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Introduction

» Currently

- Co-lead of Specifications project
openEHR

- openEHR Management Board

> Principal, Ars Semantica 74]_RS

semantica
» Background

> Elec Eng + Comp Sci
> By real-time systems
> 5y finance

> 23y in e-health

» Interested in
> Realist philosophy
- Reality, unreality, and modern
politics

> Wine, beer and other coping
mechanisms
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Continuity of Care
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Professional care view

NICE.org.uk

Ky Assessing and diagnosing suspected stable angina

O Stable angina excluded

O Confirm diagnosis of stable angina or continue investigations
O Initial management and ECG

0O Assess the typicality of chest pain

O Clinical history and physical examination

Ky Managing stable angina

O Drugs for treating stable angina
O Stable angina that does not respond to treatment
O Offer a short-acting nitrate to prevent and treat episodes of angina

O General principles

O Information and support
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& Early management of unstable angina and NSTEMI

O Provide information
O Initial drug treatment

O Assess risk of future adverse cardiovascular events

O Deciding about revascularisation

O When to offer coronary angiography

& Tests in hospital for people with a suspected acute coronary syndrome
O Acute coronary syndrome excluded
O ECGfindings

O Acute coronary syndrome confirmed

O Biochemical marker tests

& Chest pain overview

O Information and support

& Initial assessment for transient loss of consciousness

O Initial assessment
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Assessing and diagnosing suspected stable angina

Personwith suspected stable
angina

Clinical history and physical
examination

Assess the typicality of chest pain

Typical or atypical angina Mon-anginal chest pain

|

Initial management and ECG

Diagnostic investigations é

Confirm diagnosis of stable
angina or continue investigations

Managing stable angina Stable angina excluded
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1.2.6 Making a diagnosis

1.2.6.1 Whendiagnosing MI, use the universal definition of myocardial infa rctionl2]. This is the detection of rise
C h e St [ and/or fall of cardiac biomarkers values [preferably cardiac troponin (cTn)] with at least one value above
the 99th percentile of the upper reference limit and at least one of the following:

=L IR * symptoms of ischaemia

* new or presumed new significant ST-segment-T wave (ST-T) changes or new left bundle branch block
Guidance (LEEE)

+ development of pathological Q waves inthe ECG

Overview = are Download
* imaging evidence of new loss of viable myocardium or new regional wall motion abnormalit#]
* identification of an intracoronary thrombus by angiography. [2010, amended 2016]
Putting this g
practice 1.2.6.2 When araised troponin level is detected in people with a suspected ACS, reassess to exclude other
Context causes for raised troponin (for example, myocarditis, aortic dissection or pulmonary embolism) before N
confirming the diagnosis of ACS.[2010] .

Recommend:

1.2.6.3 When araised troponin level is detected in people with a suspected ACS, follow the appropriate

Update infor

guidance (the NICE guideline on unstable angina and NSTEMI: early management or local protocols for

STEMI) until a firm diagnosis is made. Continue to monitor (see recommendation 1.2.3.4).[2010]

1.2.6.4 When adiagnosis of ACS is confirmed, follow the appropriate guidance (the NICE guideline on unstable

]
angina and NSTEMI: early management or local protocols for STEMI). [2010]

1.2.6.5 Reassess people with chest pain without raised troponin levels and no acute resting 12-lead ECG
changes to determine whether their chest painis likely to be cardiac.

If myocardial ischaemia is suspected, follow the recommendations on stable chest pain in this guideline
(see section 1.3). Use clinical judgement to decide on the timing of any further diagnostic investigations.
[2010, amended 2016]

1.2.6.6 Do not routinely offer non-invasive imaging or exercise ECG in the initial assessment of acute cardiac
chest pain. [new 20186]




What is a Care Pathway, Guideline?

» A model of care for a condition
» A decision tree based on research results

» Not a patient care plan
» Each patient is a phenotype and life history

» Typically multiple conditions, and/or
medications

» Clinical level only, not logistical level

» = A Care Pathway / GL has to be /nterpreted
carefully for a real patient
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What is a Care Pathway, Guideline?

