events- clinical
formulation, 1 notes, 50
CCs correspondence-
correspondence- attached text
body text, 3
discharge
summaries, 1
mental health
care plan, 1
presenting
circumstances, 1
risk event, 2
brief summaries,
36
correspondence-
attached text,
53 events
NOTES

False positives included negation (denies, no...sleep disturbance, ...not disturbing sleep), sleeping tablets (extra
dose to sleep, taking tables not to sleep but other intention), hypotheticals e.g. risk of poor sleep. No pattern
observed in false negatives. Examples include sleep - reported as disturbed, reported sleeping only 4 hours a
night, he didn’t sleep through the night, his sleep has deteriorated.

Production

e Run schedule — monthly
e Version-2
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17. DIURNAL VARIATION OF MOOD
Description
Application to identify instances of diurnal variation of mood.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive examples:
e ‘patient complaints of diurnal variation’
e ‘hereported diurnal variation in his mood’
e ‘Diurnal variation present’
e ‘some diurnal variation of mood present’
Negative examples:
e ‘nodiurnal variation’
e ‘diurnal variation absent’
e ‘patient complaints of ongoing depression but no diurnal variation’
o ‘depressive symptoms present without diurnal variation’
Unknown examples:
e ‘diurnal variation could be a symptom of more severe depression’
e ‘we spoke about possible diurnal variation in his mood’

e ‘it was not certain if there were diurnal variation’
Interrater reliability
N/A
Search Terms (case insensitive)

diurnal variation

Performance
Post- Annotated Precision and | Un-annotated Precision and | Keywords
processing documents recall documents recall (un- used for
rules added to | identified by the | (annotated) extracted from annotated) extraction
application application keyword search from CRIS
in CRIS
1 Random sample | P=86% Random sample | P=94% diurnal
of 100 of 100 events
=1009

documents — 44 and attachments R=100%

attachments, 8

CCs

correspondence,

1 discharge

notification, 40
events, 2 mental
state
formulation, 1
presenting
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circumstances, 2
single generic
assessments, 2
progress ward
notes

Production

Run schedule — monthly

Version -1
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18. DROWSINESS
Description
Application to identify instances of drowsiness.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive examples:
e 77777 appeared to be drowsy.
e She has complained of feeling drowsy.
e  Positive annotations should be anything implying that the patient is or has been drowsy or
showing/reporting drowsiness. The timing doesn’t matter (i.e. past or present).

Negative examples:

e Heis not drowsy in the mornings.

e She was quite happy and did not appear drowsy.

e 77777 denied any symptoms of drowsiness.

e  Negative annotations should be when the patient denies drowsiness, or is described as not drowsy
etc.

Unknown examples:

e Inreading the label (of the medication), ZZZZZ expressed concern in the indication that it might make
him drowsy

e Monitor for increased drowsiness and inform for change in presentation.

e The ‘unknown’ category of annotations should be everything else. This would include hypothetical
statements (e.g. risk of drowsiness, instructions to reduce medication if the patient becomes drowsy)
or anything else insufficiently certain (this includes statements like ‘he is less drowsy now’ — although
this implies that the patient was once drowsy, this isn’t really clear enough [although ‘he is more
drowsy’ does imply drowsiness]). Also, there may be mentions about drowsiness in people other than
the patient (e.g. relatives).

Interrater reliability

Cohen's k = 83% 1000 un-annotated documents, search term ‘drows*’)

Search Terms

drows*
Performance
Post- Annotated Precision and | Un-annotated Precision and | Keywords
processing documents recall documents recall (un- used for
rules added to | identified by the | (annotated) extracted from annotated) extraction
application application keyword search from CRIS
in CRIS
1 Random sample | P=91% Random sample | P=77% drows*
of 100 of 100 R=03%
documents documents
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The application
excludes

‘no drows*’,
‘wasn’t
drows*’, ‘no
reported
drows*’

Random sample
of 100
documents

P=80%
R=100%

drows*

Production

Run schedule — monthly
Version - 1
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19. EARLY MORNING WAKENING
Description
Application to identify instances of early morning wakening.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.
Positive annotations:

e ‘patient complaints of early morning awakening’
e ‘hereported early morning wakening’

‘Early morning awakening present’

‘there is still some early morning wakening’

