
Computerised decision 
support systems to 
support antimicrobial 
stewardship (AMS) 
 



Definition of CDSS 

 

“The	provision	of	clinical	knowledge,	
intelligently	filtered	and	presented	at	
appropriate	8mes,	to	enhance	pa8ent	care” 
Purcell	BMJ	2005	

	



Overview 

•  How effective is computerised decision 
support for antibiotic stewardship? 

•  What are the factors that are likely to 
result in a successful system? 

•  What are the barriers to successful 
implementation? 

 





Why do we need it? 
 

The Prescriber 
Infections are cognitively 
difficult to treat 
Knowledge performance gap 
Pressures to use knowledge  
(governance, cost) 
Current access to 
information overload via 
internet 
Standardise practice 

The AMS team 
Workload of AMS program 
proportional to hospital size 
and complexity 
CDSS can triage workload 
Supports AMS key elements 
Data aggregation 
Reporting 
 



Consolidated	flow	model	for	ADVISE	development	(Thursky,	2007)	

AnJbioJc	prescribing	decisions	and	communicaJon	of	these	
is	complex.	How	do	we	get	to	the	decision	maker?	



Examples	of	An.bio.c	DSS	
•  Passive:	Intranet/internet	guidelines	

•  Smart	phone	apps	

•  Pharmacy-based	(back-end)	
•  Aminoglycoside	monitoring,	redundant	anJbioJc	combinaJons,	therapeuJc	mismatches		

•  Approval	systems	
•  Guidance	MS	(Melbourne),	IDEA3S	(Melbourne),	John	Hopkins	Paediatric	Medical	Centre	

•  Computerised	physician	order	entry/Electronic	Medical	
Records	

•  Advanced	CDSS	with/without	order	entry	
•  AnJbioJc	assistant/Theradoc	(Hospira),	TREAT	(Tel-Aviv),	AnJmicrobial	Resistance	

UJlizaJon	and	Surveillance	Control	(ARUS-C)	(Singapore)	
	
Thursky,	K	(2006).	Use	of	computerized	decision	support	systems		to	improve	anJbioJc	prescribing.	Expert	Rev	
An8	Infect	Ther,	4:491-507.	Sintchenko,	V.,	et	al.	Decision	support	systems	for	anJbioJc	prescribing.	Curr	Opin	
Infect	Dis	21,	(2008).	Cresswell	K	et	al.	A	systemaJc	assessment	of	review	to	promoJng	the	appropriate	use	of	
anJbioJcs	through	hospital	electronic	prescribing	systems.	Int	J	Pharm	Pract.	2016.		



Are	Computerised	DSS	effec.ve	for	AMS?	
•  CDSS	improve	adherence	to	clinical	guidelines	and	reduce	

medicaJon	error	(Level	I	evidence)	
•  Almost	all	reported	anJbioJc	DSS	demonstrate	a	reducJon	in	

amount	of	or	costs	associated	with	anJbioJc	use,	LOS	
•  Some	evidence	to	demonstrate	that	they	stabilise/prevent	

the	development	of	anJmicrobial	resistance	(Yong	2010;	Pestotnik	
1996)	

•  Impact	of	commercial	CPOE	systems??	(publicaJon	bias)	
	
Few	appropriately	designed	studies	evalua8ng	the	impact	of	
CDSS	on	pa8ent	outcomes	and	an8microbial	resistance	 	

		
	
Garg,	JAMA	2005;	Hunt	JAMA,	1998;	Thursky	Exp	reviews	2006.	Creswell	2015	



Antimicrobial 
Approval Systems 

AnJmicrobial	restricJon	and	approvals	
are	an	essenJal	element	of	AMS	
	
1.  Support	the	formulary	
2.  Restrict	use	base	on	indicaJon	
3.  Opportunity	for	educaJon	at	the	

point	of	prescripJon	
4.  Phone,	web-based,	within	EMM	



The Guidance Workflow 







JAC	2017	

A	single	DSS	deployed	across	12	
hospitals	including	rural/regional	
Shared	AMS	program	management	

Hub	and	spoke	model	of	care	
ReducJon	in	target	anJbioJcs	with	

reducJon	in	mortality	from	respiratory	
infecJons	and	sepsis	

	



Impact of Guidance AMS 
program 

•  Cost savings in drug expenditure alone (per year) 
–  >$1 mil in 6 hospitals within 12 months  (Thompson, ASA 2013, Bond JAC 2017) 

•  Cost-effectiveness of AMS Program using Guidance  
–  incremental cost-effectiveness study (Coulter, ASA 2016) 

–  0.26 QALY per patient and reduced costs by $1301 per patient 

•  Reduction in targeted restricted antibiotics (Buising et al, JAC2008 and 
Cairns et al MJA 2013, Bond JAC 2017) 

•  Reduction in Hospital Acquired Infection/ C. Diff (Bond et al 2017) 

•  No unintended consequences (Buising et al, 2008, Yong et al, 2010, Bond 2017) 

•  Recognised as an exemplar in hospital accreditation  



 
 
 
 
 
 
Expenditure pre/post-implementation 
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Expenditure restricted antimirobials 

Series1 

One Melbourne hospital: Antimicrobial expenditure more than doubled in 5 years 

Includes Mero, Vanc, Tic-clav, Pip-Taz, IV Cipro, Cefepime, Ceftaz, Teic, Linezolid, pristinamycin, colistin 

Expenditure restricted antimicrobials

0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

180,000

A
ug
-0
9

S
ep
-0
9

O
ct
-0
9

N
ov
-0
9

D
ec
-0
9

Ja
n-
10

Fe
b-
10

M
ar
-1
0

A
pr
-1
0

M
ay
-1
0

Ju
n-
10

Ju
l-
10

Time in months
E
x
p

e
n

d
it

u
r
e
 i
n

 d
o

ll
a
r
s



 
Antibiotic sensitivity changes in the ICU-RMH 
 (2000-2006) 

M.Yong	et	al.	Improved	suscepJbility	of	Gram	negaJve	bacteria	in	an	intensive	care	unit	following	
implementaJon	of	a	computerised	anJbioJc	decision	support	system,	JAC	2010	

	



MOBILE APPLICATIONS 



	
	
	
	

Mobile	access	preferred	by	
prescribers	

Supports	bedside	access	to	
guidelines	
Calculators	
AnJbiograms	

Mobile	device	compaJble	EMR	
May	be	developed	by	the	

insJtuJon		
Some	are	customisable	

	
	
	

	
RecommendaJons	may	not	be	

insJtuJon	relevant	
(e.g	use	of	US	guidelines	with	

levofloxacin	)	
Version	control	

Reliable	wireless	access		
Decision	making	on	ward	
rounds	by	senior	staff	

Increase	knowledge	but	may	
not	influence	prescribing	

behaviour	
	
	

Charani,		JAC	2013	
Goff,	Pharmacotherapy	2013	
	



	
In	2000,	US	healthcare	organizaJon	
failure	rate	for	new	IT	systems	50%	

	
Kaplan,	B.	EvaluaJng	informaJcs	applicaJons--

clinical	decision	support	systems	literature	
review.	Int	J	Med	Inform	64,	15-37	(2001)	



Computerised physician order entry 

 

•  Very slow introduction in  Europe (highest 20% 
Netherlands) and  15% US hospital. ? Higher rates in Asia 

•  Major costs – $US10,000 per bed 
•  Driver: 1 in 10 patients have preventable adverse event 

without CPOE 
•  Are very effective in reducing procedural error rates (~60%) (e.g 

illegible orders) 
•  Much less effective in reducing clinical error rates (wrong dose, 

wrong drugs  

•  Increased errors without decision support ‘e-
iatrogenesis” (Weiner 2007) 

•  Alert fatigue, limitations of drug interaction database 

•  .. 

  



EMR/CPOE  

•  Default values, routes of administration, doses 
and frequencies  

•  Alerts (allergy, dosing, drug-drug interactions) 
•  Pre-prescription restriction rules 
•  Automated stop orders (e.g surgical prophylaxis) 



Syndrome	monitoring	

Order	sets	

StandardisaJon	



•  Chart abstraction tools to screen and identify 
patients at risk for sepsis, or collate information for 
AMS (medicines, results) 

•  Record AMS recommendations and interventions  
•  Support order sets for syndromes (e.g community-

acquired pneumonia) 
•  Alerts and triggers to identify patients suitable for 

intravenous-to-oral switch, or AMS review 
•  Care protocols (templates or phased order sets) 



AMS in EMR/CPOE integration 
•  Patient centred NOT system based 
•  Require substantial institutional investment up front  
•  Require significant hospital IT time to create the tools 
•  Templates must be incorporated into electronic medical 

records at each site 
•  Local adaptation still required for each build 
•  Less responsive to change  

 

Will	reduce	transcripJon	errors,	but	not	incorrect	
choice	or	indicaJon	(unless	combined	with	decision	
support	or	approvals	that	trigger	post	prescrip8on	

review)	
	



Surveillance tools to support AMS 
Hermsen ICHE April 2012 
•  Evaluation of TheradoC in Nebraska Medical Centre , 624 beds  
•  Pre-post intervention using historical controls 
•  CDSS triggered prospective alerts (classified as actionable by the ASP or 

decentralised pharmacist 
–  Influenza/pneumonia vaccine 
–  Polyantimicrobials (>=3) 
–  Drug-bug mismatch  
–  Redundant anaerobic coverage 
–  Vancomycin use and BC pos for CNS or MSSA 
–  No positive cultures in prior 7 days 

•  8,571 alerts in 791 patients over 5 months. 284 interventions made. 
•  Only 30% of alerts actionable , 2-3 hrs per day reviewing and 1-2 hrs 

intervention and documentation 
•  High number of non-actionable alerts (alert fatigue) 



Advice	–	RB	1	

Improved	empiric	therapy	
Cluster	randomised	trial.	TREAT	study	

group	(Paul	et	al.	JAC	2006)	
	

Advanced	
decision	support	



TREAT:	the	model	

StochasJc	
variable	Causal	links	

CondiJonal	
probabiliJes	



Organisational readiness 

Extent to which an organization is and prepared to 
invest in adapting the software to the organization, 
developing policies and procedures and training staff 
 
The implementation cost of an electronic 
record is estimated to be 1.5 times the cost 
of the system 

 
 

Boonstra	&	Broekhuis.	BMC	Health	Services	Research	2011	
	



Technical readiness 
•  IT infrastructure 
•  IT resources  

Resource 
readiness 
• Financial 
• Human 

Staff skills 
readiness 
• Mainly project 

officer 

Process readiness 
•  Implementation plan 
• Existing antimicrobial 

stewardship program 

Structural 
characteristics 
• Culture 
•  Infectious 

diseases service 

Administrative readiness 
• Executive support 
• Antimicrobial stewardship 

committee 

Organisational 
readiness 
assessment 



Features of CDSS that are likely to increase 
clinician uptake 



Features of CDSS that are likely to increase clinician 
uptake 

•  Speed 
•  Usability (ease of use, usefulness) 
•  Integration into workflow 
•  Promote action rather than inaction (i.e provide alternatives) 
•  Simple interventions work best 
•  Evidence/justification should be provided 
•  Impact should be monitored and feedback given to 

clinicians 
•  Incentives for use (printouts, calculations etc) 
•  Local adaptation of guidelines and local development 

 
(Bates 2003, Kawamoto 2005, Moxey 2010) 



Pathology	

Microbiology	

Pharmacy		

	
Electronic	
Medical	
Record	

	

Electronic	
MedicaJon	
Management	

Backend/
InfecJon	

surveillance	
sogware	

AnJmicrobial	
approval	
Systems	

Mobile	
applicaJons	

Legacy	data	sources	
	

Formulary	
Restricted	indicaJons	
Guidelines/Decision	support	
Post	prescripJon	review	
Surveillance	
Audit	and	feedback	

AMR	alerts	
InfecJon	alerts	(e.g	C.diff)	
Bug-drug	mismatches	
HAI/AMR	Surveillance	
	

Alerts	
Order	sets	
Drug	interacJons	
RestricJons	
IndicaJons		
Triggers	(e.g	sepsis)	
Care	templates	
(Advanced	decision	support)		
	
	

Radiology	

Access	to	guidelines	
Calculators	
Systems	below	may	have	
mobile	compa8ble	view	



Summary 
•  Organisational, social and cultural issues relating to 

prescribing behaviour are the key factors that determine 
the effectiveness of CDSS, and resources should be 
directed towards addressing these issues during 
implementation.  

•  The AMS team should consider existing and planned IT 
systems when considering adoption of CDSS.  

•  CDSS must be integrated into the clinical workflow to be 
effective in a complex clinical domain such as AMS.  

•  CDSS are most likely to be successful as part of a 
multidisciplinary AMS program. 

•  A range of CDSS options are available, including mobile 
applications, approval systems, surveillance programs 
and electronic medication management. 


