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Abstract

Objective: We aimed to evaluate the effects of a clinical pharmacist-led-guidance-team (CPGT)

on improving rational prophylactic injectable proton pump inhibitor use (PIPU) and to explore

the application of the Plan–Do–Check–Act (PDCA) method in promoting rational PIPU.

Methods: We conducted a retrospective study among 814 patients at a Chinese tertiary teach-

ing hospital from January 2017 to December 2018. We enrolled 98 patients before the PDCA;

297 and 419 patients were included in first- and second-round PDCA cycles, respectively. The

CPGT established the criteria for PIPU and conducted interventions, including medical record

reviews, provision of feedback, clinician education, and outcome analysis. We analyzed the appro-

priateness and costs of PIPU before and after establishment of the PDCA cycle.

Results: Implementation of continuous CPGT-led intervention and a PDCA cycle significantly

decreased the rate of irrational PIPU (53.06% vs. 8.57%), including duration, administration route,

indication, and dosing frequency. Costs of total (USD 211.28� 162.33 vs. 53.17� 22.32) and

inappropriate (USD 76.70� 59.78 vs. 2.25� 3.86) PIPU per patient were significantly reduced.

The target compliance rate was 107.56%.

Conclusion: A CPGT can have an effective role in improving rational PIPU and optimizing

administration through a PDCA cycle, to attain improved clinical and economic outcomes.
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Introduction

Proton pump inhibitors (PPIs) are the first

choice of treatment for esophagitis and

peptic ulcer disease.1,2 PPIs are also one of

the most widely prescribed medicines in

hospitals. A study in the United States

showed that the proportion of prescriptions

for PPIs doubled from 1999 to 2012.3 In

China, the annual use of PPIs has exceeded

that of hypertension drugs and diabetes

drugs and is second only to antibacterial

drugs. In practice, however, not all PPIs

are used following evidence-based guide-

lines, and irrational use is common.4–6

Nearly USD 2 billion is spent globally

every year for unnecessary PPI treatment,

and inappropriate use of injectable PPIs (I-

PPIs) accounts for 56% of all inappropriate

PPI use.7 In recent years, the irrational use

of PPIs has become common in China,

mainly involving unapproved indications

and excessive dosages.8,9 In addition,

the negative effects of PPI use are generally

underestimated owing to marketing and

reporting bias in published trials.

Widespread and inappropriate use of PPIs

is likely to translate into serious long-term

adverse effects such as increased gastroin-

testinal tract infections (e.g., Clostridium

difficile-associated diarrhea), reduced intes-

tinal absorption of vitamins and minerals,

pneumonia, increased fracture risks,10–14

kidney damage15,16 and liver adverse

effects.17 These have undoubtedly given

rise to new problems and challenges in the

utilization of PPIs.

PPIs are available as both oral tablets and
intravenous injections. Oral therapy is seen
as highly effective,18 similar in effectiveness
to I-PPIs at equivalent doses.19 However,
I-PPIs have a considerably higher cost than
oral equivalents and limited medical justifi-
cation for their routine use. In recent years,
we have become aware that utilization of
I-PPIs has increased rapidly, especially in
stress ulcer prophylaxis (SUP). Studies
have shown that most I-PPI prescriptions
in hospitals are inappropriate, leading to
increased health care costs and potential
adverse effects.20 In 1985, the World

Health Organization (WHO) put forward
the concept of rational drug use.
Developed countries began to explore ratio-
nal use of medicines earlier than other coun-
tries. Therefore, the rational use of PPIs,
especially for I-PPI, is an urgent problem
in China.9,21 Measures are critically needed
to improve I-PPI use and to reduce unnec-
essary drug costs.

“Plan–Do–Check–Act (PDCA) circu-
lation” was proposed in the 1950s by Dr
Edwards Deming, an American expert in
quality management.22 PDCA divides the
process of management into four parts.
A PDCA cycle involves the process of find-
ing and solving problems in the quality
management of various fields. PDCA is
also applicable for continuous improve-
ment of medical quality management. In
this paper, we report the use of the PDCA
method by a clinical pharmacist-led guid-
ance team (CPGT) to continuously improve
rational prophylactic injectable proton
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pump inhibitor use (PIPU) in a Chinese ter-

tiary teaching hospital, and we present with

a cost analysis. This work may serve as a

basis for a feasible service mode for clinical

pharmacists.

Methods

Study design and participants

This retrospective study was conducted in a

Chinese tertiary teaching hospital with 2500

beds. The study included four consecutive

steps of the PDCA cycle, for eight stages of

prescription evaluation (PE) (Figure 1). The

study data were collected from inpatient

records. The information of patients and

data related to I-PPI administration were

acquired from electronic medical records

(EMRs). Patients were excluded for any of

the following reasons: age under 18 years or

over 80 years, died during hospitalization,

had taken PPIs within 2 weeks prior to hos-

pitalization, treating peptic ulcers,

gastroesophageal reflux disease,
Helicobacter pylori infection, Zollinger–
Ellison syndrome, upper gastrointestinal
bleeding, or functional dyspepsia.

The ethics committee of The First
Affiliated Hospital, College of Medicine,
Zhejiang University, approved this study.
All patients enrolled in this study agreed to
the use of their information for this study.
Detailed patient information was kept pri-
vate and is unavailable to the public.

Plan

Data collection and statistical analysis. The rate
of I-PPI prescriptions was expressed as
defined daily doses (DDDs)/100 inhabitants
per day, and expenditures were used for
measuring drug utilization and expenditure.
The Chinese currency (renminbi, CNY) was
used to determine expenditure for I-PPIs
over time (7.0 CNY equals 1 USD). We
did not adjust for currency inflation or
deflation in computing the actual changes
during this period. We investigated and

Figure 1. Process of pharmacist-driven intervention in improving rational PIPU using Plan–Do–Check–Act
circulation.
CPGT, clinical pharmacist-led guidance team; PIPU, proton pump inhibitor use.
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ranked I-PPI DDDs from October 2016 to

March 2017 (3 months was considered a

stage) as the pre-intervention period in

our hospital, and selected 11 departments

with the highest I-PPI DDDs for which

“prophylaxis” was the purpose. We ran-

domly selected cases from these depart-

ments and evaluated the rates of rational

PIPU. Randomization was computer-

generated. G*Power 3.1.9.4 (http: //www.

softpedia.com/get/Science-CAD/G-Power.

shtml) was used to perform power calcula-

tion and for sample size determination.
Statistical analysis was performed using

chi-square and Student t tests with IBM

SPSS software version 19.0 (IBM Corp.,

Armonk, NY, USA). Categorical variables

are expressed as number and percentage;

continuous variables are expressed as

mean and standard deviation. Variables

that are not continuously distributed were

analyzed with the non-parametric Mann–

Whitney U test. Statistical significance was

defined as two-sided P< 0.05.

Objective setting. The objective of this study

was to increase rational PIPU through

PDCA and to evaluate the effects of inter-

vention by a CPGT. The target value and

target compliance rate were calculated

using the following equation:

Target value ¼ Current rate
þ Improved value

Improved value ¼ Current rate
�Intervention department
�Intervention coverage

Target compliance rate
¼ Completion value=Target value

Cause analysis and solution formulation. Based

on the results of prescription evaluation of

PIPU for patients before PDCA and the 80/
20 rule, we created a fishbone diagram to
analyze the causes of each factor; the main
causes were identified for improvement
(Figure 2). Ultimately, selection and inte-
gration of countermeasures according to
the main causes were performed, including:
1) setting up evaluation criteria, 2) carrying
out personnel training, 3) conducting
special PE, and 4) carrying out clinical
education.

Do

Establishment of the CPGT. We established a
multidisciplinary CPGT for this study,
which included clinical pharmacists, gastro-
enterologists, administrators in the depart-
ment of medical affairs and the information
department, as well as members of the
pharmaceutical and quality management
committee. The group was in charge of
drafting and determining evaluation rules
and presiding over the process to ensure
that the work was carried out smoothly.
Clinical pharmacists who had completed
at least 1 year of residency in a ward and
had taken training courses to become famil-
iar with guidelines related to PIPU, were
included in this study. Senior clinical phar-
macists were in charge of carrying out a
series of professional training sessions for
the relevant departments to help them
quickly become familiar with the criteria
of rational I-PPI use.

Establishment of criteria for PIPU. According to
the guidelines for I-PPI, the American
Society of Health-System Pharmacists ther-
apeutic guidelines and Chinese Medical
Association therapeutic suggestions, we
drafted the criteria for PIPU using an
evidence-based method. The reference
standards included therapeutic guidelines
on SUP,23 SUP in the postoperative
period,24 SUP in hospitalized patients not
in intensive care units,25 practice
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management guidelines for SUP,26 preven-
tion and treatment of general surgical
stress-related mucosal disease,27 expert

recommendations for SUP,28 prevention
and treatment of stress-related mucosal
disease,29 and SUP.30

CPGT intervention. Inpatients were enrolled
in the study during the pre-intervention
(January to March 2017) and post-

intervention (April to December 2017 and
January to December 2018) periods, with 3
months defined as a stage. In each stage,

CPGT-conducted interventions included:
1) evaluation of rational PIPU according
to the established criteria; 2) data on inap-

propriate PIPU collected by pharmacists
and communication with the prescribing

doctor by E-mail or telephone for cases of
irrational use; 3) revaluation and recheck-
ing the case after feedback from doctors

and modification of the prescription
review system/criteria; 4) final statistical
analysis performed by senior clinical phar-

macists; 5) statistical results and review
criteria submitted to the department
of medical affairs and published online;

6) targeted continuous education provided
by senior clinical pharmacists provide
(Figure 1).

Check

Based on the established criteria, the same
PE was conducted and compared before

and after establishment of the PDCA
cycle. The economic benefit was calculated

using data provided by the information and
statistics departments. The rate of rational
PIPU was evaluated according to six

aspects: indication, administration route,
dosage and frequency, duration, drug selec-

tion, and medicine interactions.

Act

At each stage, statistical results and review

criteria were submitted to the department
of medical affairs and a reward-and-
punishment mechanism was established.

Additionally, aimed toward the problems
found in the Check portion, the CPGT

held meetings to discuss current issues that
existed in the PE process and decided how
to resolve them. The flowchart was

Figure 2. Fishbone diagram analysis of the main factors involved in high rates of irrational proton pump
inhibitor use.

Hong et al. 5



standardized for improvement and renewed
every 3 months.

Results

Department selection

Based on the I-PPI DDDs from October
2016 to March 2017 before the PDCA
cycle (Figure 3), we selected the 11 depart-
ments with the most frequent I-PPI use for
“prophylaxis”, including hepatobiliary sur-
gery, vascular surgery, thyroid surgery,
infectious diseases, anorectal surgery, urol-
ogy, spinal surgery, neurosurgery, rheuma-
tology, respiratory, and stomatology.

Patient characteristics

From January 2017 to December 2018,
with 3 months defined as a stage, 814
patients received I-PPIs for prophylaxis in
this study, including 98 patients during the
pre-PDCA period (January to March
2017), 297 patients during first-round
PDCA period (April to December 2017),
and 419 in the second-round PDCA
period (January to December 2018).
General data for the eight stages are

shown in Table 1. Among the 814 patients,

most (56.63%) were men. There were no

significant differences between the eight

groups of patients with respect to demo-

graphics and clinical characteristics, such

as sex, age, and length of hospital stay.

Practice and effects of adopting the

PDCA cycle

Standards and objectives. According to the

reference standards, we summarized major

versus minor criteria for PIPU. After the

CPGT held discussions and reached a con-

sensus, the criteria for PIPU in the hospital

were formulated (see Table 2). Among 98

patients in the pre-PDCA period, the rate

of inappropriate PIPU was 53.06% (52/98).

Inappropriate drug duration (18.4%, 18/98)

was the most common reason for irrational

use. The statistical results are shown in

Figure 4. Based on the calculation, the

target value of this project was a rate of

rational PIPU of 85%.

Evaluation of clinical effects. After three stages

of PE (April to December 2017, 3 months

defined as a stage), the rate of irrational

Figure 3. Utilization of injectable proton pump inhibitors for inpatients during October to December 2016
and January to March 2017.
DDDs, defined daily doses.
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PIPU decreased significantly (53.06% to

22.77%, P< 0.001). Obvious improvements

were observed in inappropriate drug dura-

tion (18.37% to 0.99%, P< 0.001) and

inappropriate administration route

(10.20% to 2.97%, P¼ 0.038). The causes

are compared in Table 3. However, the

target value of this project was not reached,

so we conducted a statistical analysis and

began the second-round PDCA period.

For another four stages of PE (January to

December 2018, 3-month stage), obvious

improvements were observed for no indica-

tions (6.93% to 0.95%, P¼ 0.026) and

unnecessary drug replacement (3.96% to

0%, P¼ 0.039). The rate of irrational

PIPU decreased from 22.77% to 8.57%

(P¼ 0.005) (Table 4).

Economic benefit and I-PPI consumption analysis.

As depicted in Table 5, the adoption of

PDCA significantly decreased the average

PIPU duration and average PIPU cost.

Compared with before and after establish-

ment of the first- and second-round PDCA

cycles, the average PIPU duration (9.81 vs.

6.81 or 6.38 days, respectively; P< 0.05)

and cost of total PIPU (USD 211.28 vs.

USD 95.90 or USD 53.17, respectively;

P< 0.001) were significantly decreased.

Moreover, the cost of inappropriate PIPU

per patient was also significantly reduced

after two PDCA cycles (USD 76.70 vs.

USD 14.21 and USD 2.25, respectively,

P< 0.001). Furthermore, the DDDs of

total and inappropriate PIPU per patient

were significantly reduced after the first

round of PDCA (147.42� 67.98 vs.

96.04� 78.69, 47.61� 15.37 vs. 12.60�
13.34, respectively; P< 0.001); these contin-

ued to decline after the second round of

PDCA (96.04� 78.69 vs. 71.54� 49.86,

P¼ 0.008, 12.60� 13.34 vs. 2.89� 3.73,

respectively; P< 0.001). In brief, rational

PIPU greatly decreased health care costs

and reduced potential adverse effects.T
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Continuous medical quality improvement. After

the PDCA cycles, the effective intervention

rate for inappropriate PIPU increased sig-

nificantly, and irrational use decreased

every 3 months (see Figure 5). In five

stages of PE (April 2017 to June 2018),

the rate of rational PIPU was 85.43%,

reaching the target value of the project;

this was maintained for the following 6

months. A much higher rate of rational

PIPU was achieved after than before estab-

lishment of PDCA (46.94% of 98 patients

during January to March 2017 vs. 91.43%

of 106 patients during October to

December 2018; P< 0.001). The target

compliance rate was 107.56%.

Discussion

Our study showed that CPGT intervention

could improve the rate of rational PIPU

using two rounds of PDCA circulation,

including optimization of prophylaxis dura-

tion, administration route and frequency,

and use according to indications, among

others. The incidence of irrational PIPU

decreased from 53.06% to 8.57%. As the

utilization of I-PPIs among inpatients was

considerably higher than the WHO guide-
lines in developing countries,31 a 44%

reduction in the rate of irrational PIPU is

clinically relevant and is critical for decreas-
ing health care costs.

Several organizations have developed

high-quality therapeutic guidelines and rec-

ommendations.25–30 However, the imple-
mentation of these guidelines in routine

clinical practice has been not effective. In

analyzing the reasons for this, we found
that the high utilization and expenditure

of prophylactic I-PPIs was owing to inap-

propriate prescribing habits. Prophylactic

I-PPIs should be given in the presence of
high-risk factors. Once a patient is able to

eat or can tolerate sufficient enteral nutri-

tion and their clinical symptoms begin to
improve, PPIs should be changed to oral

formulations or gradually discontinued.32,33

However, some clinicians have misconcep-

tions including that oral PPIs are less effec-
tive than injectable formulations or that

longer duration equals better efficacy. In

our study, before establishment of the
PDCA cycle, there were a total 38.77%

Figure 4. Reasons for irrational proton pump inhibitor use before Plan–Do–Check–Act cycles.
PIPU: proton pump inhibitor use.
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cases of overdosage or excessive duration of
I-PPI use for prophylaxis, among which
17.35% of cases were used until patient dis-
charge. Furthermore, it has been reported
that PIPU is not cost-effective, except in
high-risk patients.34 A survey revealed that
some clinicians feel that PPIs are harmless
and can be used by anyone.35 Thus,
clinicians prescribe I-PPIs in patients with
low or no risk or no appropriate indica-
tions. The involvement of pharmacists

may be promising, to help improve the
above problems.

In this study, we demonstrated that the
CPGT effectively improved the rate of ratio-
nal PIPU by establishment of a PDCA cycle.
The results of this work included economic
benefits, with costs of total and inappropri-
ate PIPU per patient significantly reduced.
Furthermore, DDDs of total and inappro-
priate PIPU per patient were also effectively
decreased. Most importantly, improvement

Table 5. Cost and consumption of PIPU before and after establishment of PDCA cycle.

Before PDCA After PDCA P-value

PDCA-I PDCA-II P1 P2

Total rational rate of PIPU (%) 46.94 77.23 91.43 <0.001 <0.001

Duration of PIPU (days),

mean� SD

9.81� 7.73 6.81� 5.30 6.38� 4.91 0.016 <0.001

Cost of PIPU per patient (USD),

mean� SD

211.28� 162.33 95.90� 92.34 53.17� 22.32 <0.001 <0.001

Cost of inappropriate PIPU per

patient (USD), mean� SD

76.70� 59.78 14.21� 17.55 2.25� 3.86 <0.001 <0.001

DDDs of PIPU per patient,

mean� SD

147.42� 67.98 96.04� 78.69 71.54� 49.86 <0.001 <0.001

DDDs of inappropriate PIPU per

patient, mean� SD

47.61� 15.37 12.60� 13.34 2.89� 3.73 <0.001 <0.001

P1 indicates the P-value of PDCA-I compared with Before PDCA; P2 is the P-value of PDCA-II compared with Before

PDCA.

PIPU, prophylactic injectable proton pump inhibitors use; PDCA, Plan–Do–Check–Act; DDDS, defined daily dose; SD,

standard deviation.

Figure 5. Rate of rational proton pump inhibitor use from 2017 to 2018, before and after establishment of
the Plan–Do–Check–Act cycle.
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in the rate of rational PIPU continued for a
long period after the CPGT intervention,
indicating that the criteria of PIPU were suc-
cessfully adopted by clinicians and well
implemented in practice.

The main strengths of this study
include PIPU standardization, application
and implementation of a PDCA cycle, and
effective pharmaceutical interventions.
First, we developed criteria for PIPU
using guidelines in a search of 10 databases
and on the basis of consensus reached by a
multidisciplinary CPGT. Detailed recom-
mendations regarding indications, dose, fre-
quency, and appropriate timing of PIPU
were established in accordance with guide-
lines.26–30 Second, we used PDCA circula-
tion to ensure that the project was
organized, systematic, and scientific.
Standardization according to proven effec-
tive measures, to facilitate implementation
and promotion, as well as other remaining
issues, were automatically transferred to the
next PDCA cycle for improvement. For
example, clear improvement was observed
in inappropriate duration and administra-
tion route of PPIs after the first-round
PDCA cycle, and the rate of rational
PIPU increased by 30%. However, some
inappropriate indications and dosing fre-
quencies remained, so these problems were
transferred into the next PDCA cycle. After
the second-round PDCA circulation, inap-
propriate indications and inappropriate
dosing frequency were significantly
reduced. Rational PIPU continued to
improve, reaching our target value and
maintaining it for more than 6 months.
Third, we adopted effective pharmacologi-
cal interventions, including review of
medical records, feedback, and education
outreach. The medication habits of clini-
cians were improved with educational
outreach by the CPGT. The significant
improvement in clinical and economic out-
comes highlights the important role of a
CPGT in promoting rational PIPU.

There are several limitations in this

study. First, the data were collected from

only one hospital. We only considered

I-PPIs that were available at our hospital,

although there are more than 300 brands of

PPI available in China. Second, the results

of this study are less convincing than those

of a randomized controlled trial. Third,

although rational PIPU increased signifi-

cantly during the intervention phase, the

sample size was small in this study.

Additionally, the combination of clopidog-

rel and omeprazole or esomeprazole should

be avoided;36,37 several cases of inappropri-

ate use were found before and after the

PDCA cycles in our study. Therefore,

larger sample sizes and further pharmacoe-

conomic analyses are warranted, to better

quantify the outcomes. Prospective research

is required to analyze the impact of clinical

pharmacist involvement in enhancing the

appropriate use of medications.

Conclusion

Rational PIPU can be appropriately

achieved by CPGT intervention using the

PDCA method, to attain beneficial clinical

and economic outcomes. Nevertheless,

inappropriate drug use cannot be complete-

ly avoided, so room for improvement

remains. We hope that clinical pharmacists

will actively participate in promoting ratio-

nal drug use to yield optimal cost-

effectiveness for patients. PDCA circulation

can be effectively implemented to improve

quality of care in numerous medical fields.
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