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Disclosure -'

- Elsevier provides management tools and content for order
sets, care plans, clinical pathways, drug information, smart
reference, analytics, and probably other stuff | don’t even
know aboult.

- This talk contains a few examples from Elsevier, some from
the Brigham, and a lot from general sources.

- None of the material is intended to be commercial.




Good CDS is good for healthcare

reduced dosing errors after implementing CDS with CPOE
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News seems to fluctuate

Causes errors!

Hurts patients!

Prevents errors!

Saves lives and $$!




Grand Challenges (2008)

Available online at www.sciencedirect.com
Journal of

<77 . . . .
*.” ScienceDirect Biomedical

" Informatics

e = B
ELSEVIER Journal of Biomedical Informatics 41 (2008) 387-392

www.elsevier.com/locate/yjbin

Grand challenges in clinical decision support

Dean F. Sittig *®*, Adam Wright >, Jerome A. Osheroff ¢, Blackford Middleton ©,
Jonathan M. Teich "€ Joan S. Ash ®, Emily Campbell b David W. Bates "

- Usability - Filter for co-morbidities

- Share CDS artifacts - Make use of free text
(executable/readable) iInformation

- Provide CDS - Learn new CDS from
repositories big data

- Communicate best
nractice CDS




Frontiers

- Knowledge access
» Clinical pathways
- CDS sharing

- Back to the roots




Knowledge Access
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Knowledge access

Consult
requests

G

Therapies/
Procedures

B
RN & MD D
History/
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Docu-
entation
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Order
handling

& Med

Pre-visit } L )
questionnaires; || Pattern Knowledge — Alerts,
facesheets recogni- ||delivery/ Structured monitors
tion Interactive ref |document'n || Order
logic sets; Error
error checking;
checking ||alternatives
RECOGNIZE FORMULATE EXECUTE
PATTERNS PLAN PLAN EVENTS

From Improving Outcomes with Clinical Decision Support, © HIMSS 2012

guides;

Follow- Time-based
up care | |monitors; pt
prompts | |reminders

(also 1)

RESPOND TO COMMUNICATE



Knowledge access -‘

- At Recognize and Formulate
time, it's about Q&A
> Confirm things | know
> Tell me about things | didn’t know
> Tell me about new things

- The “smart doc on my shoulder”:




..nderstanding information needs and queries

- 300,000 consecutive queries to MDConsult, ClinicalKey
- Synthesized ontology of information needs
- Agrees with and extends work of Ely et. al.

1 |Sample search query

GG |treatm of hyperhidrosis

&7 |atrial fibrillation anticoagulation
G5 ({(anemia) and diagmosis

B2 | {septic shock) and diagnosis

70 |corticosteroids in bronchiolitis

"insulin pump therapy in children" and
72 |adolescents

74 [thrombolysis in myocardial infarction

76 |indications for tpn

77 |deep brain stimulation for parkinson's disease

Howe do | treat COMDX?

How effective is MED in the treatment of COMNDXY

How do | work up a patient with COMNDX?

How do | work up a patient with CONDX?

How effective is MED in the treatment of COMNDXY B

Howe dao | use MED ik the treattment of COMNDXT B
Howe do | use MED in the treatment of COMNDXT (]
Howe is OTHERTH used in the treatrment of COMDXY (]
How effective is MED in the treatment of COMNDXT 2,
Howe dao | use MED ik the treatmment of COMNDXT A,

YWhat are the risks and benefits of using OTHERTX in the
treatrment of COMDXY M
YWhat are the risks and benefits of using OTHERTX in the
treatment of COMNDX?

How is OTHERTX used in the treatment of COMNDX? F:

Ll



~ Doctors only ask about 80 questions

59 | How do I perform STUDY?

60 What DX could cause lab test finding RESULT?

b1 * Diagnosis: Differential Diagnosis (by Topic 1...2...n)

62 How do | distinguish CONDX from CONDX2...n7

63 Compare DX1...0Xn as the cause of OBS1...0BSn (differential diagnosis)
64 What DXs could cause history finding OBS?

65 What DXs could cause physical finding OBS?

66 = What DXs could be the cause of OB51+...0B5n?