Negative annotations:

e ‘no early morning wakening’

e ‘early morning wakening absent’

e ‘patient complaints of disturbed sleep but no early morning awakening’
‘sleeps badly but without early morning wakening

Unknown annotations:

e  ‘early morning awakening could be a symptom of more severe depression’
e ‘we spoke about how to deal possible early morning wakening’
e ‘it was not certain if there were occasions of early morning awakening’

Interrater reliability
N/A
Search Terms (case insensitive)

early morning wakening

Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
1 Random P=96% Random P=95% *wakening
sample of 100 — sample of R=96%
36 100 events
attachments, 2 and
care plans attachments
mental health,
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1 CAMHS
event, 10 CCS
correspondenc
e, 2 discharge
notifications
summaries, 41
events, 1
presenting
circumstance, 1
single generic
assessment, 4
summaries of
need, 1 triage
form ARC, 1
ward progress
note

Production

Run schedule — monthly

Version -1
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20. ECHOLALIA

Description

Application to extract occurrences where echolalia is present.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive annotations include no neologisms, but repeated what | said almost like echolalia, intermittent

echolalia. Also include some or less echolalia.

Negative annotations include no echolalia, no evidence of echolalia, cannot remember any echolalia or

stereotyped utterances.

Unknown annotations include echolalia is not a common symptom. Also include hypotheticals such as he may

have some echolalia, evidence of possible echolalia.

Interrater reliability

Cohen's k = 88% (50 un-annotated documents - 25 events/25 attachments, search term ‘echola*’)

Search Terms (case insensitive)

*echola*
Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
1 | Application All patients, P=74%
searches free text | random sample
for instances of of 30 (one
‘echolali*” (see document per
notes) patient). 20
documents
were evaluated
on top of the
initial 30 to
confirm that
precision was
low (<80%).
2 | As above Random P=96% Random P=89% echola*
sample of 100 — sample of
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18 ward
progress note,
1 discharge
notification
summary, 38
correspondenc
e- attached
text, 19 CCS
correspondenc
e- attached
text, 24 events-
clinical note

100-50
events-
clinical
notes, 50
corresponde
nce-
attached
text

R=86%

NOTES

False positives occurred with certain negations e.g. does not demonstrate/display. Unknowns were echolalic
pathological laughter and when echolalia was questioned e.g. could be echolalia, echolalia? False negatives were
a suggestion of echolalia, uses echoed speech, Echolalia (one-word statement), regularly echoed words. The

majority of true positives in the annotated document was present tense, only 1% past echolalia.
Code for post-processing

Name like ‘echolali%’

Production

Run schedule — monthly

Version -1

68



21. ELATION

Description

Application to identify instances of elation.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive annotations include mildly elated in mood, elated in mood on return from leave, she appeared elated

and aroused etc.

Negative annotations include ZZZZZ was coherent and more optimistic/aspirational than elated throughout the

conversation, no elated behaviour etc.

Unknown annotations include unclear statements such as in his elated state there is a risk of accidental harm,

‘monitor for elation’. Should also include statements listed as potential treatment side-effects ‘elation is a known

side effect’ and statements were term is used in a list, not applying to patients (e.g. Typical symptoms include...).

Interrater reliability

Cohen's k = 100% (50 annotated documents - 25 events/25 attachments)

Search Terms (Case insensitive)

*elat*®
Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
1 | Application All patients, P=90%
searches free text | random sample
for instances of of 30 (one
‘elated*’ or document per
‘elation*’ (see patient)
notes)
2 | As above Random P=95% Random P=94% elat*
sample of 100 — sample of
5 ward 100 - 50
progress notes, events- R=97%
1 presenting clinical
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circumstance
mention, 1 CCS
correspondenc
e- attached
text, 1 mental
health care
plan, 23
correspondenc
e- attached
text, 69 events-
comments

notes, 50
corresponde
nce-
attached
text

NOTES

False positives occurred for two negations: ‘nor elation’ and ‘not elated’. Unknowns were classed for mentions
stating ‘monitor for elation’ and ‘if any evidence of elated mood’. False negatives: Mentions not flagged by app
as positive: ‘was elated’, ‘get elated’, and ‘elated mood’. However, each of these only occurred once. The

majority of true positive were current mentions of elation (98%) rather than past.

Code for post-processing

name like 'elated%' or 'elation%'

Production

Run schedule — monthly

Version -1
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22. EMOTIONAL WITHDRAWAL

Description

Definition

Development approach: Machine-learning.

