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TO THE EDITOR

Proton pump inhibitors (PPIs) are highly effective in treating gastric acid-related disorders
but are often overused.! Intravenous (IV) PPIs are expensive compared to oral PPIs and have
few absolute indications; over half of hospitalized patients prescribed 1V PPIs could instead
receive oral PPIs.2 Health information technologies have the potential to improve physician
ordering of medications, but have not been applied to IV PPIs.3

METHODS

On October 21, 2011, our institution introduced an alert that was triggered by all 1V PPI
orders, excluding continuous infusion PPIs. Esomeprazole is our institution’s only formulary
PPI. The alert explains that oral PPIs cost one-tenth as much as IV PPlIs, yet are 90%
bioavailable (Supplementary Figure). Provider response to the alert was automatically
captured. Our primary outcome was a change in the proportion of all PPIs given
intravenously during one year before the alert compared to one year after the alert, assessed
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retrospectively using an interrupted time series analysis.# There were no other interventions
related to PPI ordering during the study period. Multivariable logistical regression modeling
was performed to assess predictors of an IV compared to oral PPI order, stratified by alert
period. To characterize orders in terms of indications, we randomly selected 50 charts from
before and 50 charts from after alert implementation, and classified IV PPl orders as
indicated or not indicated based on criteria derived from current guidelines.

During the two year study period there were 65,078 completed orders for PPIs, including
10,050 (30.0%) orders for IV PPIs before alert implementation and 7,247 (23.0%) orders for
IV PPIs after implementation (chi-squared p < 0.001), representing a 7.0% absolute and
23.4% relative reduction in the proportion of PPIs given intravenously (Figure). During the
year before the alert, the proportion of PPIs ordered intravenously decreased an average of
0.7% monthly (p = 0.049). After adjusting for the trend in IV PPI use before the alert, the
proportion of PPIs given intravenously remained significantly decreased after
implementation of the alert (p < 0.001). Provider-level factors were significant predictors of
IV compared to oral route of PPl administration, including the presence of the PPI within an
order set (Table). There was a non-significant trend towards improved indication after
implementation of the alert (88.0% indicated after vs. 74.0% before; p = 0.074). Based on
the institutional cost differences between IV and oral PPIs and the observed reduction in IV
PPI orders during the year after the alert, we estimate a $450,692 annual decrease in
institutional costs related to IV PPI use.

DISCUSSION

Intravenous PPIs are frequently given in situations where oral PPIs would suffice. We found
that implementation of an electronic alert for IV PPI orders was associated with a 23%
relative decrease in the proportion of PPIs with 1V route of administration. This result was
significant after adjusting for the trend in the proportion of PPIs ordered intravenously
before implementation of the alert. The decrease in the proportion of PPIs ordered
intravenously was immediate, sustained, accompanied by an overall decrease in IV PPI
orders, and associated with significant cost savings. There was also a trend towards
improved indications for IV PPIs after the alert.

There is little prior data evaluating electronic interventions seeking to improve PPI use.® In
the outpatient setting, pharmacist-based electronic interventions may reduce overall PPI
use.® Inpatient studies have evaluated use of computerized decision support in changing IV
to oral medication orders, but have not targeted 1V PPIs.” Our findings suggest that, if
providers are educated to make a clearly defined change with a simple but focused alert, oral
PPIs will frequently be substituted for IV PPls. Provider-level factors were also an important
determinant of PPI route of administration. Compared to the medical service, the surgical or
obstetrics services were more likely to order IV versus oral PPIs. This was true both before
and after the alert, and after adjusting for patient diet status; however, this study was not
designed to address the reasons underlying these differences. Notably, presence of the IV
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PPI within an order set strongly predicted IV compared to oral PPI use both before and after
alert implementation.

Our study highlights the potential for electronic alerts to alter ordering behavior for IV PPIs.
Institutions seeking to decrease IV PPI use should consider removing IV PPIs from order
sets, and future studies should test whether additional targeted interventions using clinical
decision support systems can improve PPI overuse.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure. Proportion of proton pump inhibitors (PPIs) given intravenously before and after
implementation of an electronic alert, November 2010 — October 2012

Red line with triangles indicates the proportion of PPIs given intravenously before the alert
was implemented on October 21, 2011; blue line with squares indicates the proportion of
PPIs given intravenously after the alert.
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