67 | What DX could cause lab test finding RESULT?

68 * Diagnosis: Consultation

69  In what circumstances should | obtain consultation in the workup of CONDX?

70 * Treatment: Summary Approach

71 What are the best treatment options for CONDX?

72 How should | manage condition CONDX (not specifying diagnostic or therapeutic)?
73 | Compare MEDL...MEDn (or med class 1...n) for treating CONDX

74 Compare medical vs. surgical vs. other treatment for CONDX

75 * Treatment: Medications: (by Drug 1...2...n)

76 What is the best medication treatment for CONDX?

77 How effective is MED in the treatment of CONDX?

78 What is the dosing of MED?

79 What are the side effects and adverse effects of drug MED, and how do | avoid/manage them?
80 | Are there contraindications to using MED?




Convert evidence =»Knowledge graphs, triples

Has alternative procedure

Has complication
_Has treatment procedure

Has diagnostic procedure

Has comorbidity

[Has differential
diagnosis \ Has risk factor

Has clinical finding

Has alternative procedure

Has clinical finding
Has diagnostic procedure

y [ Has screening
.proce ure -
————Has prevention™

~Has treatment procedure

Has risk factor.

Has prevention

———Has cause—

Has device Has complication

Has complication Has cause

Physical objects Has physician spedialty /as risk factor
Disease to anatomy

social context m Has precise ingredient

Has prevention Has drug
.

—

Has drug
Substance/Drugs

has drug
SOE: 10 SOR: 9




Knowledge as a service tuned to need -}

Devices

Information Needs
CDS Tools |
Patient Data E‘
Resource Data

— A

Knowledge Base




‘Precision Information to answer queries

Find an answer to: Iwhat s the diference between seizure and syncape? Il

ASSESSMENT Differential Diagnosis Syncope versus Seizures

From Syncope
Source: Comprehensive Hospital Medicine (YEAR)

The differentiation between syncope and seizures is important, and it is not always obvious. Tongue biting or oral trauma, incontinence

(especially fecal), lack of pallor or cyanosis, persistent tonic-clonic movements, slow return to consciousness, post event headache or
confusion, or myalgias indicate seizures. Symptoms of nausea or diaphoresis priorto the event suggest syncope, whereas an aura (an auditory
nhenomenan, an upset stomach, complex visual experiences, orunpleasant olfactory sensations) is associated with seizures. Patients with
syncope do not remember actually hitting the ground. Post event confusion has been described with syncope, butthe confusion should not [ast
mare than 30 seconds. Seizure-like activity can occur with syncope (convulsive syncope) ifthe patient is held in an upright posture. However,
convulsive syncope is not sustained and also rarely asts longer than 30 seconds. Seizures generally [ast for at [east 1-2 minutes. Seizures are
associated with sterftorous breathing and tachycardia, whereas syncope is usually associated with pallor and a slow, thready pulse.




Paracetamol {micromol/L)

Knowledge in the right form

Paracetamol nomogram

12

Kent and Medway m

Ratified by Kent & Medway Arwa Prescrbing

Diagnosis of
= Angina

Conuitee April 207
Beta Bloclers For review April 2009
Reduce rontality & rotbidity
Contraindications defived as Asthuma /
(COFD il i )
Unconirolled heat fiibhure is a shov SILGTN iotensi
eyt Biwdaian Beta Blocker's 5 i 5 m;‘:;“