Application to identify instances of emotional withdrawal.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

e Alcohol, substance, medication withdrawal

e  Withdrawal symptoms, fits, seizures etc.

but with the following exceptions (which are annotated as unknown):

Positive annotations apply to any description of the patient being described as withdrawn or showing withdrawal

e Social withdrawal (i.e. a patient described as becoming withdrawn would be positive but a patient

described as showing ‘social withdrawal’ would be unknown — because social withdrawal is covered in

another application).

e Thought withdrawal (e.g. ‘no thought insertion, withdrawal or broadcast’)

e  Withdrawing money, benefits being withdrawn etc.

Interrater reliability

withdrawn and categorised as unknown.

Search Terms (case insensitive)

Cohen's k = 100% (50 un-annotated documents - 25 events/25 attachments, search term ‘withdrawn’)

Negative and unknown annotations are restricted to instances where the patient is being described as not

care plans, 9

withdrawn
Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
Random P=87% Random P=85%, withdrawn
sample of 100 — sample of R=96%
2 CAMHS 100 - 50
events- events-
comments, 2 clinical
discharge notes, 50
notifications, 2 corresponde
mental health nce-
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ward progress
notes, 24
correspondenc
e- attached
text, 61
correspondenc
e- attached text

attached
text

NOTES

False positives were related to irrelevant mentions e.g. Police statement withdrawn, money withdrawn, specific

named drug withdrawn, appointment withdrawn, contact withdrawn. However, this did not occur many times.

Production

Run schedule — monthly

Version -1
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23. EYE CONTACT (CATEGORISATION)
Description
Application to identify instances of eye contact and determine the type of eye contact
Definition
Development approach: Rule-based.
Classification of past or present symptom: Both.
Classes produced: Positive and Negative.

Positive mentions: the application successfully identifies the type of eye contact (as denoted by the keyword) in
the context (as denoted by the contextstring)
e.g., keyword: ‘good’; contextstring: ‘There was good eye contact’

Negative mentions: the application does not successfully identifies the type of contact (as denoted by the
keyword) in the context (as denoted by the contextstring). The keyword does not related to the eye contact
e.g., keyword: ‘showed’; contextstring: ‘showed little eye-contact’.

Interrater reliability

Not applicable

Search Terms (case insensitive)

Eye *contact*

Keyword: the term describing the type of eye contact

ContextString: the context containing the keyword in its relation to eye-contact

of 100 (one
document per
patient — 25
attachments, 4
CAMHS events,
1 CCS
correspondence
, 6 discharge
notification
summary, 45
events, 1
mental state
formulation, 2

-50
attachments,
50 events

Performance

Post-processing | Annotated Performance Un-annotated | Performance Keywords

rules added to | documents (annotated) documents (un- used for

application from keyword annotated) random
search in CRIS extraction
from CRIS

All patients, P=86% Random P=91% eye

* *

random sample sample of 100 R=80% contact
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single generic
assessments, 1
summary of
need, 13
progress ward
notes, 2 ward
rounds

NOTES

Not applicable

Production

e Run schedule — on request
e Version-1



24. FATIGUE

Description

Application to identify symptoms of fatigue.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive annotations include positive mentions of fatigue symptoms/experiences when it is clearly defined that
symptom is experienced by patient. It will not consider fatigue as positive if it is given as side effect of

medication or any other symptom.

Positive examples: ‘zzz has been experiencing fatigue’; ‘fatigue interfering with daily activities’.

Negative annotations include situations when there is no reference to symptoms/experiences of fatigue, fatigue

related to people other than the patient, or fatigue as side effects of mediations/treatment

Negative examples: ‘no mentions of fatigue’; ‘her high levels of anxiety impact on fatigue’; ‘main symptoms of

dissociation leading to fatigue’

Unknown annotations include situations when it is not clear if the patient has symptoms/experiences for fatigue.

Unknown examples: ‘zzz is undertaking CBT for fatigue’.

