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M E D I C AT I O N - U S E  T E C H N O L O G Y

Decision support at the point of prescribing  
to increase formulary adherence

Pieter J. Helmons, Carrie r. Coates, Jos G. W. KosterinK, and CHarles e. daniels

Purpose. Study results demonstrating 
the effectiveness of order-entry clinical 
decision support (CDS) alerts as a tool for 
enforcing therapeutic interchange are 
presented.
Methods. A retrospective observational 
study was conducted at an academic medi-
cal center to evaluate formulary nonadher-
ence before and after implementation of a 
fully electronic medical record with comput-
erized prescriber order-entry (CPOE) tech-
nology configured to display therapeutic 
interchange alerts immediately on entry of 
orders for nonformulary agents. Formulary 
nonadherence (defined as the proportion 
of pharmacist-verified nonformulary orders 
to total verified orders) within eight medica-
tion classes was assessed during a six-month 
baseline period and two consecutive six-
month periods after implementation.
Results. In the 12 months after implemen-
tation of the therapeutic interchange alerts, 
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the overall rate of formulary nonadherence 
decreased by 65%, from 3.5% at base-
line to 1.2% during the second 6-month  
postintervention period (p < 0.001). The 
total number of verified nonformulary or-
ders decreased from 300 at baseline to 102 
during the second postintervention period. 
The largest decreases in formulary nonad-
herence were observed in the intranasal 
steroid drug class (the rate of nonadherent 
orders declined by a total of 12 percentage 
points) and the nonbarbiturate sedatives 
and hypnotics class (a 5-point decline), 
with significant 6- and 12-month declines 
also documented in four of the remaining 
six drug classes. 
Conclusion. The incorporation of hard-
stop CDS alerts into the CPOE system 
improved the overall rate of prescriber 
adherence to institutional therapeutic in-
terchange protocols.
Am J Health-Syst Pharm. 2015; 72:408-13

Drug formularies are maintained 
by many hospitals worldwide 
and are viewed as an important 

tool to guide prescribers in choosing 
the safest, most cost-effective agents 
for treating medical problems.1 It 
is generally accepted that having 
fewer drugs on formulary leads to 
increased efficiency and improved 
medication safety.2 In addition, each 
therapy initiation with a nonformu-
lary drug is a deviation from normal 
workflow, with potential medication 
safety and efficiency implications.3,4 
Consequently, the University of 
California San Diego Health System 
(UCSDHS) has implemented a com-
prehensive formulary management 
system consisting of monitoring of 
nonformulary medication use and 
review of formulary medication use 
annually. Using dashboards, system-
atic trends in nonformulary prescrib-
ing are detected early and reported 
to the pharmacy and therapeutics 
(P&T) committee semiannually. Ad-
ditional details of this system were 
described elsewhere.3 

Therapeutic interchange is widely 
used to limit the number of drugs 
on formulary and is defined as the 
dispensing of a drug that is thera-
peutically equivalent but chemically 

different from the drug originally 
prescribed.5 In many hospitals, in-
cluding UCSDHS, therapeutic inter-
change protocols allow a pharmacist 
to automatically substitute the pre-
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ferred agent without having to contact 
the prescriber; this is the least labor-
intensive method for pharmacists 
to manage nonformulary drug re-
quests.3,6 Therefore, the prescribing of 
nonformulary medications for which 
P&T committee–approved therapeu-
tic interchange protocols exist should 
be particularly discouraged. 

The application of clinical deci-
sion support (CDS) within com-
puterized prescriber order-entry 
(CPOE) systems can improve formu-
lary adherence.7,8

A CDS system is defined as “any 
electronic system designed to aid 
directly in clinical decision making, 
in which characteristics of individual 
patients are used to generate patient 
specific assessments or recommen-
dations that are then presented to 
clinicians for consideration.”9 CDS 
can guide physicians to the appropri-
ate alternative when a therapeuti-
cally interchangeable medication is 
prescribed. Successful guidance is 
dependent on two factors: provid-
ing clearly written “to-the-point” 
guidelines, with links to additional 
information; and offering a non-
controversial prescribing alternative 
within the alert window.10-15 A recent 
review investigating the features of 
effective CDS systems concluded that 
systems requiring the practitioner 
to give a reason for an alert override 
were more likely to succeed than 
those lacking that feature.16 Factors 
associated with poor adherence to 
CDS guidance include the lack of an 
offered prescribing alternative and 
strong provider beliefs about a medi-
cation, even if those beliefs are not 
necessarily supported by the avail-
able evidence.8

