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Summary
Objective: To determine the impact of the introduction of new pre-written orders for antimicrobials 
in a computerized provider order entry (CPOE) system on 1) accuracy of documented indications for 
antimicrobials in the CPOE system, 2) appropriateness of antimicrobial prescribing, and 3) com-
pliance with the hospital’s antimicrobial policy. Prescriber opinions of the new decision support 
were also explored to determine why the redesign was effective or ineffective in altering prescrib-
ing practices. 
Methods: The study comprised two parts: a controlled pre-post study and qualitative interviews. 
The intervention involved the redesign of pre-written orders for half the antimicrobials so that ap-
proved indications were incorporated into pre-written orders. 555 antimicrobials prescribed before 
(September – October, 2013) and 534 antimicrobials prescribed after (March – April, 2015) the in-
tervention on all general wards of a hospital were audited by study pharmacists. Eleven prescribers 
participated in semi-structured interviews.
Results: Redesign of computerized decision support did not result in more appropriate or com-
pliant antimicrobial prescribing, nor did it improve accuracy of indication documentation in the 
CPOE system (Intervention antimicrobials: appropriateness 49% vs. 50%; compliance 44% vs. 42%; 
accuracy 58% vs. 38%; all p>0.05). Via our interviews with prescribers we identified five main rea-
sons for this, primarily that indications entered into the CPOE system were not monitored or fol-
lowed-up, and that the antimicrobial approval process did not align well with prescriber workflow.
Conclusion: Redesign of pre-written orders to incorporate appropriate indications did not improve 
antimicrobial prescribing. Workarounds are likely when compliance with hospital policy creates ad-
ditional work for prescribers or when system usability is poor. Implementation of IT, in the absence 
of support or follow-up, is unlikely to achieve all anticipated benefits.
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1. Background and Significance 
Inappropriate prescribing of antimicrobials is a key contributor to antimicrobial resistance. Inappro-
priate prescribing includes antimicrobials which are prescribed when not needed; in doses, frequen-
cies, routes or for durations that are not appropriate; or prescription of a broad spectrum antimicro-
bial when a more appropriate narrow spectrum alternative is available [1]. In Australia and inter-
nationally, studies have shown that up to 50% of antimicrobials are prescribed inappropriately [2–4]. 
Many interventions designed to improve antimicrobial prescribing in hospitals have been trialed 
with varying levels of success [5, 6]. A recent systematic review and meta-analysis showed that com-
puterized decision support embedded in computerized provider order entry (CPOE) systems can 
significantly increase appropriate prescribing of antimicrobials [7]. 

A common form of decision support in CPOE is computerized alerts. Alerts are generated at the 
point of prescribing to warn clinicians of potentially inappropriate or unsafe orders. Some studies 
have shown that when well designed and targeted, computerized alerts can be effective in improving 
antimicrobial prescribing. For example, in a hospital in Iran, a rule-based clinical decision support 
system examined the dose and dosing interval of antimicrobials, and generated an alert if these were 
not within the “normal” range. This alert resulted in a significant reduction in dosing errors from 
38% to 22% and a reduction in dosing interval errors from 25% to 20% [8]. 

In addition to reports of positive impact, there are an increasing number of studies demonstrat-
ing that computerized alerts are frequently ignored by clinicians. Studies have found that clinicians 
override (i.e. click past) 49%–96% of drug alerts encountered [9]. Alert fatigue, now a well-estab-
lished phenomenon, results from the excessive generation of computerized alerts [10] and has been 
identified as the primary reason for alerts being ignored and overridden by users [9, 11]. A less in-
terruptive and so often more effective form of decision support in CPOE is pre-written orders. Pre-
written orders eliminate the requirement for prescribers to select/enter components of an order (e.g. 
dose, frequency) as they are pre-populated with recommended values. Unlike alerts that detect po-
tential errors following order entry, pre-written orders guide clinicians in making appropriate selec-
tions during the ordering process. Research has shown that pre-written orders for antimicrobials in 
CPOE can also be effective in improving antimicrobial prescribing. For example, a number of 
studies have shown that weight-based pre-written orders for vancomycin improve vancomycin dos-
ing [12, 13]. Introduction of order sets [groups of pre-written orders] have also been shown to im-
prove antimicrobial use for severe sepsis [14], improve antimicrobial use in critically ill children 
[15], and increase timely discontinuation of post-operative antimicrobials [16].

At our study hospital, antimicrobial formulary restrictions were communicated to prescribers via 
the presentation of a computerized alert in a CPOE system. However, previous observational studies 
undertaken at the hospital revealed that prescribers were being presented with a large number of 
computerized alerts, the majority of which were not read by doctors [17]. In an attempt to minimize 
dependence on computerized alerts to inform prescribers of antimicrobial policy recommendations, 
a series of new pre-written orders for restricted antimicrobials were developed. 

2. Objectives
In this study, we set out to determine the impact of this decision support redesign on antimicrobial 
prescribing. We examined the impact of the implementation of new pre-written orders on three out-
come measures: 
• accuracy of antimicrobial indications documented by prescribers in the CPOE system, 
• appropriateness of antimicrobial prescribing, and 
• compliance with the hospital’s antimicrobial policy. 

We also aimed to explore prescriber opinions of the new decision support to determine why the 
change was effective or ineffective in altering prescribing practices. 
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3. Methods 

3.1. Study site and antimicrobial policy
The study was conducted at a teaching hospital with 320 beds in Sydney, Australia. Hospital policy 
restricted the use of certain antimicrobials based on recommendations made in the Australian 
Therapeutic Guidelines: Antibiotic [1], local resistance patterns and locally endorsed unit-specific 
protocols. All antimicrobials were classified according to a ‘traffic light system’, as shown in ▶Table 
1. ‘Green’ antimicrobials were not restricted in their prescription and did not require approval for 
use. All ‘red’ antimicrobials required approval. ‘Orange’ antimicrobials needed approval where use 
was outside pre-specified indications. This study focused on only orange antimicrobials as previous 
audits at the hospital revealed that compliance with the policy for orange antimicrobials was very 
poor [18].

3.2. Computerized provider order entry (CPOE) system and decision 
support 

The CPOE for medication management (CSC, MedChart®) allows electronic prescribing, pharmacy 
review, and medication administration. Most medications, including antimicrobials, are available to 
prescribers as pre-written orders. That is, prescribers select an order that is pre-populated with rec-
ommended values. The medication management CPOE system interfaces with other hospital clini-
cal information systems, including a CPOE for ordering and reporting of laboratory and imaging 
tests, paging, rostering and clinical documentation. Patient progress notes were not electronic. 

Prior to decision support redesign, MedChart® informed prescribers of antimicrobial restrictions 
via the presentation of a computerized alert at the point of prescribing. Prescribers were not able to 
move past the alert screen without entering text into the comment field of the alert. As shown in 
▶Figure 1, prescribers wishing to order an orange antimicrobial entered the number corresponding 
to the clinical indication in a comment field at the bottom of the alert screen. If they wished to pre-
scribe the antimicrobial for a non-approved indication, they were instructed to input the indication 
into the comment field and contact the antimicrobial stewardship doctor to gain approval. The 
number of indications listed in an alert was dependent upon the antimicrobial and ranged from one 
to fourteen approved indications. For example, as shown in Figure 1, vancomycin is pre-approved 
for five indications.

The intervention: Half the orange antimicrobials were randomly selected to be ‘Intervention anti-
microbials’ (▶Table 2). For these intervention antimicrobials, decision support was redesigned so 
that approved indications were incorporated into pre-written orders. In this way, prescribers were 
not required to read alert text to determine what indications were pre-approved. Instead, prescribers 
were required to select an antimicrobial order-indication combination (e.g. Azithromycin 1g Oral 
regularly every 7 days for 2 doses – mild-moderate urethritis; Azithromycin 250mg Oral once daily 
– pulmonary mycobacterium avium complex [MAC]) from the list of pre-written orders within the 
CPOE system (▶Figure 2). Lists were ordered based on route of administration. The number of pre-
written orders available for selection was dependent upon the antimicrobial and ranged from one to 
20 pre-written orders. Note that the unit of randomization for this study was antimicrobial, inde-
pendent of the number of orders prescribed of each antimicrobial.

Opportunities to incorporate decision support into the CPOE (at the local level) were limited and 
the decision to incorporate indications into pre-written orders was based on the availability of this 
functionality within the system. Decision support was redesigned by the hospital’s electronic medi-
cation management pharmacists (those with expertise in the operation of the prescribing func-
tionality) and was approved by the hospital’s Antimicrobial Stewardship Committee, comprising 
doctors, both senior and junior, and pharmacists. Accompanying the change to the system, flyers 
were posted around the hospital and antimicrobial stewardship staff, pharmacists and prescribers 
received training on the two possible mechanisms for recording antimicrobial indications in the 
CPOE. This training was delivered by the Project Lead pharmacist and comprised a 15-minute dem-
onstration of the two methods, including how to select and record indications, as well as practical 
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examples. It is important to note that pre-written orders were not unique to antimicrobials and all 
doctors were familiar with using this method of prescribing for other medications. 

3.3. Study design
This study comprised two parts 
• a controlled pre-post study (▶Figure 3) and 
• qualitative interviews. 

As described above, decision support was redesigned for only half the antimicrobials (the ‘Interven-
tion antimicrobials’). No change was made to ‘Control antimicrobials’. 

3.4. Procedure
Relevant details of orange antimicrobials prescribed on any ward in the hospital before (September – 
October, 2013) and after (March – April, 2015) the intervention were extracted from the CPOE sys-
tem. This included information related to the antimicrobial (e.g. drug, dose, frequency, and route), 
indication for use [as recorded in the alert comment field or pre-written order], prescriber details 
(name, specialty and prescriber level) and patient details [medical record number, ward and age]. 
Two experienced clinical pharmacists then reviewed patient progress notes to determine the indi-
cation for use of each antimicrobial in our sample based upon the clinical information presented in 
each patient’s record. 

3.4.1. Determining accuracy of indications documented in the CPOE system
To determine accuracy of indications documented in the CPOE, we adopted a similar approach to 
previous studies [19–21] and compared antimicrobial indications recorded in the CPOE to indi-
cations evident in patient progress notes. If concordant, the indication documented in the CPOE 
was deemed to be accurate. If no indication was documented in the CPOE or in patient progress 
notes, accuracy was classified as ‘un-assessable’. 

3.4.2. Determining appropriateness and compliance of antimicrobial use
The indication recorded in patient progress notes was viewed to be the gold standard against which 
appropriateness and compliance was assessed. To determine whether the antimicrobial was appro-
priate, the Australian Therapeutic Guidelines: Antibiotic [1] and locally endorsed guidelines were 
consulted. Antimicrobial orders were classified as appropriate, suboptimal (if antimicrobial was ap-
propriate, however dose or frequency were not optimal), inappropriate or un-assessable (if no indi-
cation was documented in both the CPOE and in patient progress notes). To determine whether 
compliant with the hospital policy, pharmacists first established whether the antimicrobial had been 
prescribed for a pre-approved indication, and if not, whether approval from the antimicrobial stew-
ardship doctor had been sought. If either of these conditions were met, the prescription was desig-
nated ‘compliant’. If no indication was documented in the CPOE or in patient notes, compliance was 
classified as ‘un-assessable’. Cases where it proved difficult to determine appropriateness or com-
pliance were discussed with a clinical microbiologist. 

Prior to commencement of formal data collection, inter-rater reliability (IRR) was undertaken to 
ensure the two study pharmacists were consistent in their assessments of appropriateness. This in-
volved pharmacists independently reviewing the same antimicrobials and making an assessment of 
appropriateness. The two pharmacists and clinical microbiologist then came together to discuss in-
consistent cases. Three rounds of IRR were undertaken with pharmacists, where 12, 35 and 26 anti-
microbials were independently reviewed. In the last round of IRR, the pharmacists achieved 81% 
agreement (kappa =0.69).

3.4.3. Exploring prescriber opinions of decision support
Prescribers were opportunistically recruited via direct approach (i.e. were directly approached while 
on the wards) and invited to participate in a short semi-structured interview. Junior doctors were 
targeted for recruitment as previous research indicated that senior doctors are less likely to use the 
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CPOE system [17]. All prescribers who were invited agreed to take part. Interview questions were 
developed with input from a clinical pharmacologist, pharmacist and a human factors researcher, 
and were piloted with a junior prescriber prior to being finalized. Prescribers were asked to 
• describe the two ways of documenting indications in the CPOE (i.e. in the comment field of 

alerts and in pre-written orders), 
• explain which approach they preferred and why, and 
• suggest possible reasons for why indications recorded in the CPOE may not always be concord-

ant with the indications evident in patient notes.

The interviews were audiotaped and transcribed. The de-identified content was analyzed by three 
investigators, two pharmacists and a human factors researcher, to identify factors contributing to in-
accurate documentation of indications and non-compliant or inappropriate antimicrobial use. A 
general inductive approach [22] was used for analysis, whereby contributing factors were extracted 
with no a-priori framework or model to guide analysis. This involved reviewers reading each state-
ment made by participants and coding each as a contributing factor, if relevant. Investigators came 
together periodically to compare factors they had identified. Any disagreements in contributing fac-
tors were resolved via discussion. Regular meetings also allowed researchers to determine when 
theme saturation had been achieved. Interviews were continued until no new themes were apparent, 
which is an appropriate and standard approach for qualitative research [23]. This occurred following 
eleven interviews with doctors. Doctors included one senior doctor (an anesthetist) and ten junior 
doctors (interns, residents and registrars) who rotated through various specialties. 

3.5. Statistical analysis
The analyses were conducted for our three main outcomes: concordance, appropriateness, and com-
pliance. For the descriptive statistics, we calculated the proportions of concordant, appropriate, and 
compliant prescribing by study period and intervention group. Multivariate logistic regression mod-
els were applied to examine the impact of the intervention on the three outcomes (interaction term 
of study period and study group), and then adjusted for prescriber specialty (34 specialties), pre-
scriber level (3 levels) and the number of indication options available for selection. In the regression 
model for appropriateness, the suboptimal category was grouped with the inappropriate category. 
The significance level was set at 5% and SAS version 9.4 was used for data management and ana-
lyses.

4. Results

4.1. Accuracy of indications documented in the CPOE system
Overall, prior to decision support redesign, accurate indications were documented in the CPOE sys-
tem for 63% of assessable antimicrobial prescriptions (▶Table 3: 80% (60/75) for the control group; 
58% (150/257) for the intervention group; Total: 210/332). Although antimicrobials were random-
ized to control or intervention group, the groups differed at baseline with respect to accuracy of in-
dication documentation – 58% of intervention antimicrobials and 80% of control antimicrobials in-
cluded an accurate indication. 

Redesign of decision support had no impact on accuracy of indications documented in the CPOE 
system. No significant difference was found between intervention and control antimicrobials in the 
proportion of antimicrobials with concordant indications across the study periods (p=0.1). Adjust-
ing for prescriber specialty, prescriber level and the number of indications available for selection 
using the logistic regression model, did not alter this result (p=0.1). 

Interestingly, from the logistic regression model, each additional indication available for selection 
in alerts or pre-written orders was associated with a 9% (95% CI: 6%-13%) decrease in the odds of 
an antimicrobial indication recorded in the CPOE being accurate (p<0.0001). 

In a large number of cases, concordance between the indication evident in patient progress notes 
and the indication recorded in the CPOE system was un-assessable (399/1089, 37% of all antimicro-
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bial orders). This was because no indication was recorded in the CPOE (n=290), or no indication 
was documented in patient progress notes (n=141). In some of these cases, there was no indication 
documented in both the CPOE and progress notes. In instances where prescribers failed to record or 
select an indication in the CPOE, they entered largely un-interpretable (e.g. “ICU”), nonsensical text 
(e.g. “fsdf”) into the comment field of the alert, or manually removed/edited the indication in pre-
written orders. 

4.2. Appropriateness of antimicrobial prescribing
Prior to decision support redesign, 55% (▶Table IV: [100+191]/[143+388] = 291/531) of assessable 
antimicrobials were identified to be appropriate. There was a difference at baseline between groups, 
with 49% (191/388) of intervention antimicrobials and 70% (100/143) of control antimicrobials clas-
sified as appropriate in the pre period.

Redesign of decision support had no impact on appropriateness of antimicrobial prescribing 
(▶Table 4). Despite the differences at baseline, no significant difference was found between inter-
vention and control antimicrobials in appropriateness across the two time periods (p=0.6). Adjust-
ing for prescriber specialty and the number of indication options available for selection did not alter 
this result (p=0.6). Each additional indication available for selection(in alerts and in pre-written 
orders) was associated with an 8% (95% CI: 5%–11%) decrease in the odds of an antimicrobial being 
appropriate (p<0.0001). 

4.3. Compliance to the hospital antimicrobial policy
Prior to decision support redesign, 48% (▶Table 5: [87+171/[144+388] = 258/532) of assessable 
antimicrobials were compliant with the hospital’s antimicrobial prescribing policy. There was a dif-
ference at baseline between groups, with 44% (171/388) of intervention antimicrobials and 60% 
(87/144) of control antimicrobials found to be compliant with the policy.

As was found with accuracy and appropriateness, compliance with the hospital policy was not in-
fluenced by redesign of decision support (▶Table 5). Despite the differences at baseline, no signifi-
cant difference was found between intervention and control antimicrobials in compliance across the 
two study periods (p=0.8). Adjusting for prescriber specialty and the number of indication options 
available for selection did not alter this result (p=0.54). Each additional indication available for se-
lection (in alerts and in pre-written orders) was associated with a 7% (95% CI: 5–10%) decrease in 
the odds of an antimicrobial being compliant with the hospital policy (p<0.0001).

4.4. Clinicians’ views about decision support redesign
Via our interviews with prescribers we identified five main factors that contributed to inaccurate 
documentation of indications in the CPOE, non-compliance to hospital policy and inappropriate 
antimicrobial use. 

Dose and frequency took priority over indication
Regardless of the method used to record an indication in the CPOE, it became immediately appar-
ent that prescribers did not view documenting an indication for antimicrobial use as a priority. 

They are still getting the right dose, it’s still the right thing, it’s still on the computer, I guess what dif-
ference does it make. (D6)

Prescribers explained that when selecting a pre-written order from the list available, they 
searched for an appropriate dose and frequency of an antibiotic, not the indication. Identifying an 
order with an appropriate dose was viewed as more important than selecting the correct indication. 

I think lots of people, they just like choose the same dose and frequency that they’re after and they 
just click it, regardless of what the qualifier [indication] says. (D1)

From anecdotal evidence I know that a lot of people will just click ceftriaxone regardless of what 
quicklist [pre-written order] it is… for example they’ll just look at dosages rather than the indication 
and say yes I want the 1g daily for 7 days, I’ll click that one. (D2)
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Long lists of pre-written orders facilitated errors in selection
Prescribers were generally very positive about pre-written orders but explained that in some cases 
there were large numbers of orders available for a single antimicrobial and this led to unintentionally 
selecting the wrong order.

Um, sometimes there are a lot of options and so I don’t think I’ve personally done it but I know my 
colleagues have accidently clicked the wrong dose just because there are a million different regimens or 
dosages... I’d hate to see the quicklists [pre-written orders] go; perhaps you could take out a few. (D7)

For example, ceftriaxone, there is an enormous list of quicklists [pre-written orders] and you sort of 
have to scroll through to find the one that you want. (D2)

Lack of monitoring of indications entered into the CPOE system
One of the most common beliefs expressed by prescribers was that information recorded in the 
CPOE system was not being read or used. Therefore, there were no consequences for individual pre-
scribers when they recorded an incorrect indication. 

The pharmacy is not going to be any wiser to the fact that the indication is wrong and it is not the in-
dication. (D5)

You wonder who checks them, with some of those pop ups, I know they are not checked or I think 
they are not checked and so it is just irrelevant. (D11)

Doctors explained that the CPOE system and the approval process in general was easy to over-
ride. 

No one ever follows up and no one ever gets pulled up. (D1)
By doing a pre-approved indication, even though it is false, they are not going to get chased up to in-

vestigate it further. (D5)
The system lets you move, click forward even if you haven’t given an appropriate indication or any 

indication at all- you just have to hit a letter. (D11)

 Antimicrobial approval process was time consuming and poorly integrated
Several participants explained that seeking approval for non pre-approved indications was time con-
suming and interrupted their workflow. When time pressured and rushed, prescribers often entered 
or selected an approved indication, even if not completely accurate. This removed the requirement 
for prescribers to step away from the prescribing process to contact the antimicrobial stewardship 
doctor and saved time. Many doctors reported choosing indications that were partly consistent with 
what they intended to prescribe the antimicrobial for.

I reckon maybe, if they are in a really big hurry and they just want to prescribe a drug and it fits the 
criteria in terms of dose and time but might not fit the actual indication, so people might just take that 
short cut if there is a long list. (D6)

But I know some of my colleagues will just type something in which won’t make any sense. They just 
type a few keys just to proceed to the next level…I don’t think that that is done to challenge the system, it 
is just done so we can give the patients the right antibiotics. Cause you know we are never going to chart 
something that we don’t think is appropriate but…I guess you could say that the on-line system could be 
viewed as a barrier. (D7)

Pressure from senior doctors to prescribe without obtaining approval
Related to time pressure, junior doctors reported that they felt pressure from more senior doctors to 
prescribe antimicrobials without gaining approval from the antimicrobial stewardship doctor. Junior 
doctors recorded inaccurate indications to bypass the approval process and to avoid being repri-
manded by consultants. Several junior doctors also reported feeling intimidated by more senior 
staff.

As a junior doctor you do try to game the system and do what you are told to do and the less number 
of people trying to chase you up, making sure your prescribing is appropriate...makes life easier. (D5)
It’s a physician telling you to do it and as a junior doctor you are not going to say well maybe that’s not 
the correct indication, arrhh whether it is wrong or right…you’ve got to do it regardless…because an 
expert in the field supposedly has told you to do it. (D7)
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5. Discussion 
We found that redesign of computerized decision support did not result in more appropriate or 
compliant antimicrobial prescribing, nor did it improve accuracy of indication documentation in 
the CPOE system. Prescribers reported intentionally selecting/recording inaccurate indications in 
the CPOE to bypass the approval process, save time and avoid reproach from more senior doctors. 
This workaround was possible because the system was easy to override and indications for use were 
not monitored and followed-up.

We have identified no previous study assessing accuracy of indication documentation for anti-
microbials in a CPOE system. Our results are comparable to those reported in other studies that as-
sessed accuracy of indication (or ‘problem’) selection for non-antimicrobial prescribing (29–95%) 
[19–21]. However, documentation of indications for antimicrobial use represents a unique case be-
cause restriction to use an antimicrobial is often dependent on what the antimicrobial is being used 
for [6]. In this study we learned that inaccurate documentation of indications was often deliberate to 
avoid the associated approval process. 

“Gaming” the approval system, and the resultant non-compliance to hospital policy, appeared to 
be due to several factors, a key influence being that the approval process did not align well with pre-
scriber workflow. That is, if ordering an antimicrobial for an indication that is not pre-approved, 
prescribers were required to step away from the prescribing process, make contact with the anti-
microbial stewardship doctor and obtain approval before returning to their prescription. Research 
has shown that users adopt workarounds in response to systems that are perceived to adversely im-
pact on their workflow [24, 25]. Streamlining approval for antimicrobials and minimizing dis-
ruption to workflow have been identified as factors associated with long-term effectiveness of other 
decision support interventions, such as web-based antimicrobial restriction programs [6, 26]. Thus, 
to facilitate compliance with approval processes (i.e. seeking and gaining approval for non pre-ap-
proved uses) hospitals should ensure that procedures are efficient and seamlessly integrate into pre-
scriber workflow. 

Another important factor contributing to prescribers ‘working around’ the system was the ab-
sence of monitoring of documented indications. The inclusion of a mandatory indication field in 
alerts resulted in prescribers entering nonsensical text or punctuation into the system to move past 
the alert window. This was possible because no verification or validation of content was performed. 
Although computerized systems often enable greater visibility, and as a consequence, accountability 
than traditional paper-based systems, this benefit is realized only if computerized data are reviewed 
and followed-up. Thus, implementation of IT, although often viewed as a solution to overcome inef-
ficiencies associated with paper-based records, may require ‘human’ support and resources to 
achieve all desired benefits.

Accuracy of indication documentation was not assessable in over a third of the antimicrobial pre-
scriptions in our sample because no indication was recorded in the CPOE or in patient progress 
notes. Of a particular concern was the failure of prescribers to document antimicrobial indications 
in patient progress notes. During auditing of paper records, determining an indication for anti-
microbial use proved to be a resource intensive and difficult process because prescribers did not 
often explicitly list an indication for use. The recording of indications in electronic systems has been 
proposed as a panacea to this documentation problem [18], but our results suggest that accuracy of 
electronic documentation is likely to be dependent on a number of work process and system factors.

One system design aspect that influenced appropriateness, compliance and accuracy of indi-
cation documentation was the number of indication options available to prescribers for selection. 
During interviews, prescribers reported that long lists of options potentially increased the risk of in-
correct selection. Our quantitative findings provide some support for this claim. Each additional in-
dication available for selection in alerts or pre-written orders was associated with a reduction in our 
three outcome measures. One possible explanation for this finding is “choice overload” – offering 
people too many choices may impede decision making via the increase in cognitive load associated 
with choosing from a larger assortment [27]. Providing decision-makers with limited time to make a 
decision has been shown to exacerbate the detrimental effect of choice overload on decision-making 
[28]. Thus, in a busy clinical environment, where doctors have limited time to place orders, provid-
ing prescribers with fewer options is likely to lead to more accurate selection. 
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This study had a number of limitations. Firstly, we relied on prescriber documentation in patient 
notes to make our assessments of antimicrobial appropriateness and compliance and this resulted in 
number of cases being classed as ‘unassessable’. We assumed that the diagnosis recorded in patient 
notes was accurate. Secondly, we investigated the impact of the decision support redesign on appro-
priateness, compliance and recording of indications for orange antimicrobials, but did not monitor 
other unintended consequences of redesign, including for example, changes in use of red antimicro-
bials. To more fully understand the impact of new decision support on prescriber work, a compre-
hensive investigation of all antimicrobial prescribing is necessary, preferably in prospective research 
designs.

6. Conclusion 
Overall, we found that implementation of pre-written orders with appropriate indications did not 
improve antimicrobial prescribing. Workarounds are a risk when compliance with hospital policy 
creates additional work for prescribers or when system usability is poor (i.e. too many options are 
provided for selection). Importantly, implementation of IT, in the absence of support or follow-up, is 
unlikely to achieve all anticipated benefits. Incorporating antimicrobial monitoring and approval 
into the CPOE system to better align with prescriber workflow, and undertaking audit and feedback 
of documented indications would be an ideal way forward. 

7. Clinical relevance statement 
Following implementation of new decision support, workarounds are likely when system use creates 
additional work for prescribers or when system usability is poor. Implementation of decision sup-
port, in the absence of human support or follow-up, is unlikely to achieve all anticipated benefits.

Multiple Choices Question
Integrating an antimicrobial approval process into a computerised order entry (CPOE) system is 
likely to be unsuccessful if:
• A. The system is easy to override
• B.  Gaining approval via the system does not align with prescriber workflow
• C. Antimicrobial prescribing and approvals are not monitored by antimicrobial stewardship staff
• D.  All of the above

Correct choice is D All of the above. Based on our interviews with prescribers, we determined that 
doctors were intentionally recording inaccurate indications in the CPOE to avoid gaining approval 
to use an antimicrobial. The approval process was time consuming and required prescribers to step 
away from their ordering workflow. Indications recorded in the CPOE system were not regularly re-
viewed or followed up and the system was easy to override. This combination of factors made it pos-
sible to work around the approval process.
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Fig. 1 Computerized alert that triggers when prescribers select vancomycin. Doctors must enter the number corre-
sponding to the indication in the alert comment field.

Fig. 2 Pre-written orders for azithromycin. These orders incorporate approved indications.
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Fig. 3 Study design and numbers of 
antimicrobials (abx) audited in Part 1.
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Table 1 Hospital antimicrobial policy; *CAP=Community Acquired Pneumonia; IV=Intravenous

Antimicrobial

Red

Orange

Green

Description

These antimicrobials required antimicrobial 
stewardship doctor approval before they 
could be prescribed

These antimicrobials could be used without 
approval for specific indications but required 
antimicrobial stewardship doctor approval if 
prescribed outside of this pre-defined list

These antimicrobials were not restricted

Examples

Daptomycin
Linezolid

Azithromycin IV is pre-approved for severe 
CAP* (in combination with IV ceftriaxone or 
cefotaxime) or for severe sexually-acquired 
pelvic inflammatory disease

Flucloxacillin
Cephalexin

Table 2 Orange antimicrobials were randomized to control or intervention

Control antimicrobials

Aciclovir 

Cefepime

Ceftazidime

Gentamicin 

Itraconazole

Moxifloxacin

Intervention anti-
microbials

Amphotericin Nebu-
lised

Azithromycin 

Cefotaxime

Ceftriaxone

Ciprofloxacin

Clarithromycin

Control antimicrobials

Piperacillin/tazobactam

Terbinafine Oral

Tobramycin 

Valaciclovir

Vancomycin

Voriconazole

–

Intervention anti-
microbials

Fluconazole

Foscarnet

Norfloxacin

Oseltamivir

Ribavirin

Rifampicin

Sodium Fusidate

Table 3 Number (percentage) of control and intervention antimicrobial orders where the indication in the CPOE 
was concordant and non-concordant with the indication in patient progress notes in the pre and post periods

Concordant (i.e. accurate)

Non-concordant (i.e. inaccurate)

Total

Control antimicrobials

Pre period

60 (80%)

15 (20%)

75 

Post period

59 (77%)

18 (23%)

77 

Intervention antimicrobials

Pre period

150 (58%)

107 (42%)

257 

Post period

106 (38%)

175 (62%)

281

Table 4 Number (percentage) of control and intervention antimicrobial orders that were appropriate, suboptimal 
and inappropriate in the pre and post periods

Appropriate

Suboptimal

Inappropriate

Total

Control antimicrobials

Pre period

100 (70%)

23 (16%)

29 (14%)

143

Post period

80 (67%)

29 (24%)

10 (8%)

119

Intervention antimicrobials

Pre period

191 (49%)

99 (26%)

98 (26%)

388

Post period

205 (50%)

107 (26%)

94 (23%)

406
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Table 5 Number (percentage) of control and intervention antimicrobial orders that were compliant and non-com-
pliant with the hospital’s antimicrobial prescribing policy in the pre and post periods

Compliant

Non-compliant

Total

Control antimicrobials

Pre period

87 (60%)

57 (40%)

144

Post period

72 (61%)

47 (40%)

119

Intervention antimicrobials

Pre period

171 (44%)

217 (56%)

388

Post period

171 (42%)

235 (58%)

406
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