Interrater reliability

Not applicable

Search Terms (case insensitive)

Fatigue, exclude ‘chronic fatigue syndrome’

Performance
Post- Annotated Performance Un-annotated | Performance Keywords
processing documents (annotated) documents (un- used for
rules added from keyword random
o ] annotated) .
to application search in CRIS extraction
from CRIS
1 All patients, P=79% Random P=78% Fatigue*
random sample sample of 100 R=95%
of 100 — 48 -50
Attachment_Te attachments,
xt, 44 50 events

Comments, 1
Description, 1
Notes, 1
Reason_For_Ref
erral_And_Biogr
aphical_Informa
tion, 1
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risk_event_desc
ription, 2
Summary_Of N
eed

NOTES
Not applicable
Production

e Run schedule — montly
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25. FLIGHT OF IDEAS
Description
Application to extract instances of flight of ideas.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive annotations include Mrs ZZZZZ was very elated with by marked flights of ideas; marked pressure of

speech associated with flights of ideas. Also include ‘some flight of ideas’.

Negative annotations include no evidence of flight of ideas, no flight of ideas.

Unknown annotations include ‘bordering on flight of ideas’, or when used in a list not applying to the patient

‘typical symptoms include’, or irrelevant mentions ‘relative shows FOI’.

Interrater reliability

Cohen's k =96% (50 un-annotated documents - 25 events/25 attachments, search term ‘flight of’)
Search Terms (case insensitive)

*flight* *of* *idea*

Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
All patients, P=72%
random sample
of 50 (one
document per
patient). 20
documents
were evaluated
on top of the
initial 30 to
confirm that
precision was
low (<80%).
Random P=89% Random P=91%, flight of
sample of 100 — sample of R=94%
9 ward 100 - 50
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progress notes,
1 risk event
description, 5
mental health
care plans, 23
correspondenc
e- attached
text, 62 event-
clinical notes

events-
clinical
notes, 50
corresponde
nce-
attached
text

NOTES

False positives occurred when negations were mentioned e.g. no obvious flight of ideas, no flight of ideas, no

evidence of ....

or flight of ideas. Unknowns occurred when the symptom was mentioned in a list without

reference to it being present and when it was being questioned. The majority of true positives were present
tense mentions (95% in annotated documents). There were only three instances where the app did not flag a

mention as positive (high recall).

Production

e Run schedule — monthly

e Version-1
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26. FLUCTUATION
Description
The purpose of this application is to determine if a mention of fluctuation within the text is relevant
i.e., associated with the patient and affirmed.
Example: ‘... patient’s mood has been fluctuating...’
No particular diagnosis group was chosen for the development of this application
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, negative, and unknown.

Positive annotations include ‘Mrs ZZZZZ's mood has been fluctuating a lot’, or ‘suicidal thoughts appear to
fluctuate’

Negative annotations include ‘no evidence of mood fluctuation’ or ‘does not appear to have significant
fluctuations in mental state’

Unkown annotations include ‘unsure whether fluctuation has a mood component’ or ‘monitoring to see if
fluctuations deteriorate’ or ‘his mother’s responsibility fluctuated’ or ‘is the person’s risk likely to fluctuate..
yes/no...’

Interrater reliability

No. of annotations per annotator:

Annotator Attachments Events
Annotator 1 1387 1113
Annotator 2 2751 2243
Annotator 3 1862 458
Total 6000 3814

Not all were double annotated. Out of these, 4,402 (pre-adjudication) annotations (doubly annotated
by medical students) were used.

No of annotations in attachments after adjudication - 3,140

Inter-annotator agreement metrics:

Document type class subject

p r f1 acc k p r f1 acc
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Attachment 0.93 0.91 0.92 0.91 0.85 0.86 0.88 0.86 0.88 0.87
Attachment2 0.94 0.94 0.94 0.94 0.89 0.94 0.93 0.93 0.93 0.92
Event 0.96 0.95 0.96 0.95 0.91 0.95 0.95 0.95 0.95 0.94
Search Terms (case insensitive)
*fluctuat*®
Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
1 All patients, P=96% Random P=87% Fluctuation*®
random sample sample of R=96%
of 100 -39 100-50
attachment Event, 50
text, 2 CAMHS Attachment
Event, 2
CCS_correspon
dence, 1
Discharge_Noti
fication_Summ
ary, 38 Event, 1
Mental_state_f
ormulation, 3
Single_generic_
Assessment, 1
Summary_Of N
eed, 13 Ward
Progress Note
NOTES

While the initial plan was to classify mentions of fluctuations as relevant/other, and then classify the relevant
mentions as mental state/other, the distribution of the classes mental state/other was quite imbalanced, with
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81% of the mentions already falling under mental state. This is why no further machine learning was applied to
this class, and it can be assumed that most relevant mentions of fluctuations will be related to mental state.

