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Aims: To promote effective methods to improve overutilization patterns of acid-
suppressive therapy in hospitalized patients and to evaluate the impact of multi-
disciplinary team efforts to reduce inappropriate use of stress ulcer prophylaxis in
low-risk patients.

Methods: A multidisciplinary quality improvement initiative incorporating education,
medication use reviews and reconciliation, and pharmaceutical intervention was
implemented in June 2018 for surgical patients hospitalized via emergency depart-
ment. For the pre-post analysis and time series analysis, patients admitted during
April and May were classified into the pre-intervention cohort and those admitted
during July and August into the post-intervention cohort.

Results: Three hundred and seventeen patients were included in this study (153 and
164 in the pre- and post-intervention cohorts, respectively). The multidisciplinary
program was effective in reducing overuse of stress ulcer prophylaxis and healthcare
expenses associated with it. Biweekly education on risk factors warranting stress
ulcer prophylaxis was provided for clinicians, and acid-suppressive therapy was
removed from a preset list of admission orders. The incidence of inappropriate pro-
phylaxis use declined substantially following intervention in overall patients
(OR = 0.51, P = 0.01) and a significant decrease was primarily observed among non-
ICU patients (OR = 0.50, P = 0.01). Interrupted time series analysis confirmed the sig-
nificant decline in inappropriate use post intervention (coefficient = —0.63,
P < 0.001). The total healthcare expenses associated with such overuse decreased by
58.5% from US$ 19.39 to US$ 8.04 per 100 patient-days.

Conclusions: Our multidisciplinary team efforts were associated with improvement in
stress ulcer prophylaxis overuse patterns, resulting in a substantial decrease in the inci-

dence of inappropriate use, especially in general wards, and associated healthcare costs.
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1 | INTRODUCTION

Stress ulceration or stress-related mucosal disease (SRMD) is charac-
terized as an acute erosive mucosal damage in the upper gastrointesti-
nal (Gl) tract in critically ill patients, commonly detected
endoscopically within 24 hours of intensive care unit (ICU) admission
in 75% of patients.’® The spectrum of clinical presentations ranges
from asymptomatic superficial lesions to clinically significant or overt
bleedings secondary to mucosal damage.? The prevalence of stress
ulceration is variable among studies depending on the definition, the
severity of illness, and the outcome parameters used in different clini-
cal settings. However, there is no doubt that clinically significant
bleeding induced by stress ulceration, although the incidence is rare,
remarkably increases morbidity, mortality and length of stay in ICU
patients.2*>

The incidence of stress ulcer has decreased notably in the past
two to three decades with advanced therapeutic monitoring and man-
agement of critically ill patients.2® Nevertheless, stress ulcer prophy-
laxis (SUP) with acid-suppressive therapy (AST), either with proton
pump inhibitors (PPIs) or histamine-2 receptor antagonists (H2RAs), is
inevitable in patients at high risk of bleeding.”® An updated guideline
published in 2006 identified strong independent risk factors for clini-
cally significant bleeding which require SUP: coagulopathy, respiratory
failure requiring mechanical ventilation for longer than 48 hours and
history of Gl bleeding or ulceration within the past year.’ Further-
more, SUP is recommended in patients with multiple risk factors, such
as major trauma, severe brain injury, spinal cord injury, multiple organ
failure, major burns associated with more than 25-30% of total body
surface area, major surgical procedures, etc.”®1° However, over-
utilization of SUP is frequently noticed in actual clinical practices, as
indicated by a high percentage of patients receiving AST without SUP
indications or continuing SUP after transition of care from the ICU to
a general ward.?*"> Moreover, 18-34% of discharged patients contin-
ued to be on SUP despite no medical indications.*

Although H2RAs or PPIs are considered safe and tolerable, over-
utilization of SUP has become a prominent issue in healthcare
because inappropriate AST use not only increases medical costs but
also puts patients at risk of developing drug-induced complications,
such as infections or malabsorption of nutrients.'®'” SUP over-
utilization is also a critical issue in Korea, where more than 50% of
non-ICU patients were prescribed with AST for SUP and continued
the treatment after discharge.® Thus, the aim of this study is to assess
inappropriate SUP use and evaluate the effectiveness of a multi-
disciplinary quality improvement initiative in preventing SUP over-

utilization in a single centre in Korea.

2 | METHODS

21 | Study design and cohorts

A multidisciplinary quality improvement initiative to promote appro-

priateness of SUP use for inpatients was first implemented in June

What is already known about this subject

e Acid suppressant-based stress ulcer prophylaxis has been
over-utilized in low-risk patients worldwide.

e Latest clinical practice guidelines provided specific indica-
tions warranting stress ulcer prophylaxis, which have
largely been underutilized in real-world practice.

e Medically important, albeit still controversial, adverse
drug events and drug interactions have been linked to

long-term use of acid suppressive therapy.

What this study adds

o Our multidisciplinary quality improvement initiative incor-
porating biweekly in-service education, medication use
review on daily rounds, pharmaceutical interventions and
medication reconciliation at care transition was effective
in reducing inappropriate use of stress ulcer prophylaxis
in hospitalized patients.

e Multidisciplinary collaboration not only provided cost-
saving opportunities for both hospitals and patients by
decreasing unnecessary use of stress ulcer prophylaxis in
low-risk patients but also lowered the risk of

unwarranted prolonged acid suppression, which may lead

to potential adverse events and drug interactions in

affected patients.

2018 by the Acute Care Surgery (ACS) team of Ajou University Medi-
cal Center. The team was composed of intensivists, acute care sur-
geons and physician assistants, along with an academic pharmacist
and faculty member of the study institution-affiliated college of phar-
macy. The initiative adopted a four-pronged strategy: biweekly in-
service education for clinicians on SUP indications per the latest
guidelines, prescription reviews and discussion on daily rounds, inter-
ventions when appropriate, and medication reconciliations at care
transition by the multidisciplinary team members. To evaluate the
improvement in SUP use patterns before and after the implementa-
tion of this multidisciplinary project as well as to investigate its clinical
and economic impact on medical costs and patient outcomes, a retro-
spective cohort study was designed. Eligible patients were categorized
into two cohorts: surgical patients admitted via emergency depart-
ment in April and May 2018 were designated as the pre-intervention
cohort and those admitted in July and August 2018 were designated
as the post-intervention cohort. The predetermined exclusion criteria
were as follows: (a) pre-existing conditions as summarized in Table S1
that require AST and (b) H2RAs or PPIs listed as home medication
prior to hospital admission. The protocol of this study was approved
by the Institutional Review Board of Ajou University Hospital (AJIRB-
MED-MDB-18-308). Informed consent from study participants was
waived as this project was initiated in the form of quality improve-
ment efforts within the ACS team and relevant patient data were col-

lected retrospectively and de-identified prior to data analyses. No
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further ethics approval was necessary because the investigators were
authorized by the study institution to assess patient data for research

purposes.

2.2 | Study outcomes

In this study, the appropriate use of SUP was defined when a PPl or a
H2RA was prescribed for those patients with at least one of the major
risk factors (coagulopathy, mechanical ventilation 248 hours and Gl
bleeding or ulceration within the past year prior to the current hospi-
tal encounter) or with multiple minor risk factors (sepsis, multiple
organ failure, hepatic failure, renal insufficiency, ICU stay >7 days,
hypotension or shock, organ transplantation, multiple trauma, burns
>25-30% of body surface area, major surgery, occult Gl bleed 26 days
and use of anticoagulants, corticosteroids, or nonsteroidal anti-
inflammatory drugs (NSAIDs)). The frequency of acid suppressant uti-
lization was assessed in all patients, and the appropriateness of SUP
was then evaluated in individual patients according to the latest
guidelines recommendations. The incidence and risk of inappropriate
SUP use were analysed in all patients during the pre- and post-
intervention periods, and the risk analysis was repeated after stratifi-
cation into two groups by the initial severity of their conditions
(non-ICU and ICU-admitted patients). Additionally, the incidence of
inappropriate SUP use per 100 patient-days was estimated and the
percentage change was determined by comparing SUP use patterns
before and after intervention. The total costs associated with inappro-
priate SUP use during the pre- and post-intervention periods as well
as the percentage difference between the two periods were also cal-
culated. The estimated total expenditure associated with inadequate
use of SUP was obtained based on the patient-specific regimen as
well as the individual price of the SUP agent prescribed. For example,
the total costs linked to a certain regimen were calculated by multiply-
ing the unit price of the agent by the number of doses per day and
the number of prescribed days. A US$-South Korean Won exchange
rate of 1161.1 was used to convert currencies. Additionally, inter-
rupted time series analysis was carried out using daily data of inappro-
priate SUP prescription to account for intervention-independent
trends in the use of SUP. With respect to the secondary outcomes,
not only incident Gl bleeding cases but also pneumonia and
Clostridium difficile-associated diarrhoea (CDAD) cases, the two most
controversial safety concerns potentially associated with prolonged
AST, were identified. The incidence rates in each outcome were com-
pared between the pre- and post-intervention study cohorts. Data on
length of ICU and hospital stays were also extracted and compared
between pre- and post-intervention periods as a part of the safety

assessments.

2.3 | Patient attributes and covariates

Patient demographic data plus prespecified covariates were age, sex,

ICU or non-ICU admission, and comorbidity status, along with
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concomitant use of pharmacologic therapies that may increase bleed-
ing risk (anticoagulants, steroids and NSAIDs). Charlson Comorbidity
Index (CCI) scores were calculated for individual patients at study
entry and the following pretreatment comorbidities were identified
per relevant International Classification of Disease, Tenth Revision
(ICD-10) codes: cardiovascular disease, diabetes, cerebral vascular

accident, renal disease, liver disease and dyslipidemia.

24 | Statistical analysis

Following the evaluation of appropriateness of SUP in individual
patients, we calculated incidence rates and odds ratios (ORs) along
with 95% confidence intervals (Cls) for inappropriate use of SUP by
comparing the post-intervention cohort against the pre-intervention
cohort (reference). We also performed multiple logistic regression
analysis to evaluate the impact of our intervention, with adjustment
for potential confounding variables at baseline. With regard to inter-
rupted time series analysis, the augmented Dickey-Fuller test was
used to test for stationarity of the time series data. To fit the daily
time series into an autoregressive integrated moving average (ARIMA)
model, Box-Jenkins methodology was applied. The autocorrelation
function (ACF) and the partial autocorrelation function (PACF) along
with the Akaike information criterion (AIC) and the Bayesian informa-
tion criterion (BIC) for goodness of fit were examined in order to
determine the best fit model for characterizing inappropriate SUP uti-
lization series. With the best fit model selected, interrupted time
series analysis was performed to evaluate the impact of the imple-
mentation of our multidisciplinary quality improvement initiative
(intervention) on the inappropriate utilization patterns of SUP in all
patients and ICU versus non-ICU patients. The statistical analyses
involving categorical variables were carried out by using Chi-square or
Fisher's exact tests. P values were two-tailed and considered statisti-
cally significant if less than 0.05. Statistical analyses were performed
using SAS 9.4 Software (SAS Institute Inc., Cary, NC, USA).

3 | RESULTS

3.1 | Characteristics of study patients

There were 362 patients admitted to the ACS team during the study
period. Of those, 45 patients were excluded due to either the pre-
existing conditions requiring AST or their home medication including
AST, resulting in 317 patients eligible for study inclusion (153 in the
pre-intervention cohort and 164 in the post-intervention cohort).
Table 1 summarizes the baseline characteristics of study patients. The
mean age of patients was 44.2 + 24.8 vs 40.9 + 24.0 years in the pre-
and the post-intervention cohorts, respectively. ICU admission rates
were 11.1% and 9.1% during the pre- and post-intervention periods,
respectively. Approximately 90% of overall patients were admitted to
general wards after a brief stay in the emergency department. The
mean CCls were 0.3 + 0.8 and 0.3 + 0.9 in the pre- and post-
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TABLE 1 Baseline characteristics of study patients

Pre-intervention Post-intervention

n=153 n =164

Age/years, mean + SD 44.2 +24.8 40.9 +24.0

<18, n (%) 29 (19.0) 40 (24.4)

18-39, n (%) 40 (26.1) 43(26.2)

40-64, n (%) 45(29.4) 50 (30.5)

65-79, n (%) 5(16.3) 20(12.2)

280, n (%) 14(9.2) 1(6.7)
Female, n (%) 73 (47.7) 8 (41.5)
ICU admission, n (%) 17 (11.1) 5(9.1)
Charlson comorbidity 0.3+0.8 0.3+0.9

index, mean = SD

<1, n (%) 134 (88.0) 150(91.5)

2,n (%) 17 (11.1) 6(3.7)

23, n (%) 2(1.3) 8(4.9)
Comorbidity, n (%)

Cardiovascular disease 7 (4.6) 11 (6.7)

Diabetes 3(2.0) 4(2.4)

Cerebral vascular 2(1.3) 5(3.0)

accident

Renal disease 3(2.0) 2(1.2)

Liver disease 2(1.3) 3(1.8)

Dyslipidemia 0(0) 2(1.2)
Co-medication, n (%)

Anticoagulants 18(11.8) 17 (10.4)

Steroids 3(2.0) 6(3.7)

NSAIDs 125 (81.7) 131 (79.9)

Abbreviations: SD, standard deviation; ICU, intensive care unit; NSAIDs,
nonsteroidal anti-inflammatory drugs.

intervention cohorts, respectively, suggesting mild comorbid status in
overall patients as well as minimal difference in comorbidity between
cohorts. The most common comorbidity was cardiovascular disease
(4.6% vs 6.7%), followed by diabetes (2.0% vs 2.4%) in the pre- and
post-intervention cohorts, respectively. In terms of concomitant use
of other medications with potential bleeding risks, NSAIDs were most
commonly utilized (81.7% vs 79.9%), followed by anticoagulants
(11.8% vs 10.4%) and steroids (2.0% vs 3.7%) in the pre- and post-
intervention cohorts, respectively.

3.2 | Patterns of AST use

The incidence and risk of AST use post the multidisciplinary team
intervention were assessed in all patients, irrespective of severity of
conditions, and then separately in non-ICU vs ICU-admitted
patients. ORs and 95% Cls were then adjusted for age category, sex
and co-medication with anticoagulant, steroid and/or NSAID ther-
apy. The results are presented as crude and adjusted ORs with 95%

Cls in Table 2. Rates of AST use decreased substantially after the

intervention, by 22.9% from 78.4% to 55.5% in overall patients, and
by 25.5% from 77.2% to 51.7% in non-ICU patients: the adjusted
OR was 0.32 (95% ClI 0.19-0.54, P < .001) and 0.29 (95% CI
0.17-0.50, P < .001), respectively. Rates of AST use among ICU
patients remained high throughout the study period at 88.2% before
intervention and at 93.3% after intervention. Due to the institu-
tional SUP protocols, H2RAs were more frequently prescribed than
PPls as the first-line AST at the study institution; PPls were
reserved for high-risk patients and when acid suppression with
H2RAs was deemed insufficient or failed to prevent Gl ulceration or

bleeding.

3.3 | Evaluation of the indication for SUP

The evaluation of the appropriateness of SUP in individual patients
was conducted in accordance with the latest guidelines recommenda-
tions. The distribution and frequency of each of the aforementioned
major and minor risk factors among study patients along with the
number of patients with a clear indication warranting SUP were com-
pared between the pre- and post-intervention cohorts (Table 3). Of
the three major risk factors for stress ulcer and stress ulcer-induced
Gl bleeding, history of Gl bleeding or ulceration within the past year
was the most common risk factor identified in study patients: 5.2%
vs 4.9% of patients in the pre- and post-intervention cohorts, respec-
tively. Of the minor risk factors, the most frequently observed risk
factor was NSAID use (81.7% vs 80.0%), followed by major surgery
(20.9% vs 23.2%), active Gl bleeding (17.0% vs 9.1%) and anticoagu-
lant use (11.8% vs 10.4%) before and after intervention, respectively.
Overall, the numbers of patients with a proper indication for SUP
were assessed to be 64 (41.8%) and 60 (36.6%) during the pre- and
post-intervention periods, respectively. Of those, 11 patients in each
cohort required SUP as they had at least one major risk factor
regardless of minor risk factors, whereas 53 (34.6%) and 49 (29.9%)
patients in the pre- and post-intervention cohorts, respectively, met
the indication criteria by having multiple minor risk factors but no
major risk factors. Notably, although AST use decreased substantially
by 22.9% post intervention as shown in Table 2, the proportion of
patients with an appropriate SUP indication remained similar
between the two cohorts, irrespective of our intervention and the
level of care (non-ICU vs ICU). The provision of SUP in 2 (1.3%) and
11 (6.7%) patients in the pre- and post-intervention cohorts, respec-
tively, was decided to be made by clinicians following a risk-benefit
analysis, in consideration of short inpatient stay and low risk of Gl

bleeding.

3.4 | Inappropriate use of SUP

The incidence of inappropriate use of SUP declined by 12.3% from
58 (37.9%) patients prior to intervention to 42 (25.6%) patients post
intervention and the adjusted OR indicated a statistically significant
risk reduction: 0.51 (95% Cl 0.31-0.86, P = .01) (Table 4): ORs and
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TABLE 2 Acid suppressive therapy use
Pre-intervention Post-intervention Crude OR (95% P Adjusted OR P
n=153 n=164 Cl) value (95% CI)* value

Acid suppressant use in overall 120 (78.4) 91 (55.5) 0.34 (0.21-0.56) <0.001 0.32(0.19-0.54) <0.001
patients, n (%)
None 3(21.6) 73 (44.5)
PPI 7 (4.6 5(3.1)
H2RA 100 (65.4) 75 (42.9)
Switch 13(8.5) 11(6.7)

Acid suppressant use in non-ICU 105/136 (77.2) 77/149 (51.7) 0.32 (0.19-0.53) <0.001 0.29 (0.17-0.50) <0.001
patients, n (%)
None 31/136 (22.8) 72/149 (48.3)
PPI 3/136 (2.2) 2/149 (1.3)
H2RA 95/136 (69.9) 70/149 (47.0)
Switch 7/136 (5.1) 5/149 (3.4)

Acid suppressant use in ICU patients, 15/17 (88.2) 14/15 (93.3) 1.87 (0.15-22.94) 0.62 3.33(0.12-93.13) 0.48
n (%)
None 2/17 (11.8) 1/15 (6.7)
PPI 4/17 (23.5) 3/15(20.0)
H2RA 5/17 (29.4) 5/15 (33.3)
Switch 6/17 (35.3) 6/15 (40.0)

Abbreviations: OR, odds ratio; Cl, confidence interval; PPI, proton pump inhibitor; H2RA, histamine-2 receptor antagonist; ICU, intensive care unit.

P values were estimated by Chi-squire or Fisher's exact tests.
Statistically significant P values are highlighted in bold.

"ORs and 95% Cls were adjusted for age category, sex and concomitant use of anticoagulant, steroid and/or nonsteroidal anti-inflammatory drug therapy.

95% Cls were adjusted for age category, sex and co-medication with
anticoagulant, steroid and/or NSAID therapy. The overuse reduction
was more pronounced in non-ICUs where inappropriate use rates
decreased by 14.4% from 56 (41.2%) prior to intervention to
40 (26.8%) post intervention (adjusted OR 0.50, 95% Cl 0.30-0.85,
P = .01), whereas the incidence of inappropriate use in the ICUs was
11.8% before intervention and 13.3% after intervention. In consider-
ation of varied total patient-days during each bimester, the incidence
per 100 patient-days was also assessed and decreased by 12.1 from
28.7 before intervention to 16.6 after intervention. The total
expenses incurred by unwarranted SUP therapy amounted to US
$199.93 during April and May vs US$79.01 during July and August in
2018, indicating a relative decrease of about 60.5% post intervention.
The expenses associated with inappropriate utilization of SUP in ICU
showed a greater relative decrease post intervention, almost 92.4%,
from US$55.33 to US$4.23. All Korean citizens have universal health
coverage via the National Health Insurance Program, which provides a
co-payment rate of 20% for general inpatient expenditure including
pharmaceuticals.'® Patient co-payments thus accounted for approxi-
mately 20% of the total expenses, which also decreased from US
$39.99 to US$15.80 following the multidisciplinary team intervention.
To adjust for varied patient-days in each period, the total and patient
expenses per 100 patient-days were calculated and both showed a
substantial relative decrease by 58.5% from US$19.39 to US$8.04
and from US$3.88 to US$1.61, respectively.

35 |
use

Time series analysis on inappropriate SUP

Figure 1 shows the impact of our intervention concerning appropriate
SUP use on the reduction in unwarranted SUP prescription. Daily time
series data regarding inappropriate SUP utilization were found to be
stationary. By examining ACF and PACF plots plus AIC and BIC
values, we assessed that the ARIMA (1, 0, 0) model best represents
our data. The signs and magnitudes of the impact attributable to our
intervention are expressed as a coefficient (slope, B), which is summa-
rized in Table 5. A significant reduction in the incidence of inappropri-
ate SUP use was observed after our intervention with a coefficient of
—0.63 in both overall and non-ICU patients and —1.00 in ICU patients
(P < .001 for all time-series analyses).

3.6 | Safety outcomes: Gl bleeding, pneumonia
and length of stay

Although AST overuse and inappropriate SUP rates decreased sub-
stantially with the implementation of our multidisciplinary program,
no increased risk of Gl bleeding was observed during the post-
intervention bimester: Gl bleeding occurred in 26 (17.0%) patients
during April-May vs 15 (9.1%) patients during July-August in 2018
(Table 6). There was no CDAD cases encountered during the study
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TABLE 3 Appropriateness of SUP use

Pre-intervention Post-intervention

n=153 n =164
Patients with risk factors
for stress ulcer, n (%)
Coagulopathy 1(0.7) 0(0.0)
Mechanical ventilation 2(1.3) 3(1.8)
248 h
History of Gl bleed or 8(5.2) 8(4.9)
ulceration
Head trauma 0(0.0) 2(1.2)
Active Gl bleeding 26 (17.0) 15(9.1)
Sepsis 3(2.0) 3(1.8)
Renal insufficiency 7 (4.6) 7 (4.3)
ICU stay 27 d 6(3.9) 6(3.7)
Major surgery 32(20.9) 38(23.2)
Steroid use 3(2.0) 6(3.7)
NSAID use 125 (81.7) 131 (80.0)
Anticoagulant use 18 (11.8) 17 (10.4)
Patients with appropriate 64 (41.8) 60 (36.6)
indication for SUP per
guidelines, n (%)
Patients with major risk 11 (7.2) 11 (6.7)
factor
Patients with multiple 53 (34.6) 49 (29.9)
minor risk factors
Non-ICU patients 51/136 (37.5) 48/149 (32.2)
ICU patients 13/17 (76.5) 12/15 (80.0)
SUP held by clinical 2(1.3) 11 (6.7)

decision, n (%)

Abbreviations: SUP, stress ulcer prophylaxis; Gl, gastrointestinal; ICU,
intensive care unit; NSAID, nonsteroidal anti-inflammatory drug.

period in both cohorts. The incidence of pneumonia was relatively
low: 4 (2.6%) patients and 7 (4.3%) patients developed pneumonia
during the pre- and post-intervention periods, respectively. The mean
length of ICU and hospital stay in days showed a tendency to
decrease following our multidisciplinary team efforts, albeit statisti-
cally not significant, from 10.5 + 16.0 to 10.3 + 17.5 (P = .98) and
6.7 £ 9.1 to 6.0 + 8.3 (P = .45) over the pre- vs post-intervention
periods, respectively. Caution is advised in interpreting these results
because of the small sample size and the sparsity of outcome events
during the study period. Further study is required to verify a potential

association between AST overuse and adverse safety outcomes.

4 | DISCUSSION
In this study, we implemented the multidisciplinary quality improve-
ment initiative to enhance appropriate utilization of SUP in patients

hospitalized via emergency department. The initiative was composed

of clinician education, medication use reviews and reconciliations, and
pharmaceutical interventions when necessary. In April and May 2018,
prior to the initiation of our team efforts, AST use rates were as high
as 78.4% in study patients, which is partly because of the preset
admission order lists established in the study institution. SUP was first
removed from the admission order list by which medication sets were
routinely prescribed for newly admitted patients. Our multidisciplinary
team embarked on this quality improvement project in June 2018,
and a 1-month-long transition period was allowed before designating
those admitted to hospital in July and August as the post-intervention
cohort. Overall, not only the inappropriate use of SUP in patients,
especially among non-ICU patients, but also healthcare expenses
associated with such overuse decreased substantially post
intervention.

H2RAs and PPIs are typical AST agents for SUP. Intravenous
cimetidine injection, however, is the only Food and Drug Administra-
tion (FDA) approved medication for prevention of Gl bleeding, and
other agents are prescribed as off-label use according to guide-
lines.”®1 The first SUP guidelines, published by American Society of
Health-system Pharmacists (ASHP) in 1999, strongly recommend
H2RAs as part of a prophylactic regimen in patients with high risk for
stress ulcer-induced bleeding.”?° Recently, the prescribing trends
have shifted towards PPIs based on the study results demonstrating
superior efficacy of PPIs to H2RAs in decreasing bleeding occasions
as well as inhibiting acid secretions.®®2%2! Nevertheless, H2RAs are
more frequently used over PPls for SUP in our institution due to
institution-specific clinical practices and insurance-related issues. Cur-
rently, although various SUP guidelines are available, these do not
provide clear standards regarding when to initiate, discontinue or
withhold prophylactic AST, which may play as a contributing factor in
rising incidences of SUP overutilization in clinical settings.”®1°

The side effect profiles of both H2RAs and PPIs are generally
considered safe and tolerable; however, inappropriate long-term use
of these agents definitely puts patients at risk of developing various
medication-related adverse events or complications.?22* Although
our study results demonstrated a low incidence of pneumonia before
and after the intervention, patients receiving prolonged AST are prone
to infections such as community- or hospital-acquired pneumonia, or
CDAD secondary to increased pH of the gastric tract.?22°> Moreover,
increased incidences of disease conditions resulted from malabsorp-
tion of essential nutrients, including vitamin B12, calcium, iron and
magnesium, are commonly identified as drawbacks of long-term
AST.222627 Additional concerns are raised with overutilization of PPIs
because of possible incidences of osteoporosis, interstitial nephritis or
drug interactions. PPIs inhibit CYP2C19, a key enzyme responsible for
activating clopidogrel.?22® A meta-analysis revealed a significantly
higher rate of adverse cardiovascular events in patients
concomitantly using PPIs and clopidogrel, and the US FDA issued a
warning regarding concurrent administration of clopidogrel and
omeprazole/esomeprazole in 2009.232° As a result, individualized
medication regimens along with appropriate monitoring based on
risk-benefit approaches are recommended when PPIs are to be con-

sidered in clopidogrel users.
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TABLE 4 Inappropriate use of SUP

Pre-intervention

n=153

Incidence of inappropriate use, n 58 (37.9)

(%)

Non-ICU 56/136 (41.2)

ICU 2/17 (11.8)
Total patient-days 1031

Non-ICU 644

ICU 387
Inappropriate patient-days 296

Non-ICU 265

ICU 31
Incidence per 100 patient-days 28.7

Non-ICU 411

ICU 8.0
Total cost (US$) $199.93

Non-ICU $144.61

ICU $55.33

Patient cost (US$) $39.99
Total cost per 100 patient-days $19.39

(US$)
Patient cost per 100 patient-days $3.88

(Us$)

Post-intervention
n =164

42 (25.6)

40/149 (26.8)
2/15(13.3)
983

666

317

163

154

9

16.6

23.1

28

$79.01
$74.78
$4.23
$15.80
$8.04

$1.61

Crude OR (95%
Cl)
0.56 (0.35-0.91)

0.52(0.32-0.86)
1.15(0.14-9.38)
NA

NA

NA

NA

NA
NA

NA

P
value
0.02

0.01
0.89
NA

NA

NA

NA

NA
NA

NA

Adjusted OR (95%
ClI)*
0.51(0.31-0.86)

0.50 (0.30-0.85)
0.50 (0.02-13.85)
NA

NA

NA

NA

NA
NA

NA

Abbreviations: SUP, stress ulcer prophylaxis; OR, odds ratio; Cl, confidence interval; ICU, intensive care unit; NA, not applicable.

P values were estimated by Chi-squire or Fisher's exact tests.
Statistically significant P values are highlighted in bold.
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P
value
0.01

0.01
0.68
NA

NA

NA

NA

NA
NA

NA

"ORs and 95% Cls were adjusted for age category, sex and co-medication with anticoagulant, steroid and/or nonsteroidal anti-inflammatory drug therapy.

FIGURE 1 Daily incidence of
inappropriate SUP use per 100 patients
during pre- and post-intervention periods.
The vertical line denotes the
implementation of the multidisciplinary
quality improvement initiative concerning
appropriate usage of SUP. Abbreviations:
SUP, stress ulcer prophylaxis; ICU,
intensive care unit

To date, the importance of appropriate SUP has been relatively
underemphasized regardless of the profound risks of complications

induced by long-term AST use. The approved SUP indications involve

Incidence of inappropirate SUP/100 patients
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critical conditions, such as the aforementioned major and minor risk
factors.”®° Theoretically, SUP should be initiated in ICU patients
with approved indications and discontinued once risk factors for
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TABLE 5 Autoregressive integrated moving average (ARIMA) model parameters for time series data on inappropriate SUP use

Overall inappropriate SUP per 100

Inappropriate SUP in non-ICU per 100

Inappropriate SUP in ICU per 100

patients patients patients
Slope (B) SE t value P value Slope (B) t value P value Slope (B) SE t value P value
Intervention  —0.63 0.07 8.98 <0.001 -0.63 0.07 8.93 <0.001 -1.00 0.01 114.35 <0.001

Abbreviations: SUP, stress ulcer prophylaxis; ICU, intensive care unit; SE, standard error.
Slope (B) is the estimate of direction and magnitude of the response to the intervention.

TABLE 6 Incident Gl bleeding and pneumonia

Pre-intervention Post-intervention
n=153 n=164

Gl bleeding, n (%) 26 (17.0) 15(9.1)

Pneumonia, n (%) 4(2.6) 7(4.3)

Length of ICU stay (days), 10.5 £ 16.0 10.3+17.5

mean * SD
Length of hospital stay 6.7+9.1 6.0+83

(days), mean + SD

Abbreviations: Gl, gastrointestinal; ICU, intensive care unit; SD, standard
deviation.
No patients developed Clostridium difficile colitis during the study period.

bleeding are resolved or patients are discharged from the ICU, based
on the study results revealing no benefits of continuing SUP after ICU
discharge.30 However, in the real world, the most common reason for
inappropriate AST use was associated with SUP in low-risk patients;
continuation of SUP on hospital discharge was also prevalent.}11-16
Insufficient education related to appropriate SUP use and limited time
for healthcare providers to assess the risk factors for bleeding at tran-
sition of care may contribute as key factors to SUP overutilization.
Therefore, this study was conducted to assess the impact of our mul-
tidisciplinary quality improvement initiative on resolution of the above
issues.

The beneficial effects of a multidisciplinary team in managing
inappropriate SUP have been demonstrated in previous studies con-
ducted in different academic institutions.*>3! The primary interven-
tion was performed through adequate education of healthcare
providers, which significantly decreased the number of inappropriate
AST prescriptions. In addition, adopting a pharmacist-involved collab-
orative approach in addition to medication use reviews on daily
rounds and reconciliation services also improved SUP practices.?3%%2
As part of our multidisciplinary program, in-service education on
appropriate SUP use was offered biweekly for healthcare providers,
which led to deletion of H2RAs and PPIs from the preset admission
order list in the surgical ICUs and general wards. Moreover, the provi-
sion of SUP and its appropriateness in individual patients were
assessed by clinicians on each transition of care, which provided
opportunities for accomplishing medication reconciliation. This
resource-intensive task was only possible through effective leadership
and systematic efforts within the team. Our multidisciplinary team
efforts not only significantly reduced inappropriate use of SUP, espe-

cially in non-ICU floors, but also showed cost-saving effects. These

results were consistent with the findings in previous studies where
adequate education on appropriate SUP use led to a significant
decrease of 10-fold in most in healthcare costs associated with inap-
propriate use of SUP.1333

To the best of our knowledge, this is the first study to evaluate
the beneficial impact of a multidisciplinary quality improvement initia-
tive on reducing the inappropriate use of SUP in hospitalized patients
in Korea. Our study results clearly demonstrate decreased inappropri-
ate SUP use along with cost-saving effects with the intervention. This
study, however, did not have a chance to observe reduction in drug-
induced complications associated with inappropriate SUP use. There-
fore, further studies assessing the impact of a multidisciplinary quality
improvement initiative on reducing complications secondary to SUP
overutilization are recommended to encourage multidisciplinary
patient care practice as part of the institutional guidelines for appro-
priate SUP use and management.

5 | LIMITATIONS

The study period consisted of two bimesters of pre-intervention
and post-intervention, and this multidisciplinary initiative was
implemented only in the patients admitted to the Department of
Surgery via the emergency department. If we could have embarked
on an institution-wide program to cover the entire inpatients for a
longer study period, the impact in terms of risk reduction of inap-
propriate SUP and the resultant cost savings would have been more
substantial. As there is no specific ICD-10 code assigned to stress
ulcer or SRMD, an assumption was made that patients with no
apparent pre-existing disease state warranting H2RAs or PPIs were
treated with the medications for prophylactic purposes. Because of
the short duration of study, the low frequency of certain adverse
events and the limited sample size, it was difficult to investigate a
potential link between prolonged AST and adverse complications in

exposed patients.

6 | CONCLUSION

Our multidisciplinary team efforts incorporating education, medication
use reviews and reconciliation, discussion on daily rounds, and prompt
pharmaceutical interventions were associated with improvement in

SUP prescription patterns, resulting in a substantial decrease in both
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inappropriate use of SUP in hospitalized patients, especially in non-

ICUs, and its associated healthcare costs.
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