» Guidelines today have hundreds of steps /
decisions

» They keep changing
- E.g. SCAD, Lp(a) not on NHS Dx GL for chest pain
- Costs and radiation of CT falling; MRIs improving

» Clinicians are only human

» We need to computerise guidelines

» Today, they are mostly PDFs or static website
like UK NICE
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Guideline:
clinical steps

Process level.
Logistic steps,
e.g. referrals, oyders

ECG
(here)

CTCA report
(radiology) | | (radiologist)

2 weeks

bt 2019 openEHR Foundation



What clinicians want

» A picture of the process
» Where are we in the process right now?
» Who is taking care of the patient now?

» Al
» Al

the orders and status of interventions
the exams, notes, results (the standard

EHR)
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Guideline level

Plan level

Info level
(traditional EHR)
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What we have today

% Madeal Onc DDD
LLLLLL) IIII:IEII:II:II:I
(nijs ]
| =

R

™

Data, but proprietary, fragmented, and mostly unshareable

T

a |

Fragments of process




What we want




Why clinical workflow?

» Team-based care becoming normal

» Complexity, e.g. sepsis, ARDS, complex birth
- Humans can keep 7 +/-2 things in our minds

- Some clinical pathways have 20+ concurrent
variables to take account of

» EXisting approaches are either too
deterministic (BPM), not semantically well
defined (CMMN), or limited uptake (e.q.
Arden, GLIF, ProForma).
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Key use cases #1 - medication

» Routine drug administration
- Timed admins but exceptions
- Many days - shift changes
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E.g. chemotherapy

Drug Standard [R]-CHOEP | [R]-High-CHOEP | [R]-Mega-CHOEP, cycle 1 | [R]-Mega-CH
(R)ituximab 375 mg/m? 375 mg/m? 375 mg/m? 375 mg/m?
(C)yclophosphamide 750 mg/m? 1400 mg/im? 1500 mg/m? 4500 mg/m?
(H)ydroxydaunorubicin 50 mg/m? 65 mg/m?® 70 mg/m? 70 mag/m?®
(O)ncovin 1,4 mg/m? (max 2 mg) | 2 mg 2 mg 2 mg
(E)toposide 100 mg/m? 175 mg/m? 600 mg/m?2 950 mg/m?2
(Pyrednisone or (Pyrednisolone | 40 mg/m? 100 mg 500 mg 500 mg
{OEP, cycles 2 and 3 | [R]-Mega-CHOEP, cycle 4 (last) | Mode Days
375 mg/m*® IV infusion | Day 1
6000 mg/m?® IV infusion | Day 1
70 mg/m2 IV bolus | Day 1
2 mg IV bolus Day 1
1480 mg/m?* IV infusion | Days 1-3
500 mg PO qd Days 1-5
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Visualisation

Rituximab
IV infusion

Dexamethasone
PO

Ara-C cytarabine
IV infusion

Platinol
IV infusion

Day

24h
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Key use cases #2 - Stroke

» Acute ischaemic stroke
- Multiple simultaneous performers
> Multi-disciplinary
- Hand-offs between them
> Time-critical
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Care Process Model MARCH 2016

EMERGENCY MANAGEMENT OF

Acute Ischemic Stroke

This care process model (CPM) was created by the Neurosciences, Intensive Medicine,
and Cardiovascular Clinical Programs at Intermountain Healthcare. These groups > WHAT'S INSIDE?

include n‘lu|l:ic|isc.i|:ilirlzlr}-r representation from neurovascular medicine, interventional

ALGORITHMS:
radiology, cardiology, anesthesia, hospitalists, and others. The CPM provides expert ) } -
i i i i Diagnosis and Classification................ 2
advice for the emergency management of acute ischemic stroke and summarizes current
Emergency Management of
medical literature and national practice guidelines. (See guideline references on page 8.) Acute lschemic Stroke .. 4
- . . Assessment for
Intermountain’s care management system for stroke also includes: Endovascular Therapy ... 7

* Education materials and programs for providers and patients. ED Acute Stroke Process Checklist 6

- N Patient/Family Education
» Multidisciplinary coordination of stroke care. Resources

* Data systems that help providers and facilities track stroke management success.