(1" choice unless absolute Contraindication) Referral for enzyme

T indubitor
Mircr side effbcts such s cold feet aw ot ¢
neumally an indication for stopping thevapy. tolerated dose)
The risk-benefit ratio shonld be considered

for each mdividual

BB Contraindicated or not

tolerated

Treatrisk factons BB well tolerated but
Life style (sroking diet exercise) still syraptoratic
Aspivin TSme
Statin
Control Hypertersion l
add
Astha Bradycardia First degree Heart Block Low BP Dihydropyridine
butno simus bradveardi calcium channel
l l l l blockereg
Rate limiting calcium | | Dihydropyridine Dihydrop yridine If in sinus thythra 5-10rag od
channelblocker calcium ¢ hannel calcium ¢ hannel Selec tive sinus node or
eg blockereg blockereg If channel inhi itor Nicorandil
Rilii Sl ie Adladip e 5-10ng od Amlbodipine 5-10mg od ie Ivabradine or
or or Long acting nitrate
hdil 10-30 rag bd Nicorandil 10-30 g bd Nicorandil 10-30 mg
or bd
ting nitrate Long acting nitrate
or
Trabradine 5-7.5 mg bd

Nitrates useful for short relief of angina orbefore higher levels of exertion but
because oftolerance cannot give 24 hr cover.
Avoid short acting calenim charmel blockers

Notes

Little evidence that addition of a third drug helys relieve syraptorns so that if 2 drugs
are not providing satisfactoryrelief, switching to an alternative corabination is
probably more appropriate than adding more .

Ivabradine information to aid shared care:
Provides rate control during exercise by direct action on Sinus node.

Onlyeffective if in sinus rhythra. Does not affect AV node so First degree Heart
block not a contraindication. Does not affect blood pressure. Sick sinus syndrome
and resting bradycardia are the rost iraportant contraindication

Usually initiated after consultation with a cardiologist

Srag bd for 3-4 weeks then titrate to 7.5mg bd. See BNF for more details.




Knowledge at the right depth

Time Medium/Product Use case
BN ™
seconds
>Point of Care
GE) minutes /\
5 Procedure/Radiology Guides
% NN Summative References >Reference
S
< hours Handbooks, Monographs \/
BB Best Access to: > Research
days Reference Books
Full Text Journals
_v _/

& »

Amount of information




There is precedent for converting knowledge to QAR

GD gle tylenol overdose symptoms n
R

All Shopping Images Videos Mews Mare = Search tools

About 168,000 results (0.45 seconds)

Symptoms of liver failure:

¢ Anorexia—no interest in eating.

* Nausea.

+ Yomiting.

¢ Discomfort.

« Abdominal pain—especially in the upper-right portion of the abdomen.
¢ Excessive sweating.

s Jaundice.

s Confusion, sleepiness.

Symptoms Acetaminophen Poisoning Conditions 197581
health.cvs.com/GetContent.aspx?token=f75979d3-0c7c-4b16-afs6...  CVS Pharmacy -

About this result » Feedback

Acetaminophen Overdose: Symptoms & Treatment Options - Drugs.com
www . drugs.com » CareMotes

Commaon signs and symptoms happen during each stage of an acetaminophen overdose. If the overdose
is treated right away, you might have fewer or easier symptoms in the later stages. First 24 hours:
Nausea, vomiting, stomach pain, and loss of appetite.
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Applications: Knowledge as surveillance

Schedule JlsEMEGLEgs Actionable Updates

Hope, Robert DOB: 11-25-1974 Age/Gender: 35/M Allergies: Penicillin G Language: English

Snapshot

Results Review Actionable Updates

Heart failure patients taking losartan (Cozaar) 50 me/day should be switched to 150 masday

Synopsis
Intake/Output Very low energy diet may improve obl Heart failure patients taking losartan X
I (Cozaar) 50 mg/day should be switched
Problem List to 150 mg/da

Demographics g/day
History Read Summary - Source: BALJ {3 Dec 200%)
Motes Mﬂz Eﬂb:_; ,&; ;I:pet J"_l-._-'talle i {‘?f Mr. Hope fits this critera:

1 ast 3Znd Stree el1: _ .
Medications Cincinnati, OH 45044 Tel2: (51) o \CD% = 428,
Flowsheet ! ' ® Med =losartan [Cozaar)
e ¢ Dosage =50mg PO qd
g
Order Review Problem List FirstConzult topic: Heart failure
) /day new dagse
Order Entry Heart Failure new dose
— — methotrexate 15mg/week new med
Admissicn Hypertension, uncontrolled : :
Pre-transfer nitrofurantoin (macrocrystal-monchydrate)
Rheumatoid arthritis (MACROBID) capsule 100 mg

