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Abstract
Background: Acid suppression therapy (AST) is routinely used in critically ill patients to prevent stress-related mucosal bleeding
(SRMB).
Objective: Our objective was to determine the impact of a structured educational intervention on AST used for prevention of SRMB on
appropriateness of AST.
Methods: A single-center, retrospective, cohort study of appropriate use of AST in critically ill patients admitted to the medical
intensive care unit (ICU) at an academic medical center between January to June of 2014 (no intervention) and January to June of 2015
(intervention) was conducted. The percentage of patients prescribed inappropriate AST, inappropriate AST at ICU transfer and hospital
discharge, doses of inappropriate AST, and adverse effects associated with AST use were compared between periods using chi-square
tests.
Results: Patients in the intervention group (n=118) were 5 years older than patients in the no intervention group (n=101). AST was
inappropriately initiated more frequently in the no intervention group (23% vs. 11%, p=0.012). Continuation of inappropriate AST at
ICU transfer and hospital discharge was similar between groups (60% vs. 53%, p=0.277 and 18% vs. 14%, p=0.368, respectively).
Conclusion: Patients had appropriate AST initiated and inappropriate AST withheld more frequently when formal education was
provided. This low-cost intervention strategy can be implemented easily at institutions where pharmacists interact with physicians on
rounding services and should be evaluated in institutions where interactions between pharmacists and physicians occur more
frequently in non-rounding situations.
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Stress ulcer prophylaxis (SUP) is routinely used in critically
ill patients to prevent stress-related mucosal bleeding
(SRMB) because of hypo-perfusion to mucosal cells and
impaired mucosal repair mechanisms.1 Estimates of the
incidence of gastrointestinal bleeding (GIB) range from
0.1% to 31%, but most studies conclude that less than 6%
of critically ill patients will develop GIB during their
hospitalization.2-5 Over the last few decades the incidence
of SRMB has decreased, likely because of advancements in
supportive care practices provided to critically ill patients,
such as improvements in recognizing, preventing, and
treating sepsis, shock, and nutrition deficiencies.6-8
Acid suppression therapies (AST) are consistently effective
in preventing SRMB in the majority of patients; however,
these therapies are not benign. Multiple large trials and
meta-analyses have found an increased risk of both
community and nosocomial pneumonia in patients on
AST.8-10 Patients on AST have also been found to have more
cases of Clostridium difficile infection (CDI).11,12 These risks
highlight the importance of reserving AST for patients with
an appreciable risk of SRMB. Major risks factors for SRMB
include mechanical ventilation for greater than 48 hours
and severe coagulopathy.13 The most commonly used
agents for SUP are proton pump inhibitors (PPI) and
histamine2-receptor antagonists (H2RA).14
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Up to 70% of patients receiving AST do not have an
appropriate indication.15-18 The Society of Hospital
Medicine has prioritized decreasing the inappropriate use
of AST by including it as one of five opportunities to
improve health care as part of the American Board of
Internal Medicine’s Choosing Wisely Campaign.19 The
economic burden of both the direct cost of the medications
as well as the indirect costs arising from adverse effects is
significant. A recent evaluation of appropriateness of AST at
a hospital in Belgium determined that avoiding
inappropriate initiation of AST during the hospital stay for
non-critically ill patients could lead to a saving of 3,805 EUR
(4,224 USD) during hospitalization plus an additional 17,441
EUR (19,360 USD) per month after hospital discharge.20 If
these data were extrapolated to other hospitals across the
world, the cost of inappropriate AST would be
considerable. When choosing AST in patients who possess
an appropriate indication, either a PPI or a H2RA are viable
options. Recently, however, H2RAs have been shown to be
more cost-effective than PPIs in critically ill patients due to
reduced rates of pneumonia and CDI and comparable or
reduced rates of SRMB.21-23
Unfortunately, many patients are also being discharged
inappropriately on AST, leading to unnecessary costs to the
patient and health care system and risks to the patient
despite minimal or no therapeutic benefit.20,24-31 Hospitals
should consider emphasizing appropriate identification of
patients who may benefit from AST, use of the most costeffective therapies, and efforts to reduce the incidence of
patients being discharged on AST when not indicated and
the associated risks. In the intensive care unit (ICU) in
particular, pharmacists often are members of the primary
care team; however, the impact of pharmacists providing
consistent education to other health care providers on the
appropriateness of AST is unknown. This study was
performed to determine the impact of a structured
educational intervention on AST used for prevention of
SRMB on appropriateness of AST.
METHODS
Study Design
This was a single-center, retrospective, cohort study of
appropriate use of AST in critically ill patients admitted to
the medical ICU at an academic medical center between
January to June of 2014 (no intervention period) and
January to June of 2015 (intervention period). The
University of Arkansas for Medical Sciences institutional
review board approved this study (#203820). All patients
admitted to the medical ICU for the first time during that
hospitalization, who were at least 18 years of age, and who
had an order for AST were considered for inclusion.
Patients were excluded if they possessed a current
diagnosis of GIB, were on AST prior to admission to the ICU
(either from home or from another health care setting), or
had a history of Zöllinger-Ellison syndrome. During this
study period, the ICU team made the decisions to initiate or
discontinuation AST, pharmacists did not have prescriptive
authority, and AST was not available to order directly from
an ICU admission order set.

Beginning in January 2015, a clinical pharmacist provided
medical residents and pulmonary/critical care fellows with
an educational intervention lasting approximately 5
minutes on guideline-recommended AST for SUP, supplied
a pocket card on SUP initiation and choice of agent that had
been developed by a multidisciplinary team, and answered
questions related to AST for SUP. A clinical pharmacist
rounded with the medical ICU treatment team during both
study periods; however, no formal intervention of this
nature was performed in the no intervention period.
Appropriate SUP for a critically ill patient was defined as
meeting the requirements listed in the Online Appendix.
Patients who did not meet these criteria were considered
to have received inappropriate SUP. Appropriateness was
assessed at the time of AST initiation and at the time of
transfer from the ICU. Patients continuing therapy when
transferred to a non-ICU setting and after discharge were
considered to be appropriately prescribed AST if any of the
following criteria were met: (1) documentation of a new
diagnosis during their hospital stay requiring treatment,
such as gastroesophageal reflux disease or peptic ulcer
disease; (2) receiving AST prior to admission to the ICU; (3)
documentation of need to continue mechanical ventilation
at a skilled nursing facility; (4) or a coagulopathy with
specific recommendation by a physician for continued AST.
Because a multitude of factors and patient characteristics
could impact the duration of SUP, only the initial AST agent
ordered for a patient was considered when evaluating
appropriateness of AST.
Statistical Analysis
The primary outcome was the percentage of patients
prescribed inappropriate SUP in a medical ICU before and
after targeted educational interventions combined with
multidisciplinary endorsement and distribution of a SUP
pocket card. Secondary outcomes were inappropriate AST
at ICU transfer and hospital discharge, number of
inappropriate AST doses provided, adverse effects
associated with AST (pneumonia and CDI, as defined by first
mention in the medical record after at least one dose of an
AST agent), and ineffectiveness of AST (SRMB, as defined by
first mention in the medical record after at least one dose
of an AST agent). For continuous variables, two-sample
Wilcoxon rank-sum (Mann-Whitney) tests were used.
Nominal variables were compared using chi-square or
Fisher exact tests, as appropriate. A significance level of
0.05 was used for all statistical analyses. In order to detect
a significant difference in the primary outcome with 95%
confidence, 80% power, and an expected 10% of patients in
the intervention group and 25% of patients in the no
intervention group receiving inappropriate AST, 97 patients
were needed in each group. All analyses were conducted
using SAS version 9.3 (Cary, NC).
RESULTS
A total of 574 patients were evaluated, of which 101 of the
291 evaluated patients in the no intervention group and
118 of the 283 evaluated patients in the intervention group
met the inclusion criteria. Patients in the intervention
group were 5 years older at baseline. Hospital and ICU
length of stay as well as choice of agent for AST were
similar between groups. Mechanical ventilation was the
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Table 1. Baseline and clinical characteristics
Age (years) mean (SD)
Length of stay (days) mean (SD)

No Intervention (n=101)
51.07 (4.52)

Intervention (n=118)
56.24 (18.35)

P-value
0.034

4.52 (4.92)
14.42 (13.52)

4.85 (4.8)
11.85 (10.92)

0.625
0.122

52 (51%)
5 (5%)
28 (28%)
25 (25%

61 (52%)
10 (8%)
50 (42%)
18 (15%)

0.975
0.423
0.024
0.078

ICU
Hospital
Indication for SUP, n (%)
Mechanical ventilation
Severe coagulopathy
2+ minor indications
None
Initial AST, n (%)

H2RA
64 (63%)
68 (58%)
0.387
PPI
36 (36%)
45 (38%)
0.703
None
1 (1%)
5 (4%)
0.221
AST: acid suppression therapy; H2RA: histamine-2 receptor antagonist; ICU: intensive care unit; PPI: proton pump
inhibitor; SUP: stress ulcer prophylaxis

most common indication for SUP in both groups. The
intervention group had more patients on AST due to the
presence of two or more minor indications (Table 1).
AST was inappropriately initiated more frequently in the no
intervention group (23% vs. 11%, p=0.012). Continuation of
inappropriate AST at ICU transfer and hospital discharge
was similar between groups (60% vs. 53%, p=0.277 and
18% vs. 14%, p=0.368, respectively). No significant
differences were found in the number of inappropriate AST
doses between the no intervention and intervention groups
(4.426 doses vs. 3.015 doses, p=0.128). Adverse events
occurred infrequently in both groups (Table 2).
DISCUSSION
Inappropriate AST use is common across all patient settings
in health care.15-18 AST was prescribed inappropriately in
ICU and non-ICU hospital settings in this study. During the
time period when house staff received formal education on
appropriate prescribing of SUP, inappropriate AST was
initiated less frequently in the ICU. However, rates of
inappropriately continued AST when patients transferred to
a non-ICU setting within the hospital and at hospital
discharge did not change during the intervention period.
Discussions with medical residents during patient care
rounds prior to the formal intervention period allowed us
to identify two main factors leading to a lack of adherence
to appropriate AST prescribing. First, many of the medical
residents appeared to be unfamiliar with the nuances of
the SUP guidelines and new literature outlining indications
and choice of SUP agent. Second, consistent education on
AST use may not have been provided in all settings where
medical residents rounded in our institution, likely owing to
the initiative for proper use of AST not being coordinated

by any single health care profession prior to this initiative.
This formal intervention sought to resolve both of these
factors; however, gaps in the educational process and
transition of care points were identified as deterrents to
sustained appropriate use of AST throughout each patient’s
hospitalization and upon hospital discharge.
Inappropriate AST continuation at ICU transfer and hospital
discharge was not reduced in the intervention group. Other
studies demonstrated similar findings, also suggesting the
continued need to discover and implement solutions to
discharge patients without inappropriately prescribed
AST.24-27 Several studies did find a decreased rate of
inappropriate AST at hospital discharge in their postintervention groups.28-30 Buckley and colleagues observed a
significant decrease in patients inappropriately discharged
on AST from the ICU (29.9% to 3.6%, p<0.001) and non-ICU
(36.2% to 5.4%, p<0.001) settings. At this institution,
pharmacists were allowed to discontinue any AST that
lacked an appropriate indication pursuant to a protocol.28
Another effective strategy was to use a pharmacistdirected medication reconciliation program at discharge
from the hospital.29 Currently, pharmacists do not provide
this service at our institution. Implementing this valueadded service could reduce rates of inappropriate AST
discharge
prescriptions.
However,
initiation
of
inappropriate AST at the time of transfer from the ICU to a
non-ICU setting would require a separate intervention.
Reviewing the ICU transfer summary for medications
without an appropriate indication is one method that could
prove beneficial.32
If education were provided to medical residents from
sources other than the formal educational interventions,
these likely occurred regardless of study period.
Pharmacists are not present in the ICU overnight or on the