References .................................. 8
PWhy Focus ON ISCHEMIC STROKE?

indicates an Intermountain measure.

» What's new IN THIS UPDATE? D

« Updated treatment algorithms for diagnosis and classification, emergency
management of acute ischemic stroke, and endovascular therapy (see pages 2-7)

« Telestroke process details (see page 2) ‘W}'
+ New ED Acute Stroke Process Checklist (see page 6) Intermountain-
s Concentrated focus on emergency management Healthcare
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EMERGENCY MANAGEMENT OF ACUTE ISCHEMIC STROKE MARCH 2016

< 10 min

from ED

arrival to
seen by MD

< 15 min
from ED
arrival to
telestroke
activation

ALGORITHM 1: DIAGNOSIS AND CLASSIFICATION
rtines 1o, (PR In-hospital

ALGORITHM 2: EMERGENCY MANAGEMENT OF ACUTE ISCHET"

(a) Intravenous (IV) tPA relative exclusion criteria for < 3 hours since symptom onset®*. 5. GOY. 10V, sav

Contraindications (risk of bleeding is greater than the potential benefit)
= Thrombolytic therapy initiated by another hospital prior to arrival
= CTfindings (ICH, SAH, or major infarct signs)

o SBP 5 107 ~- PPN« AIA i it emionnl ot nne
: Ell;;;rnlg BTW: th I S keeps C h an g I n g ! roxaban (Xarelto®), 3

(Eliquis®), edoxaban (Savaysa®)

Warnings and Precautions (use clinical judgment)
» Blood glucose concentration < 50 mg/dL greater than or equal to 400 mg/dL « Non-disabling stroke symptoms
= Seizure at onset Life expectancy < 1 year or severe

- Recent surgery/major trauma (< 15 days) co-morbid illness
- Active internal bleeding (< 22 days) + History of vascular malformation
- Significant stroke or head trauma (< 3 mo) + History of intracranial hemarrhage

History of brain aneurysm or brain tumor
Pregnant or lactating

= Intracranial or spinal surgery (< 3 mo)
= Myocardial infarction (MI) (< 3 mo)

(b) Additional criteria for IV tPA at 3-4.5 hours

« Age =80
= Imaging finding of infarction with hypodensity involving =33% of the cerebral hemisphere
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CONDUCT stat imaging (c)

CT Tech = Performs non-contrast CT of brain

» Performs CTA and CT perfusion if requested by neurologis
and available at facility (if requested but not available, see
Telestroke info at right).

= Alerts radiclogist to read STAT CT scan
Radiologist » Reads scan and reports to neurclogist the “bleed/no bleed”
and ASPECTS score. IF Telestroke facility, radiologist contacts

neurologist through the Transfer Center.
(See Telestroke info at right.)

TABLE 1. ED Acute Stroke Process Checklist

The challenge of team work —
Coordination and hand-offs

Role Action (for patient presenting with stroke-like symptoms)

RN o Determines acuity: RN determines if patient is possible stroke alert (remains

symptomatic AND LSN <6 hrs.)
o Maotifies HUC of stroke alert

Tips

Example scripting:
room XX."

HUC O Motifies Stroke Alert to ED staff and stroke team, if available, using standard Example scripting:

communication methods

Stroke Alert

MD O Assesses for stroke immediately
o Notifies HUC to activate Telestroke if applicable

andrueecular tharana fnaan T

o Conducts NIHS5-PE (page 3) / Reviews tPA contraindications (page 5) and eligibility for

For BP treatment, oo

= Labetalol (10201
repeat 1 time)

= Nicardipine (5 mg

o Responds to patient room ASAP
Pharmacist® | = Obtains brief medication history

0 Reviews tPA eligibility criteria, as needed

o Prepares for possible tPA administration/pharmacy protocol
EES:E | o Performs 12-lead ECG

*Note: If these services are unavailable, RN/provider may delegate tasks as appropriate.
> @@ -y
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Key use cases #3 - CDS (cancer)

» Breast cancer treatment decision map

- Complex decision pathways

- Need data items from EHR

- Decision expressions, representing rules

> 3 levels of system support
- Fully automated - e.g. TNM - category of treatment
- Recommendation - e.g. ‘consider contra-indications’

- Ad hoc - multiple choices, but criteria only known at
execution time
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Consider TNM

.

Luminal A
ER positive

PR any

HER2 negative
Kig7 low (<20%)

Luminal B (HER2 negative)
ER positive

PR any

HER2 negative

Ki67 high (220%)

Consider TNM

Y

Luminal B (HER2 positive)
ER positive

PR any

HER2 positive

Ki67 any

Considar TNM

£
|

Consider TNM

HER2 type
ER negative
PR negative
HER2 positive
Kig7 any

T<3and Tz3or Tibor
N <2and Nz2or T-_laand T=laor Tl_—Aand Tic 2S:Ts4or T=1laand T=1band
G<3 Gz3 N=0 N=0 N=0 andN=0 N=0 N=0 N=0
Chemoth Chemoth Chemoth
erapy erapy Chematherapy Chematherapy erapy
prescripti prescripti prescriptian prescription prescripti
on on
No prescribed No prescribed No prescribed No prescribed o
chemotherapy chemotherapy chemotherapy chemotherapy
CoNtraindications:
- a transmural myocardial Contraindications:
infarction in an anamnesis Consider - diabetes (severe) ;
- ejectien.fractlion 40% ) contraindication Consider using - allergic reactions h
- heart failure (I - IV stages) | sto taxanes - individual intolerance Consider the
= anthracyclines prognosis
Yes 9 < r 11
Y Rather
good
No
Pick the pattern Pick the pattern
Pick the pattern 12 14 Mo 15 17 Mo s N
Consider Consic
Consider contraindication contraindi
contraindication sto sto
sto anthracyclines anthracy:
th li
anthracyclines ACxA->Pxad ACx4->Pxd
Yes
ACx4—>Px12 ACx4—>Px12
v v h. v
e Epirubicin + E oc ACx4->Dx4 ACx4->Dx4 add trastuzumab to DCH {or TCH)
cyclophosphamide paclitaxel/docetaxel
- - T




Other requirements

» Order sets

» Long-term treatments - changes in staff,
locations, units, institutions

» Checklist / signoff
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Other requirements

» Adaptiveness
> Skip a Task
> Cancel a Task
- Abandon a Plan
- Retry Task(s)
> Override preconditions
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Other requirements

» Task List for worker v Task Plan for patient
» Costing info?
» Analytics?
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Design concepts

Care Pathway
(model patient)

inform . ‘

Care Plan
(specific patient) -~
order T

+ problems and . | prototype

+ goals /~_plan o

+ interventions |

+ follow-up g . ' .

e - Task Plan Task Plan
(current patient) (current patient)

Figure 1. The cave pathway / cave plan / task plan triad
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Designh concepts

The workflow engine doesn’t do the work — performers do

/r Computing Envirenment \*.

OO0

'\.\_ o

L'.i i_"h '\ .
dbsi ! command d n imperfect
esign synchronisation

a 9
n---"’f""t

o i
& # n et
o0

work plan instance

Y/

I
=
[ I
T
Ev-:’l
I
1
1
1
1
4
1
I
1
1
1
1
-
|

‘guideline or! i.....Inform __ % perform .Y
 protocol | ¥ E ﬁ
Real World

Figure 2. Work plan execution paradigm



Design concepts

A basic choice in the Task Plan architecture is
that it is executable in the sense of all
elements used in creating Plan definitions have
an objective computational meaning and can
be executed according to defined semantics.

The intention is that developing task plans is a
kind of Aigh level programming, performed

using dedicated tools, and whose resulting
artefacts are executable.
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Outpati Example: outpatient eye clinic encounter (DIPS)

Eye Clinic
Encounter
Attend -
> function = patient

attend
eye clinic

entry id = Eye clinic visit
time = 2019-02-15 09:30:00
Clinic |-

> admin function 5 practice mgr
——— role = adrin

receive & pass to
--- record consultation

patient

open

. create new
appointment

appointment

description = "patient
arrives at reception”
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manual notification

|

Case éﬂ

review |function = nurse 1
. role = case review return to
~» reception |---;
o - L
> . receive & | _|revieweye| _ > UP(tj_atet N

retrieve EMR function Y — patien
- pass to doc - - EMR

i _} -

description = al

"patient called"

v

Consult

A e

function = physician
-~ —— role = consultant

receive & eye update return to
— > ) retrieve EMR [ consultation -~ patient EMR reception |-
[

description =
"patient called”
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Visual Modelling Language

https://specifications.openehr.org/releases/PROC/latest/tp vml.html

Main Specification

https://specifications.openehr.orqg/releases/PROC/latest/task planning.html

Copyright 2017 openEHR Foundation


https://specifications.openehr.org/releases/PROC/latest/tp_vml.html
https://specifications.openehr.org/releases/PROC/latest/task_planning.html

Archetype Designer

S tp-gerb . Gastroesophageal Reflux Disease Treatment %

Gastroesophageal Reflux Disease Treatment (openEHR-EHR-COMPOSITION.work_plan.v0)

Definition Flow Description Analytics
-
¢ Acquisition of
Prescription of medicines in a —
medications pharmacy
® \
Q » ication
- treatment
&
Request form for Abdominal surgery —
abdominal surgery
AN /
Implementatios
> - of therapy for Abdominal

gastroesophage: surgery

Medical
treatment and
Abdominal
surgery

Repository: tp-gerb
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Constraints Details Annotations
Rm Attributes

atCode

Occurrences 1.1

Type ARCHETYPE

Archetype id

openEHR-EHR-COMPOSITION.work_pl m

reflux disease Outline
O
— =3 Dr’L..J{J—‘(I
Medical Prescription of —) —( —{:
L=l _ Hpt Tt 4 e
prescription medications O 0 j—D{g,—D—% |-4:I_G}::ﬁ
y —-{3—1 Lo

v1.10.6-b9



Resources

M C ﬁh @ specifications.openehr.org

A v || @ searchBing \
3 work [3J openeHR [J HIT [ Technology [3 Discourse [ Music [3 Google [ Logins [ HERE [ TRAVEL [ TOREAD [J WATCH [ HOME [J Health [3 London Time Converte...
v . EHR Home | V
¥ ¥ : Open industry specifications, models and e
OpenEHRSpeCIfICGUOHS software for e-health

Custom Search

Working Baseline Architecture Overview | Archetype Technology | GLOBAL UML | CLASS INDEX

Latest Releases

Component Implementation Specifications Releases

Historical Releases

CNF

(Conformance) Platform Conformance: System Under Test (SUT), Conformance Schedule, Profiles, Certification
Issue Trackers

PRs|CRs
Governance )

— REST APIs: EHR, Query, Definitions JDT: JSON Data Template JSON 1.0.0 (cooking)

XML 2.0.0 (cooking)

(Implementation Technologies) = XSDs: XML Schemas for the openEHR RM and AM | JSON schema: JSON Schemas for the openEHR RM and AM
REST 1.0.0 (07 Dec 2018)

IP and Licensing

Mailing Lists PRs|CRs BMMs: BMM schemas for Task Planning, RM, Expressions, BASE XML 1.0.2 (31 Dec 2008)
Wiki
Component Formal Specifications Releases
SM Platform Services: Ehr, Query, Definitions, Ehrindex, Admin, Demographic, Terminology, Message, SystemLog
(Service Model)
PRs|CRs SIM-B: Simplified Information Model ‘B’ for use with JSON Data Template
cDS

(Clinical Decision o o o o
GDL2: Guideline Definition Language v2 = GDL: Guideline Definition Language v1

Support)
PRs|CRs
TP Visual Modelling Language (TP-
PROC TP Examples:
Task Planning (TP): An adaptive, executable, team-based model of VML):
(Process Model) Real-world worked 1.0.0 (1 Dec 2017)
workflow - Work Plan, Task Plan, Event A visual modelling language for clinical
PRs| CRs TP examples.

plans and workflows.
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