LA Sleep Apnea new study
Rounding L o
I Immunizations / Injections
Consult Reminders and Results - none -
Procedures - none -

Discharge



actionable-updates-video-demo/actionable-updates-video-demo.html
http://mdc.dreamhosters.com/au/

‘Knowledge on rounds

Dr. Julias Hibert

Settings Rounds

. Mike Roberts

Headache

© ¥ 8 H

AMB ;

Usto, et luctus tortor. Nulle Yanks, Dus aliguet

42 Male 59" 240lbs | N T

2onia soslerisque tempor, lacus lacus omare ante

Sque tsucibug vestibulum. Nulla st nufia

aC egestas esl urma sil ame arcy

Type 1 Diabetes

N polantasquo Gaucibus vestipulum, MNula at nulia
USI0, D061 luctus tortor. NuliG fachs. Dus aliguet

b AR

Penicillin egestes pur lendt. Curabitur vulputate, ligula

1acCuUs iacus omare anle

AG S0eSIas el Lrma Sit ame! arca

General

Migrane-type HA >72 hrs. give 250-500 cc D51/2 NS prior 1o neuroleptic
administration & d observed 1or polential orthostalic hypotension ancd scute

Radiology

CT head no contrast (1) pt with HA and new abinl findings on neuro exam
andJor guapicicn of serious intracranial process [Level 2 ACEP 2008, ISTI

2009 OR ) acute haad trauma with &z (ISCI 2008)

CT head with contrast (1) any new sudden-onset severa MA (Lavel
2008) OR (2) consider n HIVY pt wath new type of HA (Level 2 ACE

Medication




Clinical Pathways
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Definition of a Clinical Pathway (Cochrane) .I

1. Structured, multidisciplinary plan of care

2. Standardizes care for a specific clinical problem or
procedure

Translates guidelines or evidence into local action
4. Shows all the care steps in some structured form

Advance to next step at certain times or after certain
events happen

Found in 80% of US hospitals

THE COCHRANE
COLLABORATION®

Kinsman et. al., BMC Med 2010; 8:31




,,,,,,

- Complex, chronic care

- Accountable care model — multi-site, multi-clinician,
synchronized

- Standard care models, e.g., prenatal
- Acute inpatient protocols

- Under-resourced,
developing countries




Pathways can be multi-threaded

Related Pathway: 1 3

Related Pathw Inpatient Pathway for the Care of Children Learn More

D with Thermal Burns ar
American Burn
Association

Goals and Metrics Thermal Burn Requiring Criteria to Guide Admission Unit TS
SIS eI Transfer to Burn Center .
PICU Admission Trunk Burns Dressing

Surgical Service, Floor Admission )
Hand Burns Dressing

Review ED Care
Perform History and Physical

Assess Pain

Ewvaluation of Burn
Depth: TESA Lund Browder Chart
Classification: Moderate/Severe

Admission Orders

w l L J

Wound Care Phyeical Care Consults & Discharge Flanning
Debridement Wital Signs Social Work
Re-evaluation of burn /o SCAN (as needed)
i d depth . S
12 a.n =P Fain Control Child Life
Dressings .
Temperature Control Subspecialty
Mutriticn Consultation

Discharge Planning

Discharge Criteria

Source: CHOP




Burn Injury/Thermal Burn - Clinical Pathway: Inpatient

Criteria to Assist in Determining Admission Unit

Admit to Floor

Transfer to
Burn Center

Admit to PICU

MO inhalation injurny

MO airway edema

MO significant oral burns

= 15% THSA partial thickness burn (minor and maderate burns)
MO hyperbaric oxygen treatment

= 15% TBSA partial thickness or = 5% TBSA full thickness thermal burn (major burns)
Severe electrical or chemical burn
Fotential need for grafting