Production

e Status - ‘open’ or ‘owned’
e Run schedule —on request
e Version-1
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27. FORMAL THOUGHT DISORDER
Description
Application to extract occurrences where formal thought disorder is present.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive annotations include deteriorating into a more thought disordered state with outbursts of aggression;
there was always a degree thought disorder. Also include some formal thought disorder.

Negative annotations include thoughts: no FTD, no signs of FTD, NFTD.

Unknown annotations include ‘?FTD’, ‘relative shows FTD’, ‘check if FTD has improved’, used in a list, not
applying to patient ‘typical symptoms include...”.

Interrater reliability

Cohen's k = 100% (50 un-annotated documents - 25 events/25 attachments, search term ‘“*ftd*, *formal*
*thought* *disorder*)

Search Terms (case insensitive)
*frd*

*formal* *thought* *disorder*

Performance
Post- Annotated Precision and | Un-annotated Precision and | Keywords
processing documents recall documents recall (un- used for
rules added to | identified by the | (annotated) extracted from annotated) extraction
application application keyword search from CRIS
in CRIS
1 All patients, P=72%
random sample
of 50 (one
document per
patient). 20
documents were
evaluated on
top of the initial
30 to confirm
that precision
was low (<80%)
2 Random sample | P=56% Random sample | P=57%, formal
of 100 -3 CCS of 100 - 50 R=36% thought
correspondence- events- clinical disorder
attached text, 3 notes, 50
ftd
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discharge
notification
summaries, 1
mental state
formulation, 1
presenting
circumstances,
10 ward
progress notes,
38 events-
clinical notes, 44
correspondence-
attached text

correspondence-
attached text

Random sample | P=82% Random sample | P=57% formal

of 100 — 7 ward of 100 - 50 R=61% thought

progress notes, events- clinical disorder

3 discharge notes, 50 ftd

notification correspondence-

summaries, 4 attached text

CCs

correspondence-

attached text, 1

CAMHS event-

clinical note, 56

correspondence-

attached text,

29 event- clinical

note
Application Random sample | P=85% Random sample | P=83% formal
excludes of 100 -9 CCS of 100 - 50 R=83% thought
instances of correspondence- events- clinical disorder
‘NFTD’ attached text, 3 notes, 50 fid

body text, 1 correspondence-

discharge attached text

notification

summary, 1

mental state
formulation, 50
correspondence-
attached text,
36 events-
clinical note
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NOTES

False positives include negations - did not display, not displaying, not expressed, no evidence of, without
showing, uncertainty - unable to elicit, possible..., not possible to assess. Also, no sign of paranoia or formal
thought disorder, without showing clear formal thought disorder.

Code for post-processing
name not like ‘NFTD’
Production

e Run schedule — monthly
e Version-1
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28. GRANDIOSITY
Description
Application to extract occurrences where grandiosity is apparent.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive annotations include ZZZZZ was wearing slippers and was animated elated and grandiose, few grandiose
statements regarding having been 'brought up with royalty'. Also include reduction in grandiosity/no longer
grandiose.

Negative annotations include no evidence of grandiose of delusions in the content of his speech, no evidence of
grandiose ideas.

Unknown annotations include his experience could lead to grandiose ideas.
Interrater reliability
Cohen's k = 89% (50 un-annotated documents - 25 events/25 attachments, search term ‘grandio*’)

Search Terms (case insensitive)

*grandios*
Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
All patients, P=97%
random sample
of 30 (one
document per
patient)
Random P=89% Random P=95%, R=91 grandios*
sample of 100 — sample of
2 ward 100 - 50
progress notes, events-
2 presenting clinical
circumstances, notes, 50
1 mental state corresponde
formation, 49 nce-
correspondenc
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e- attached
text, 46 events-
clinical notes

attached
text

NOTES

The majority of false positives occurred due to negations, e.g. ‘no grandiose delusions’, ‘denied...’, ‘nil...’, ‘no

evidence of....". One unknown mention was due to unsure term ‘some possible’. False negatives occurred when
the word grandiose was the first word of the sentence e.g. ‘Grandiose, feels...” and ‘Grandiose beliefs still
expressed’. Perhaps this is to do with the capitalisation of G or simply the order of the terms in the sentence.