Table 2. Outcomes obtained in both groups
No Intervention (n=101)
Intervention (n=118)
AST inappropriately initiated, n (%)
24 (23%)
15 (11%)
AST inappropriately continued at ICU transfer, n (%)
61 (60%)
63 (53%)
AST inappropriately continued at hospital discharge, n (%)
18 (18%)
16 (14%)
Doses of inappropriate AST, n*
4.4
3.1
Adverse effect due to AST, n (%)
SRMB, n (%)
1 (1%)
0
Pneumonia, n (%)
5 (5%)
6 (5%)
Clostridium difficile, n (%)
0
0
AST: acid suppression therapy; ICU: intensive care unit; SRMB: stress-related mucosal bleeding.
*mean
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weekends, which are two times where a reduced presence
of house staff in the hospital may affect prescribing
practices.33,34 Additionally, a complete past medical history
can be difficult to obtain for patients in an ICU setting,
which may affect the rate of home medications for AST that
are undocumented in a patient’s chart, regardless of
whether the patient had a previous diagnosis warranting
AST or the study period.
For programs considering a similar educational
intervention, the resources utilized in preparation and
maintenance of the program were manageable and similar
to other low-cost, pharmacist-provided educational
intervention programs.35,36 Educational materials were
developed using extensive literature search and evaluation,
which has been conducted already. The most accurate and
relevant information was then used to make pocketsize,
laminated cards that were easily distributable. Education
on the materials was provided individually and in small
group sessions with residents during the first few days of
their ICU service, which is achievable if the pharmacist has
a close relationship with physicians through a consult or
rounding service. Due to scheduling constraints, some
residents that worked night shifts during their first week in
the ICU did not receive the education; this might have
impacted the prescribing habits in the intervention arm.
The total time spent preparing and providing education to
the residents totaled approximately six hours over the sixmonth formal intervention period.
We plan to implement future changes within the hospital
to further improve the appropriate use of AST.
Implementation of the initiative hospital-wide could
potentially
decrease
the
number
of
patients
inappropriately prescribed AST in non-ICU settings and at
hospital discharge significantly. Additionally, by providing
education at new resident orientation on appropriate AST
indications in the hospital and the risks of unnecessary AST
use, more patients throughout the hospital could be
affected. Integrating the information on appropriate AST
prescribing into the computerized physician order entry
system could increase the likelihood that patients without a
need for AST do not inappropriately receive therapy.
Finally, we feel that pharmacist involvement in discharge
medication reconciliation and facilitating a successful
transition of care from the inpatient to the outpatient
setting could significantly decrease the number of patients
inappropriately continued on AST at discharge and improve
follow-up for these patients if AST is inappropriately
continued.

Our study had important limitations. The study took place
in one medical ICU at a single academic medical center,
which may provide results that do not perfectly extrapolate
to other institutions. Additionally, because of the
retrospective nature of the study, there may have been
other reasons for the results in the post-intervention group
that were unrelated to the intervention that were unable
to be observed or controlled for in the analysis. Possibly
inaccurate or incomplete medication reconciliation at the
time of ICU admission may have obscured the patients who
already were on AST prior to admission and falsely elevated
the incidence of inappropriate AST during the ICU stay. We
also had no way to determine if patients developed an
adverse effect, such as pneumonia or CDI soon after
hospital discharge and likely underestimated the true
incidence of these adverse events. At our institution, the
medical residents who provided care for patients not
admitted to the ICU had not received the educational
interventions, which may have affected the rate of
inappropriately utilized and continued AST after patients
were transferred from the ICU. Our institution also has
non-resident services, which would not have been affected
by the intervention. Implementing education more broadly
in our hospital could potentially reduce the incidence
further. Despite these limitations, this study suggests
positive effects of a pharmacist-led educational
intervention on several aspects of appropriate AST use.
CONCLUSIONS
In a pre-post study of patients in a medical ICU before and
after a formal educational intervention on appropriate use
of AST was implemented, patients had appropriate AST
initiated more frequently in the formal educational
intervention period. This low-cost intervention strategy can
be implemented easily at institutions where pharmacists
interact with physicians on rounding services and should be
evaluated in institutions where interactions between
pharmacists and physicians occur more frequently in nonrounding situations.
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