Consult with trauma A-| and call Transport Communication Center at 4-2160
Chester-Crozer Burn Unit: 610-447-2300
St. Christopher Burn Center: 215-427-6900

Intubated, potential airway edema, potential inhalation injury, severe oral burns

= 16% TBSA burns with delayed transfer to Burn Center due to instability or bed availability
Cther injuries requiring 1CU care

Hyperbaric axygen treatment for elevated carboxyhemaoglabin

Severe pain reguiring aggressive pain management




Consults and Discharge Planning

Consults

Social Work PRM for altered coping
Lack ofinsurance
Fule-out abuse

SCAN Team if concern for abuse Patterned contact burns with insufficient history
Cigarette burn
Stocking, glove pattern to burn
Mirrar image burns of the extremities
Symmetric burns on buttocks
Immersion burn
Multiple burn sites

Subspecialty Consults

Ophthalmology Burns in or near eyes

Plastic Surgery Ear burns
Full thickness burns that might need skin
grafis

Speech Therapy Cral burns

Occupational and/or Physical Burns over joints

Thera
- Limited range of motion

Possible splinting to prevent scar contractures

Pain Team Mmimid DA




Multi-step pathway with occasional CDS outputs

ISymptoms of PEI

e

[Thrombosis present|

|

& =
| !

1 1 l I [Thrombosis present|

|Thrombosis present| [Non-Diagnostic| ) I
[PE Excluded]

=
o

e rees e




CDS Sharing
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http://www.starwars.com/games-apps/star-wars-crawl-creator/?cid=576c4221e4b0f6d21a232be1

Erelemoecdas 1T

A NEW HOPE

M rorracdrrivzap» Frcar Fdzalrezrruzsl MazivcaTy EWHTh

L .

IS Convsortiome

AArTye rican Health Iy Mmoo
Ty rmrLr Ly

ONC CDS Expert Panel

Advancing CDS standards project

MHealth e-Decisions

CDS on FHIR




What | Want: The CDS Pyxis machine

 Disseminate
« Standard format

« Select
« By target, intervention
type, setting
* Download
» Measure

e (Collect Feedback




Getting there: Standard CDS main components

Figure 7-1: Intervention Core Components and
Their Sequence in Intervention Execution

. ~
~ ™~
- ]
Trigger y; N \
/ \ \
/ v \

Logic:
intervention
needed?

L J » Presentation = Achion ltems
Nofification > Acknowledgement

(if needed)

30




Trigger points Actions
* Register * New Order

« ADT * Del/Chg Order
« Observation * View info

* Order start * Post assertion
* Med select * Exception
* Test result * [Track]




CDS on FHIR

. CDS Cards & CDS Decisinns.
(displayed in EHR) (automatically applied)

CDS —‘—‘

Services information card decision

$200 per month
(patient pays $30)

suggestion card
EHR triggers a S
. DS hook Try HCTZ as first-line

Switch to HCTZ

[{

delete: ...

create:

}H

app link card

Managing hypertension?
Launch JNC 8 Rx Pro

. User reads,

runs apps,
and decides.




Latest efforts -}

- NAM Workgroup on CDS

> Authoring

> Distribution

o Integration (EHR and workflow)
> Technology

- A few companies springing up to connect CDS to any EHR
- The CDS Construction Kit

> Type of health episode (well visit, chronic condition...)

> Type of process (admit, communicate, discharge, order, print,
administer)

> Type of intervention, key parameters




Other stuff
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%Simple-to-build CDS

P

( [:] Herald =

‘ Your Protocols

= Your Protocols . .
Active Protocols

=+ Create Protocol
View or modify your axisting protocols below

Share & Discover Protocol Name Input
Troponin elevation
Craated 11.08.2015
Troponin
Hematocrit drop
Created 11,7.2015
HCT

Radiology report
finalized

Created 11.7.2015 Rads

© 2016. Herald Systems

Condition

1t

More than 0.01

Y

Less than prior by

1

Has finalized

Output

Page

SMS

Emall

Patient(s)

BWH Cards
B1

MRN:
53135305

MRAN:
13478245

Status

»

Actions

i {8

ili

i

i

i




How is your CDS doing?