Production

Run schedule — monthly

Version -1
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29. GUILT

Description

Application to identify instances of guilt.

Definition

Development approach: Machine-learning.

Classification of past or present symptom: Both.

Classes produced: Positive, Negative and Unknown.

Positive annotations include she then feels guilty/angry towards mum; being angry is easier to deal with than

feeling guilty. Also include feelings of guilt with a reasonable cause and mentions stating ‘no longer feels guilty’.

Negative annotations include no feeling of guilt, denies feeling hopeless or guilty.

Unknown annotations include ‘he might be feeling guilty’, ‘some guilt’ or ‘sometimes feeling guilty’, or when

used in a list, not applying to patient ‘typical symptoms include ....".

Interrater reliability

Cohen's k =92% (50 un-annotated documents - 25 events/25 attachments, search term ‘guil*’)

Search Terms (case insensitive)

*guil*
Performance
Post-processing Annotated Precision and | Un- Precision and | Keywords
rules added to documents recall annotated recall (un- used for
application identified by (annotated) documents | annotated) extraction
the application extracted from CRIS
from
keyword
search in
CRIS
1 All patients P=73%
with primary
diagnosis code
F32* and F33*
in a structured
field, random
sample of 90
(one document
per patient).
2 | Application All patients 93% guil*
searches free text | with primary
for instances of diagnosis code
‘guilt*” (see notes) | F32* and F33*
in a structured
field, random
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sample of 90
(one document
per patient).

e-attached text,
2 CAMHS
events-clinical
notes, 36
events-clinical
notes

3 | As above Random P=81% Random P=78%, guilt*
sample of 100 — sample of R=95%
1 mental health 100 - 50
formulation, 16 events-
ward progress clinical
notes, 25 notes, 50
correspondenc corresponde
e- attached nce-
text, 58 events- attached
clinical note text
4 | As above Random P=84% Random P=83% guilt*
sample of 100 — sample of R=83%
3 ward 100 - 50
progress notes, events-
1 mental health clinical
care plan, 2 CCS notes, 50
correspondenc corresponde
e-attached text, nce-
28 attached
correspondenc text

NOTES

Most of the false positives were due to criminal charges e.g. Plead/pleaded guilty, guilty of charges. Others were

guilt presented in the same list form sentence ‘anxiety, thoughts of suicide, guilt, hope, self-esteem’ or negation,

specifically ‘denies guilt’. The only pattern seen for false negatives was using the word ‘feels’ or ‘feel’ guilty.
Code for post-processing

name like ‘guilt%’

Production

e Run schedule — monthly

e \ersion-1

88



30. HALLUCINATIONS (ALL)
Description
Application to identify instances of hallucinations.
Definition
Development approach: Machine-learning.
Classification of past or present symptom: Both.
Classes produced: Positive, Negative and Unknown.

Positive annotations include: her husband was minimising her hallucinations, continues to experience auditory
hallucinations, doesn’t appear distressed by his hallucinations, he reported auditory and visual hallucinations,
this will likely worsen her hallucinations, his hallucinations subsided, neuroleptics were prescribed for her
hallucinations, it is unclear if hallucinations occur within the context of a delirium, has delirium been ruled out
as a cause for the hallucinations?, he used to experience hallucinations but not anymore, when she relapses
she presents with experience of hallucinations, difficult to assess if hallucinations have gone, visual
hallucinations ++

Negative annotations include: denied any hallucinations, no evidence of auditory hallucinations, he reports it is
a dream rather than hallucinations, hears voices but denies command hallucinations, did not report any
further auditory hallucinations, hallucinations have not recurred, no longer appeared to have hallucinations,
has not had hallucinations for the last 4 months, the hallucinations stopped, auditory hallucinations -

Unknown annotations include: probably/possibly/maybe/likely/unclear/unable to ascertain/unconfirmed
reports of hallucinations/ experiencing hallucinations, pseudo(-) hallucinations, hallucinations present?
?hallucinations, hallucinations?, this is not a psychiatric symptom such as hallucinations, perceptions:
abnormalities including hallucinations, derealisation etc., rating scale including delusions, hallucinations,
clinical domains e.g. hallucinations, hallucinations is a sign of relapse, it is unusual for hallucinations to present
in this way, CBT is effective for hallucinations.

Interra