In February 2011, UCSDHS im-
plemented an enterprisewide elec-
tronic medical record (EMR) that 
includes a CPOE system with CDS 
functionality (Epic, version 2010, 
IU4; Epic Systems Corporation, 
Verona, WI). One of the features is 
a pop-up window listing the rec-
ommended alternative agent and 

equivalent dosing information when 
a therapeutically interchanged drug 
is ordered. The study described here 
evaluated formulary adherence for 
eight therapeutic classes before and 
after the implementation of decision 
support at the point of prescribing to 
facilitate therapeutic interchange. 

Methods
Setting. The research involved a 

retrospective before–after observa-
tional study conducted at UCSDHS, 
a 511-bed academic medical cen-
ter consisting of two locations. 
UCSDHS has achieved the high-
est stage of EMR adoption, which 
includes an enterprisewide EMR, 
CPOE, and barcode-assisted medica-
tion administration.17 The medical 
center includes a level 1 trauma cen-
ter, a level 3 neonatal intensive care 
unit, and most medical specialties 
other than pediatrics. All inpatient 
areas of the medical center were 
included in this study except for the 
emergency department, as the EMR 
had not been implemented in that 
department at the time of the study. 

Intervention.  Nonformulary 
medications in the following thera-
peutically interchanged drug classes 
accounted for 30% of nonformulary 
medication initiations during the 
preintervention period and were 
included in the study: intranasal  
steroids, nonbarbiturate sedatives 
and hypnotics, proton pump inhibi-
tors (PPIs), histamine H

2
-receptor 

antagonists, respiratory inhalant 
combinations, sympathomimetic 
bronchodilators, systemic fluoro-
quinolones, and peripherally acting 
antiadrenergic agents. Information 
on nonformulary agents in these 
drug classes, as well as formulary 
alternatives and baseline formulary 
adherence, is presented in Table 1. 
For all nonformulary medications in 
each class, a therapeutic interchange 
alert directing the prescriber to the 
appropriate formulary item and cor-
responding dose was built (Figure 1). 
The alert was obtrusive (a pop-up 

window at the time of ordering) 
and configured as a hard stop; if 
a prescriber specifically wished to 
proceed with the original order, 
a phone call to the pharmacist to 
provide justification was required. 
If such a request was approved, the 
pharmacist entered the nonfor-
mulary order and documented the 
reason for approval.

Data analysis. Prescribing data 
from July–December 2010 constituted 
the preintervention data. The EMR 
was implemented in February 2011. 
To assess the initial and long-term 
effects of the therapeutic interchange 
alerts, postintervention data were 
collected during two six-month 
periods: March–August 2011 (im-
mediately after the intervention 
was implemented) and September 
2011–February 2012. Nonadherence 
was expressed in relation to the pre-
scribing of other agents in the same 
drug class. For example, nonadher-
ence to PPI therapeutic interchange 
protocols was calculated by dividing 
the number of pharmacist-verified 
nonformulary PPI orders by the total 
number of pharmacist-verified PPI 
orders.

Formulary nonadherence during 
each six-month period was com-
pared with nonadherence during the 
preintervention period. Data were 
entered into spreadsheets (Excel 2010, 
Microsoft Corporation, Redmond, 
WA) for initial analysis and sum-
mary statistics. NCSS 2007, version 
07.1.20 (NCSS Statistical Software, 
Kaysville, UT) was used for statistical 
tests. Chi-square analysis was used to 
compare formulary nonadherence 
before and after the intervention. The 
a priori level of significance was 0.05. 

Results
Data on the therapeutically inter-

changed drugs are listed in Table 1 
in order of highest to lowest baseline 
nonadherence, which varied from 
13.3% for the intranasal steroid class 
to only 0.6% for the H

2
-antagonist 

class. Formulary nonadherence and 
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number of nonformulary initiations 
before and after implementation of 
therapeutic interchange alerts are 
shown in Figure 2. For seven of the 
eight evaluated drug classes, formu-
lary nonadherence decreased during 
the first postintervention period, 
and the effect persisted during the 
second postintervention period; for 
the remaining class (the peripherally 
acting antiadrenergics), nonadher-
ence increased during the first post-
intervention period (24 of 408 orders 
[5.9%] were nonadherent) and 
decreased sharply during the second 
postintervention period (7 of 476 

Table 1.
Medications Targeted for Therapeutic Interchange Enforcement 
at UCSDHSa

Drug Class (Route)

Interchanged 
Nonformulary 
Medications

Formulary 
Alternative

Baseline 
Formulary 

Nonadherenceb

Intranasal steroids 
(nasal inhalation)

Nonbarbiturate 
sedatives and 
hypnotics (oral)

Antiadrenergic 
agents, 
peripherally acting 
(oral)

Proton pump 
inhibitors (oral)

Fluoroquinolones, 
systemic (oral)

Sympathomimetic 
bronchodilators 
(inhalation)

Respiratory inhalant 
combinations 
(inhalation)

Histamine H2-
receptor 
antagonists (oral)

Beclomethasone
Budesonide 
Flunisolide 
Furoate
Mometasone
Triamcinolone
Eszopiclone
Zolpidem CR

Alfuzosin 

Dexlansoprazole 
Esomeprazole
Omeprazole
Pantoprazole
Rabeprazole
Levofloxacin

Levalbuterol

Budesonide–
formoterol

Cimetidine
Nizatidine
Ranitidine

Fluticasone

Zolpidem

Tamsulosin

Lansoprazole

Moxifloxacin

Albuterol

Fluticasone–
salmeterol

Famotidine

41/308 (13.3)

81/1225 (6.6)

17/423 (4.0)

92/2499 (3.7)

16/441 (3.6)

27/988 (2.7) 

12/458 (2.6)

14/2472 (0.6)

aUCSDHS = University of California San Diego Health System.
bFraction (%) of total verified orders in class that were nonadherent during preintervention period.

orders [1.5%] were nonadherent). 
Upon investigation of this outlier 
trend, we found that no therapeutic 
interchange alert for peripherally 
acting antiadrenergics had been in 
force during the first postinterven-
tion period. During the second pos-
tintervention period, the alert was 
in place, and a decrease in formulary 
nonadherence of 3% was observed in 
this drug class (p = 0.018). 

The largest decrease from baseline 
in formulary nonadherence was in 
the intranasal steroid drug class (de-
clines of 11 and 12 percentage points 
in the first and second postinterven-

tion periods, respectively), with the 
next largest decrease observed in the 
nonbarbiturate sedatives and hyp-
notics class (a decline of 5 percentage 
points that persisted during both 
periods). PPIs remained the most 
frequently ordered therapeutically 
interchanged nonformulary medica-
tions during both time periods (26 
and 41 orders during the first and 
second postintervention periods, 
respectively). Overall, formulary 
nonadherence in the eight thera-
peutically interchanged drug classes 
decreased by 65%, from a mean of 
3.5% at baseline to means of 1.3% 
and 1.2% during the first and second 
post intervention periods, respective-
ly (p < 0.001). Total nonformulary 
orders decreased from 300 at baseline 
to 96 in the first postintervention 
period and 102 in the second postin-
tervention period.

Discussion
Formulary nonadherence de-

creased in most drug classes after im-
plementation of formulary decision 
support at the point of prescribing. 
The only exceptions were the his-
tamine H

2
-receptor antagonist and 

fluoroquinolone drug classes, where 
we found no significant change in 
formulary nonadherence. The effect 
was most pronounced for the in-
tranasal steroid and nonbarbiturate 
sedative drug classes, where baseline 
nonadherence rates were relatively 
high (13.3% and 6.6%, respectively); 
this was likely because those classes 
represented the areas of greatest op-
portunity for improvement. Overall, 
baseline nonadherence to thera-
peutic interchange alerts was very 
low at UCSDHS. It is likely that the 
continuous focus on nonformu-
lary prescribing at the institution 
increased pharmacist awareness 
of therapeutic interchange proto-
cols. However, a reactive approach 
through which a pharmacist corrects 
an order for a therapeutically inter-
changed medication is less efficient 
than the prescriber entering a cor-
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rect order initially. In addition, 
if a pharmacist fails to correct an 
order for a therapeutically inter-
changed medication, the reactive 
approach could have medication 
safety implications: therapeuti-
cally interchanged medications 
are typically not available on the 
patient floor, which could result in 
a delay of therapy. These risks are 
prevented by facilitating the selec-
tion of the appropriate alternative 
by the physician at the time of 
prescribing.

Figure 1. Screenshot of a therapeutic interchange alert triggered by an order for the proton pump inhibitor esomeprazole. The alert 
pop-up window displays equivalent dosing for each member of the drug class. After selecting the appropriate alternative, the prescriber 
can proceed with the alternative order with one click. When therapeutic interchange protocols exist, the button “Continue With Original 
Order” is not available for selection by prescribers but can be selected by pharmacists.

The study had several limitations. 
First, it was an observational study in 
which the effect on prescribing prac-
tices of implementing an enterprise-
wide EMR that included formulary 
decision support was followed over 
time. The observed effect could be 
the result of factors not directly re-
lated to the therapeutic interchange 
alert intervention. One such factor 
could be the increased focus on pre-
scribing workflow as a result of EMR 
training sessions for pharmacists 
and prescribers; however, this is un-

likely, as we unintentionally included 
a negative control in our study (the 
therapeutic interchange alert for the 
antiadrenergic class was not imple-
mented until the second intervention 
period). This drug class was the only 
drug class where initially an increase 
in formulary nonadherence was 
observed and nonadherence subse-
quently decreased after the alert was 
implemented. Changes in prescribing 
behavior as a result of new guidelines 
or safety warnings could also be a 
factor. This could explain the modest 
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Figure 2. Formulary nonadherence before and after implementation of therapeutic interchange decision support. An asterisk indicates 
a significant change (p < 0.05) from the preintervention period.
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increase in nonadherence observed in 
the PPI drug class (from 1% to 1.5%) 
during the second postinterven-
tion period, as reports of a possible 
drug–drug interaction involving the 
formulary agent lansoprazole and 
clopidogrel were published around 
that time; however, this is unlikely, 
as pharmacists entered “drug inter-
action with formulary alternative” 
only once as the reason for allowing 
nonformulary PPI use. 

Second, we did not measure 
clinical outcomes such as adverse 

events or medication errors as a 
result of therapeutic interchange, 
which could be viewed as a limita-
tion. These consequences should 
be the subject of further research. 
However, we focused in this study 
on improving adherence to thera-
peutic interchange protocols, as this 
is common practice in hospitals na-
tionally and internationally.5 

Our results are in line with those 
of other studies of inpatient formu-
lary decision support implementa-
tions. Teich et al.8 demonstrated an 

impressive increase from 12% to 
95% in the prescribing of the pre-
ferred H

2
-receptor antagonist over 

an eight-week period, an effect that 
persisted at one- and two-year follow-
up assessments. However, most 
studies reporting the effect of CDS 
on outcomes are done with locally 
developed (“homegrown”) systems 
implemented and expanded over 
many years.7,8 This is considered a 
major barrier to CDS system imple-
mentation.18,19 To our knowledge, 
this is the first study reporting the 
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effect of formulary decision support 
included in a commercially available 
EMR that has been widely adopted 
by many hospitals in the United 
States and abroad. Our approach 
can be used by other institutions us-
ing EMRs with the same or similar 
decision support functionality to 
improve and monitor formulary 
nonadherence without the need to 
develop or purchase additional deci-
sion support tools.

Conclusion
The incorporation of hard-stop 

CDS alerts into the CPOE system im-
proved the overall rate of prescriber 
adherence to institutional therapeu-
tic interchange protocols.

References
1. Hawkins B. Principles of a sound drug 

formulary system [consensus state-
ment endorsed by ASHP]. www.ashp.
org/DocLibrary/BestPractices/FormEnd 
Principles.asp(accessed 2013 Mar 7).

2. Tyler LS, Millares M, Wilson AL et al. 
ASHP statement on the pharmacy and 
therapeutics committee and the formu-
lary system. Am J Health-Syst Pharm. 
2008; 65:2384-6.

3. Helmons PJ, Kosterink JG, Daniels CE. 
Systematic formulary management com-

bined with a pharmacy labor cost analysis 
augments formulary compliance. Am J 
Health-Syst Pharm. 2014; 71:407-15.

4. Pummer TL, Shalaby KM, Erush SC. Or-
dering off the menu: assessing compliance 
with a nonformulary medication policy. 
Ann Pharmacother. 2009; 43:1251-7.

5. Gray T, Bertch K, Galt K et al. Guidelines 
for therapeutic interchange—2004. Phar-
macotherapy. 2005; 25:1666-80.

6. Sweet BV, Stevenson JG. Pharmacy costs 
associated with nonformulary drug re-
quests. Am J Health-Syst Pharm. 2001; 
58:1746-52.

7. Kuperman GJ, Bobb A, Payne TH et 
al. Medication-related clinical decision 
support in computerized provider order 
entry systems: a review. J Am Med Inform 
Assoc. 2007; 14:29-40.

8. Teich JM, Merchia PR, Schmiz JL et al. 
Effects of computerized physician order 
entry on prescribing practices. Arch 
Intern Med. 2000; 160:2741-7.

9. Kawamoto K, Houlihan CA, Balas EA et 
al. Improving clinical practice using clini-
cal decision support systems: a systematic 
review of trials to identify features critical 
to success. BMJ. 2005; 330:765.

10. Kuilboer MM, van Wijk MA, Mosseveld 
M et al. Asthmacritic: issues in designing 
a noninquisitive critiquing system for 
daily practice. J Am Med Inform Assoc. 
2003; 10:419-24.

11. Van der Sijs H, Aarts J, Vulto A et al. Over-
riding of drug safety alerts in computer-
ized physician order entry. J Am Med 
Inform Assoc. 2006; 13:138-47.

12. Van der Sijs H, Aarts J, van Gelder T et al. 
Turning off frequently overridden drug 

alerts: limited opportunities for doing 
it safely. J Am Med Inform Assoc. 2008; 
15:439-48.

13. Feldstein A, Simon SR, Schneider J et al. 
How to design computerized alerts to safe 
prescribing practices. Jt Comm J Qual Saf. 
2004; 30:602-13.

14. Sittig DF, Krall MA, Dykstra RH et al. A 
survey of factors affecting clinician accep-
tance of clinical decision support. BMC 
Med Inform Decis Mak. 2006; 6:6.

15. Horsky J, Schiff GD, Johnston D et al. 
Interface design principles for usable 
decision support: a targeted review of 
best practices for clinical prescribing 
interventions. J Biomed Inform. 2012; 
45:1202-16.

16. Roshanov PS, Fernandes N, Wilczynski 
JM et al. Features of effective comput-
erised clinical decision support systems: 
meta-regression of 162 randomised trials. 
BMJ. 2013; 346:f657.

17. HIMSS Analytics. EMR adoption model. 
www.himssanalytics.org/home/index.
aspx (accessed 2013 Jun 7).

18. Das M, Eichner J, for the Agency for 
Healthcare Research and Quality. Chal-
lenges and barriers to clinical decision 
support (CDS) design and implemen-
tation experienced in the Agency for 
Healthcare Research and Quality CDS 
demonstrations (March 2010). http://
healthit.ahrq.gov/sites/default/files/docs/
page/CDS_challenges_and_barriers.pdf 
(accessed 2014 Nov 20).

19. Osheroff JA, Teich JM, Middleton B et al. 
A roadmap for national action on clinical 
decision support. J Am Med Inform Assoc. 
2007; 14:141-5.

D
ow

nloaded from
 https://academ

ic.oup.com
/ajhp/article-abstract/72/5/408/5111467 by R

ijksuniversiteit G
roningen user on 23 M

ay 2019