Source:
Stanson
Health

released 01.23.2015 status active stop soft

IMAGING FOR LOW BACK PAIN &=

BestPractice Advisory [12305101231)

Don't do imaging for low back pain within the first six weeks, unless red flags are present.

653  13% 63% 24% - - $300 | $29.5K  $138K
alerts  followed (84)  ovemidden (413)  ignored (156)  unknown ()  silent () cost est.savings  est. opportunity
- v w

overrides (413 total) trends

Duration >6 weeks 69% £ chart options
(283)
N 10
Click on the notepad icon 14% ), show al
(56)

to enter a comment.

Recent trauma OR 8% &

cumulative trauma (32)

-] 4

Focal neurclogic 6%

deficit/disability, cauda (24) 2

equina

] o

Prior spine surgery 1% Aug Sep oOct

W groreo B overnocen B rotiowea

providrs

‘ &

Osteoporasis of
compression fracture

—
W R

Cancer 1% @ grid options | 118 providers found

(3
OEEEEEEE——— provider totals ~ followed overridden ignored unknown silent
Recent infection OR O?f; smith, John (es2s 105 6 (6%) . 99 (94%)

&)

olonged corticosteroid
P 9 Physician - Physical Medicine

Copeland, Jennifer (2ss0) 32 - 3 (97%) 1(3%)

Physician - Nephrology

‘ﬁ
=]
R

Unexplained weiaht




Patient-facing CDS

fitkit

4

TUESDAY / Nov 17, 2009

1 5 6 9 CALORIES
REMAINING

Goal Food Exercise Net

2100 +1010 -479 531

Add to Diary

»

 Total Fat (a)

Saturated (g)

Home




0

Aspirin

Because you have diabetes or heart disease, you might

benefit from aspirin or another similar medication to
prevent heart attacks and strokes, but there may be 2
good reason why your doctor has not prescribed it.
Talk with your healthcare provider to find out if you
should take aspirin regularly. Tip: Enteric-coated
aspirin is effective and often safer than non-coated
aspirin.

Blood Pressure

On average, your blood pressure has been running
high recently (average of 120/85 from your last two
visits). The recommended blood pressure goal is
130/80. If your blood pressure medicine has not been
recently adjusted or you are not on blood pressure
medicine, you should talk with your provider about

steps you can take to help lower your blood pressure.

Urine Protein
People with diabetes have a higher risk of kidney

Dicoa

7112006

11172007

1N72007

1172008




Health surveillance

gOOgle Or Flu Trends Language: English (United States) $

le.org hom Explore flu trends around the world

Flu Trend . .
oy We've found that certain search terms are good indicators of flu activity. Google Flu Trends uses aggregated Google search data
Select country/region v to estimate flu activity. Learn more »

Home
How d hi 7
EAQ
Flu activity
Intense
High

Moderate

Low

Minimal




Clinical genomics

Oenococcus oeni




Back to our roots
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Smart documentation: -}

- “Hi doc, | have a problem”
- “Have you ever had it before?”
> “Do you also have this other relevant condition?”
> “Do you have risk factors?”
> “You might have X or Y”

- “Here, this is the best treatment for your symptoms and for your
problem”

— I'll give you this, You do that
- “Let’s schedule something to find out more”

CDS-driven smart documentation can make noting much
better




Quick knowledge
(Smart Doc)

Facilitate complex
processes

Share CDS
Simple CDS building
Big data

Monitor itself

Easy EHR

Deliver the most relevant info in a small,
actionable package (mostly acute)

Simplify, optimize, keep track (pathways)

The CDS Pyxis machine — choose ‘n’ use logic
and operation.

Lego blocks for the key components — for any
CDS type. Teaching file of good examples

Focus: provide filtered, highest priority
recommendations

reduce fatigue by focusing on the important stuff

Documentation and optimization bundles for
conditions instead of E&M codes




- CDS is still the promise of HIT

As Chuck Friedman said:




