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What impact do electronic clinical 

systems have on ICU outcomes?
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Systematic Review
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 20 Studies – 13 moderate quality, 7 weak

 11 USA, 4 UK, 5 other   

 No Australian studies



6 Studies of ICU mortality pre and post 
Computerised order entry systems 
(CPOE) in ICUs

Pooled estimate 12% reduction 
in mortality



10 Studies of medication errors pre and post 

Computerised order entry systems (CPOE) in ICUs

Pooled estimate 85% 
reduction in errors



Medication 
Safety

• International safety challenge 

• Global costs associated with 
medication errors – US$41 billion 
annually

• Evidence indicates that electronic 
medication management systems 
are highly effective

• Major element in health IT business 
cases world wide.
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Do eMM systems reduce medication 

errors?

Controlled before/after study

2 Hospitals     2 Systems       6 wards

http://campaigns.businessobjects.com/partners/images/728_cerner_logo.jpg
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Sample: 3200 patient admissions; >12,000 prescribing errors

Prescribing errors declined by >50% (p<0.0001)

44% (p=0.0002) reduction in serious prescribing 
error rate

25/100 admissions       14/100 adms
(95%CI 21-29) (95%CI 10-18)

No significant change on the control wards (p=0.4)



 eMM – resulted in a reduction of A$63-66 per 

admission

 Entire hospital with 39,000 annual admissions 

= releasing A$2.5M each year
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Is eMM
the 

Solution?

Stepped wedge cluster randomized controlled trial
Aim – Assess the impact of eMM in paediatrics including 

harm & cost-effectiveness



Evidence that targeted decision support 

can be highly effective



Impact of decision support on 

repeat laboratory test ordering 

rates
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Repeat testing for 5073 children under 1 year in ICUs significantly 
(p<0.0001) declined following the introduction of electronic test 

ordering 

Li et al. 2014 What is the effect of e-pathology ordering on test re-ordering for paediatric patients? 
Studies in Health Technology and Informatics, 204, IOS press, 74-79.
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But…….

A large body of work demonstrating that doctors override alerts 

(i.e. click past alerts without following recommendations), up to 

95% of alerts

Alert fatigue - mental state resulting from excessive 

numbers of alerts being triggered

Leads to:

• User frustration and annoyance

• Prescribers overwhelmed by alerts

• Learn to ignore all alerts
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When and why decision support may 

be effective?



What impact does eMMS decision 

support have during ward rounds?

 58.5 hrs,14 teams,

96 orders

 48% of medication 

orders triggered 

alerts

 17% read

No orders changed



Junior doctors’ response to 

computerised alerts at night

16:30-22:30

• Observational study -
65 hours

• 78% of alerts were 
read

• 5% resulted in a 
change in prescribing

Context Matters
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Design 

is 

critical

Two options
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How do hospitals decide what alerts to 

implement?

Decision support volume increasing

Survey of 26 Australian hospitals (Page N, et al, JPPR, 2018)

All had Allergy and Drug-Drug interaction checking

69% also had dose-range checking

Configuration decisions fueled by a perception that 

alerts change prescriber behaviour and improve patient 

outcomes – But very few local evaluations of their 

effects
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 Drug-condition – 5/6 studies showed positive effects

 Drug-drug interaction – 2/6 studies 

 Corollary order alerts – 1/6 studies

 No one studied the combined effects of multiple alert types

An evidence-based approach to decision 
support selection



33% of patients, 67% of ICU patients experience potential DDI

Few studies report harm

Bucsa et al, 2013     - Only ~2% were harmed by DDIs (e.g. 
Bradycardia; abdominal pain)

15,000 alerts???

Does the size of the problem warrant the 
solution?
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Drug-drug Interaction (DDI) Alerts

Large potential number – 100s - >15,000 alerts



Study to assess the impact of adding DDI 

alerts in a hospital electronic medication 

system

Allergy & 

Intolerance

Dose 

Range 

Local rules Therapeutic 

Duplication

DDIs

Alert Condition 1 

(Live system)

Reference condition

    

Alert Condition 2

(Test system)

    

Research by Anmol Sandhu
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 Prescribed medication orders for all admitted patients at Hospital X 
on a single day extracted and replicated in a ‘test’ EMM system

 The ‘Test’ system had DDI alerts enabled – moderate, severe, 
unknown



Overall alert volume by adding DDIs

Alert Condition 1

209 alerts generated

145 (25%) 
medication orders 
generated at least 1 

alert

1.4 alerts per 
medication order 

(range: 0 - 4)

Alert Condition 2

1063 alerts 
generated

348 (60%) 
medication orders 
generated at least 1 

alert

3.1 alerts per 
medication order 

(range: 0 - 11)

Increase with DDI 
alerts

+509%

+240%

+212%

Medication orders
Background: 2728
Study date: 576

Patients
254 admitted inpatients
- 133 had study date medication orders  

Statistically significant increase with 

DDI alerts (p<0.005) 25

Research by Anmol 
Sandhu at MQ
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Next generation of decision 

support driven by AI approaches

Assisted Intelligence – Helping providers perform tasks faster and better

Augmented intelligence – Helping providers make better decisions

Autonomous intelligence – automating decision making processes without human 

interventions 



In an era of AI driven clinical 
support many of the 

challenges of designing 
effective mechanisms and 
models for incorporating 

decision support into clinical 
workflows remain.  
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What can we learn from 

experiences with Electronic 

Decision Support ?

Human Factors Design –

Critical

Context important -

Behavioural Economics  -

Evidence of how people 

make decisions



Daniel Kahneman, Nobel Prize winner economics and the 
author “Thinking fast and slow”
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Research on decision-

making

Decision option presentation influences user choice.  

 Providing option to maintain the status quo selected over 

making a change 

 Items placed first selected more frequently

 Presenting antibiotic choice grouped according to narrow 

or broad spectrum, rather than listing individual drugs, 

resulted in a significant reduction in inappropriate 

antibiotic use.

 Tests or medications in an order-set increases use, even 

in situations when not clinically appropriate.



Choice Architecture
NUDGING PEOPLE TO MAKE A ‘DESIRABLE’ 

CHOICE 



Digital 
nudging 
and the 
future of 
decision-
support 
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Understanding decision-making 

context

Target support to big safety/quality 

problems

Apply choice architecture and digital 

nudges

 Evaluate and monitor both expected 

and unexpected changes using 

robust measurement approaches

An evidence-based approach to 

electronic decision support



Johanna.westbrook@mq.edu.au
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Thank You 


