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ABSTRACT

Introduction: The rate of awareness of
prospective prescription review for inpatient
prescriptions remains low, and no study has
evaluated prospective prescription review sys-
tems among hospitalized patients. In this study
we evaluate the effect of a prospective pre-
scription review system on the use of analgesics,
clinical outcomes, and medical costs in hospi-
talized patients who underwent surgery.

Methods: A single-center, real-world study was
conducted retrospectively at Drum Tower
Hospital, Nanjing, China. Patient data were
extracted from the medical records, before (June
2016-May 2017) and after (June 2018-May
2019) prescription review system implementa-
tion. The primary outcome was proportion of
prescriptions of analgesics with potential risks.
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The secondary outcomes included prescription
of opioids or non-opioids, usage of medications
to manage analgesics-related adverse events,
clinical outcomes, and medical costs. Propen-
sity score matching was used to balance the
cohort of patients before and after implemen-
tation of the prescription review system.
Results: A total of 28,150 inpatients were
included for study analysis. After implementa-
tion of the prescription review system, the
proportion of prescriptions of analgesics with
potential risk was significantly reduced (6.3% vs
26.1%, P < 0.05). A significant decrease was
observed in the proportion of patients pre-
scribed opioids (24.3% vs 27.5%, P < 0.001) and
tramadol (4.7% vs 12.1%, P < 0.001). There was
a significant decrease in prescription of
antiemetics (21.8% vs 34.1%, P < 0.001) and
cathartics (38.4% vs 50.6%, P < 0.001) which
were used in the management of opioid-related
adverse events. There was a decreased length of
stay in hospital [median (Q1, Q3) 10 (6, 17) vs
11 (7, 18), P < 0.01)] with similar readmission
rates within 30 days post discharge (1.0% vs
0.8%, P = 0.099).

Conclusions: The introduction of the prescrip-
tion review system was associated with safer
prescribing, including a reduction in prescrip-
tions of analgesics with potential risk and
necessity of medication to manage analgesics-
related adverse events, which resulted in better
clinical outcomes and cost saving.
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Key Summary Points

The rate of awareness of prospective
prescription review for inpatient
prescriptions remains low, and no study
has evaluated prospective prescription
review systems among hospitalized
patients.

This study evaluated the effect of a
prospective prescription review system on
the use of analgesics, clinical outcomes,
and medical costs in hospitalized patients
who underwent surgery.

In this single-center, real-world,
retrospective study of medical records
covering 28,150 inpatients who
underwent surgeries found that after
prescription review system
implementation, the proportion of
prescriptions with potential risk of
analgesics was significantly reduced.

The proportion of patients prescribed
opioids and tramadol significantly
decreased while the proportion of patients
prescribed acetaminophen and
nonsteroidal anti-inflammatory drugs
(NSAIDs) increased.

The length of stay in hospital, readmission
rates within 30 days post discharge, and
cost of medication and medical devices
related to pain management were also
reduced.

INTRODUCTION

According to China’s National Bureau of
Statistics, more than 69 million hospitalized
patients underwent surgery in 2019, of which a
large population required pain management [1].
Optimal pain management allowing early

mobilization is a prerequisite for faster postop-
erative recovery and lesser postoperative com-
plications, which shortens length of stay at
hospital and reduces cost of care [2]. However,
use of analgesics with potential risk is becoming
a critical issue in clinical practice. Addressing
and solving this issue is necessary, not only to
improve the provision of healthcare to ensure
patient safety but also to allow optimal resource
utilization [3]. Though analgesics are safe to use
and the risks among these patients could be
predictable, an important number of pre-
ventable adverse drug reactions due to anal-
gesics are still detected [4]. The commonly
observed adverse events due to overconsump-
tion of nonsteroidal anti-inflammatory drugs
(NSAIDs) include gastrointestinal (GI) ulcers or
bleeds. These risk factors are usually dependent
on drug dosage and duration of treatment,
previous history of GI disorder as well as possi-
bly concomitant Heliobacter pylori infection [5].
Opioid abuse is a prominent manifestation of
the use of analgesics with potential risk in the
USA [6]. The USA has the highest consumption
of the opioids worldwide [7] and prescribes over
50 times more opioids, which has resulted in
addiction and death at an epidemic level [8].
With regards to opioid consumption, the aver-
age morphine equivalent (MEs) in China was
2.86 mg per capita in 2010 compared to 782 mg
per capita in the USA [9]. The regulations on the
administration of anesthetic drugs and psy-
chotropic drugs were issued by the Chinese
government in 2005 to ensure legitimate med-
ical use, and prevent illegal abuse of opioids.
Moreover, the National Health and Family
Planning Commission (NHFPC) of China laun-
ched the Good Pain Management (GPM) pro-
gram in 2011[10]. Despite these regulations,
there is a scarcity of studies on analgesics con-
sumption in China and some hospitals have
reported prescriptions of opioids (e.g., dezocine)
[11] and non-opioids (e.g., NSAIDs) that carry
enhanced risks of adverse events [12]. A multi-
center retrospective study initiated by pharma-
cists in 2009 investigated the utilization of
analgesics in 51 general hospitals nationwide,
and found a large proportion of patients with
overdose of patient-controlled analgesic (PCA)
pump containing a variety of formulations,

A\ Adis



Adv Ther (2022) 39:441-454

443

NSAIDs mixed with antiemetics and opioids
[13].

Utilization of analgesics may lead to poten-
tial risks, increase the incidence of analgesics-
related adverse events, impair patients’ recov-
ery, and increase medical cost [14]. There are
numerous reasons that can lead one to prescribe
an analgesic that may pose a risk to the patient.
As a result of the availability of various anal-
gesics, including in different dosage forms (such
as oral, injection, topical, and other forms) and
different formulas (single preparation, com-
pound preparation), duplication of doses or
overdose can easily occur. On the other hand,
surgical patients often suffer from comorbid
diseases such as hypertension and diabetes, and
during the perioperative period often require a
combination of anticoagulants, antibiotics, and
other drugs, which often generate adverse
drug-drug interactions or increase the risk of
adverse drug events. Given the reality of com-
plicated perioperative medication, clinical
pharmacists, a newly introduced role of phar-
macist in China, who master the professional
knowledge of drug utilization and participate in
the therapeutic management of clinical
patients, can play a professional role in pro-
moting the safer prescription of drugs (includ-
ing analgesics).

Hitherto, two important ways have been
devised to improve efficient drug prescription
patterns, mainly prescription comment and
prescription review. A prescription review sys-
tem wusually identifies prescriptions with
potential analgesic risk which includes high
analgesic dose, co-prescribing of analgesic with
other medications (or exceeding a specified
duration of concurrent use), overlapping anal-
gesic prescriptions, use of long-acting prescrip-
tion analgesic formulations for acute pain, and
early prescription refills. It aids in continuous
improvement of the quality of medical care and
the management of clinical application of drugs
in hospitals. In 2010, the Ministry of Health
initiated the “Management Standards for
Hospital Prescription Comment (Trial)” [15] to
standardize the process of hospital prescription
comment. Prescription comment is a compre-
hensive retrospective evaluation on the stan-
dardization of prescriptions, drug indications,

and contraindications, drug selection, route of
administration, usage and dosage, and drug
interactions, in accordance with relevant regu-
lations and technical specifications for stan-
dardized prescription writing and the rational
use of drugs. As a standard practice, the hospital
prescription evaluation team randomly reviews
prescriptions according to a prescribed sam-
pling method, and makes comments on emer-
gency  prescriptions [15]. However, as
prescription comment is a post-event, it cannot
provide real-time feedback or intervene before
drug administration. Furthermore, it depends
on manual evaluation by pharmacists which
consumes a lot of time; thus, prescription
comment can only be assessed in a limited
sample. The National Health Commission and
two other departments jointly formulated the
“Prescription Review Specification for Medical
Institutions” [15] on June 29, 2018 which rec-
ommended that all prescriptions should be
reviewed and approved by pharmacists before
the dispensing process. Considering the massive
number of prescriptions issued in outpatient
and inpatient settings, a faster and more effi-
cient approach is indispensable to conduct the
prescription review.

To meet the demand for real-time prescrip-
tion review, a prospective prescription review
system is currently used to assist pharmacists.
Pharmacists set the prescription review rules
which are embedded into the hospital infor-
mation system. The review rules mainly refer to
drug specifications, laws and regulations, clini-
cal treatment guidelines, clinical pathways,
national prescription set, etc. When physicians
submit electronic prescriptions, the review sys-
tem conducts real-time and rapid prescription
review to intercept the prescriptions with
potential risks according to the review rules. If
the prescription passes all the review rules, it
will enter the dispensing process. If it does not
comply, e.g., risk of overdose or contraindica-
tion, alerts will be immediately displayed and
accordingly the physician must revise or cancel
the prescription. For prescriptions which seem
“uncertain” or are deemed of potential risk, e.g.,
potential drug-drug interaction, the prescrip-
tions will be cleared only after pharmacists’
review. The pharmacist will review the
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“uncertain” prescriptions with potential risk,
and either approve or reject and request revi-
sion, on the basis of their expertise of medica-
tion as well as the patients’ medical and
treatment status (Fig. 1). In this manner, the
pharmacists could intercept a prescription with
potential risk before drug dispensing, and
reduce the misuse of drugs.

Previously published studies showed that
implementation of a prospective prescription
review system significantly reduced the occur-
rence of prescriptions with potential risk in the
outpatient setting, reduced the cost of pre-
scription drugs, and improved patient satisfac-
tion [16-19]. To date, most general hospitals in
China have realized the importance of
prospective prescription review for outpatient
prescriptions; however, as a result of technical
difficulties, the rate of awareness of prospective
prescription review for inpatient prescriptions
remains low. Moreover, no study has evaluated
a prospective prescription review system among
hospitalized patients.

Nanjing Drum Tower Hospital, one of the
largest tertiary hospitals in eastern China,
where more than 48,000 surgeries are

performed per year (most of the surgeries come
from spinal surgery and general surgery
departments), launched a prescription review
system (iPHARMACARE) in June 2018, which
provides a real-time, comprehensive prescrip-
tion review for the entire sample of outpatients
and inpatients at the hospital.

Previous investigations have shown that
patients in spinal surgery and general surgery
departments may suffer from severe pain and
need a large dose of analgesics. Thus, taking the
samples from two wards of spinal surgery and
general surgery departments before and after
the implementation of the prospective pre-
scription review system, this study analyzed the
changes in prescription management, including
the proportion of prescriptions of analgesics
with potential risk, types of prescriptions with
potential risk, use of concomitant medications
to manage adverse events related to analgesics,
as well as clinical outcomes and medical costs.

Prescription Review Rules Setting

Drug Laws, Clinical
specifications regulations guidelines

National
prescription
set

Expert consensus,
literature reports:

J

Prospective Prescription

Doctor submit prescriptions _ Review System
» | Dispensin
A Pass all rules y Pp 9
rocess
| Manual | Request
= , ) ;
Uncertain inappropriate e ——

Intercept

1| Confirmed inappropriate

Reject

Fig. 1 Flow diagram of the prospective prescription review system
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METHODS

Study Design and Data Sources

This single-center, real-world study was con-
ducted retrospectively at Drum Tower Hospital,
Nanjing, and approved by the Institutional
Review Board of Nanjing Drum Tower Hospital
(Approval number 2019-264-01). The study
research period was designed according to the
management time process of pharmacists in the
hospital and was analyzed before and after
prescription review system implementation.
Data were collected from the medical records of
patients over two time periods: before prescrip-
tion review system implementation (from June
2016 to May 2017) and after system imple-
mentation (from June 2018 to May 2019). The
medical data included information related to
demographics, diagnosis, prescription patterns,
laboratory examinations, duration of operation,
and detailed medical expenses. On the basis of
the objective of the study, prescriptions of the
patients hospitalized for spinal surgery and
general surgery were assessed for use of anal-
gesics with potential risk and other clinical
outcomes. Patients admitted to the departments
of spinal surgery and general surgery of Drum
Tower Hospital from June 2016 to May 2017
and June 2018 to May 2019 for inpatient sur-
gery were selected at the initial step and then
those who were prescribed analgesics after
operation were finally included. Patients were
excluded if they underwent one day surgery and
minimally invasive surgery or if the patients
had an admission time less than 48 h.

Study Variables

Analgesic prescribing with potential risk was
defined as inadequate, continued, or excessive
prescribing and that potentially poses high risks
of morbidity and mortality [20]. These pre-
scriptions were considered of potential risk
which included either high analgesic dose, co-
prescribing of analgesic with other medications,
overlapping analgesic prescriptions, use of long-
acting prescription analgesic formulations for
acute pain, and early prescription refills. The

primary outcome variable evaluated was the
proportion of prescriptions of analgesics with
potential risk. The secondary outcome variables
were types of prescriptions with potential risk,
use of concomitant medications to manage
adverse events related to analgesics, clinical
outcomes (length of stay at hospital, readmis-
sion rates within 30 days of discharge), and
medical costs (medication and medical devices,
such as PCA pump, related to pain
management).

The outcome variables were defined as
follows:

Proportion of prescriptions of analgesics
with potential risk: the proportion of analgesia
prescriptions with potential risk in patients’
perioperative analgesia prescriptions was repro-
grammed and run on the basis of the latest
version of review rules (the prescriptions were
identified from the prescription data in the
health information system (HIS), and the pre-
scription review rules were provided by Drum
Tower Hospital).

Types of prescriptions with potential risk:
prescription review rules according to the Drum
Tower Hospital, to classify the reasons for pre-
scriptions with potential risk, including the
improper selection of drugs, incorrect or exces-
sive drug dosage, improper combination of
analgesics with other concomitant drugs,
incorrect route of drug administration (pre-
scription recognition from the prescription data
in HIS, prescription review rules provided by the
Drum Tower Hospital).

Use of concomitant medications to manage
adverse events related to analgesics: informa-
tion related to opioid-related events: antiemet-
ics and cathartics; NSAIDs-related events; gastric
antisecretory agents.

Length of stay at hospital: discharge
time-admission time in days, discharge time
and admission time are identified from HIS visit
data.

Readmission rates within 30 days of dis-
charge: proportion of all-cause orthopedic/gen-
eral surgical readmissions within 30 days of the
first hospitalization (identified from HIS visit
data).

Medical costs (medication and medical
devices, such as PCA pump, related to pain
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management): Patients with analgesic drug
costs (i.e., when the prescription of analgesic
drugs during hospitalization expenses, exclud-
ing PCA pump cost, cost of recognition from
HIS data) and prevention drug costs of opioid/
NSAIDs-related adverse events (i.e., the time
when the patient is in the hospital and pre-
scribed antiemetics, cathartics, gastric antise-
cretory agents, identified from the HIS data).

Drug dose: total dose of each analgesic drug
used at the time of hospitalization (identified
from prescription data in HIS).

For the drug dose calculation, the doses of
different opioids were converted to oral mor-
phine equivalent (OME), while for the dose of
acetaminophen, the dose of propacetamol was
converted into acetaminophen (conversion
factor:  propacetamol 1 g = acetaminophen
0.5g).

Statistical Analysis

In this study, propensity score matching (PSM)
was used to adjust for significant differences in
patient characteristics and reduce the influence
of possible confounding factors. For the method
of PSM, a logistic regression model was calcu-
lated with the covariate variables (age, gender,
smoking/drinking history, BMI, comorbidities,
concomitant medication, type of surgery, ward,
and type of medical insurance) to obtain the
scores. After estimating propensity scores, 1:1
nearest-neighbor matching without replace-
ment was performed with a caliper of width
equal to 0.02. The difference of potential con-
founding variables with P value of less than 0.05
was considered to be statistically significant for
each test before and after PSM.

For other clinical outcomes, quantitative
data were analyzed using number of patients
(n), mean, standard deviation (SD), minimum
(min), maximum (max), median (MED), upper
quartile (Q1), and lower quartile (Q3). Contin-
uous variables included age and were compared
using independent sample ftest as data was
normally distributed and expressed as
mean + standard deviation (SD). The number
of days in hospital had a skewed distribution
and hence was expressed as median (IQR). The

categorical variables were summarized using
frequency and percentage. When 20% of the
lattice frequency was less than 5, Fisher’s exact
test was used, and chi-square test was used for
determination of remaining parameters.
Cochran-Mantel-Haenszel’s chi-square test and
logistic regression analysis were used to analyze
the influence of prescription management and
other factors.

RESULTS

Demographic and Baseline Characteristics

A total of 28,150 inpatients were included for
the study analysis out of which 12,787 patients
were enrolled before prescription review system
implementation and 15,363 patients after pre-
scription review system. The mean age of the
overall population was 51.27 £+ 18.25 years
with 49.2% of male patients. About 44.3% of
the inpatients had spinal surgery while 55.7% of
the patients had undergone general surgery
(Table 1). After adjustment for the demographic
variables by PSM analysis, the baseline charac-
teristics before and after implementation of the
prescription review system were found to be
comparable. There were no significant differ-
ences in age, gender, history of disease compli-
cations, site of surgery, and surgical department
between before and after prescription review
system implementation.

Incidence of Prescriptions of Analgesics
with Potential Risk

The proportion of prescription of analgesics
with potential risk after prescription review
system implementation was significantly
reduced (6.3% vs 26.1%, P < 0.05) (Table 2).
The most common use of analgesic prescrip-
tions with potential risk before the prescription
review system were found to be flurbiprofen
axetil prescriptions (n = 8612, 22.0%), which
was significantly decreased (n = 1251, 3.08%;
P <0.001) after the implementation of the
prescription review system.
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Before system After system P value

Total

Before system After system P value

Total

implementation

implementation

implementation

implementation

Surgical site, 7 (%)

0.833

4411 (34.9%)

4428 (35.1%)

8839 (35%)

0.033

3003 (19.5%)

2631 (20.6%)

5634 (20.0%)

Gastrointestinal

tract

8211 (65.1%)

8194 (64.9%)

16,405 (65%)

22,516 10,156 (79.4%) 12,360 (80.5%)

Non-

(80.0%)

gastrointestinal

tract

SD standard deviation

Incorrect or excessive dosage (N = 7899,
20.2%) and improper combination of analgesics
(N = 2235, 5.7%) were identified as the two
most common types of prescriptions with
potential risk of analgesics before the prescrip-
tion review system implementation. The pre-
scriptions of incorrect or excessive dosage of
analgesics were intercepted after the imple-
mentation of the prospective prescription
review system, with a significant decrease in the
proportion of incorrect or excessive dosage
(N =221, 0.5%). Improper combination of
analgesics (N = 2283, 5.6%) was identified as
the most common type of analgesic prescrip-
tion with potential risk after the system imple-
mentation. Improper combination of analgesics
was defined as when any two analgesics which
should not be prescribed in combination were
prescribed on the same day. Here we observed
that several prescriptions for sequential treat-
ment were identified as “uncertain”. These pre-
scriptions were approved after pharmacists’
review, whereas “confirmed” improper combi-
nation of analgesics, such as prescribing two
kinds of NSAIDs at the same time, were rejected.

Trends in Analgesic Prescriptions Among
Inpatients

A significant decreasing trend was observed in
the proportion of patients prescribed opioids
(24.3% vs 27.5%, P <0. 001) and tramadol
(4.7% vs 12.1%, P < 0.001) (Table 3) after the
prescription review system implementation.
After conversion to OME, the mean dose of
opioids (326.88 £ 781.18 mg Vs
246.35 + 2618.22mg, P =0.085) increased,
though this difference was not statistically sig-
nificant (Supplementary Table 1), while the
mean dose of tramadol significantly decreased
(294.03 £ 501.31mg vs 503.57 £ 502.65 mg,
P <0.001). Meanwhile, the proportion of
patients with non-opioids, i.e., acetaminophen
(10.9% vs 9.5%, P < 0.001) and NSAIDs (88.9%
vs 87.1%, P < 0.001) prescriptions increased
significantly. There was a decrease in the mean
dose of acetaminophen (7790.75 £ 8306.08 mg
vs 8363.28 + 6453.1 mg, P = 0.05) after system
implementation. The mean dose of two
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Table 2 Proportion of prescription of analgesics with potential risk among inpatients before and after prescription review

system implementation

Before system After system P value
implementation implementation
Total number of prescriptions (N) 39,082 40,566
Number of prescriptions with potential risk (%) 10,206 (26.1%) 2540 (6.3%) < 0.05
Number of prescriptions with potential risk of 8612 (22.0%) 1251 (3.08%) < 0.001

flurbiprofen axetil (%)

common NSAIDs, flurbiprofen axetil
(605.29 £ 541.02mg vs 900.86 + 796.55 mg,
P <0.001) and parecoxib (261.9 £ 277.73 mg
vs 271.08 £ 248.06 mg, P =0.093), also
decreased; however, the difference in parecoxib
was not statistically significant.

Use of Concomitant Medications
to Manage Adverse Events Related
to Analgesics

There was a significant decrease in prescription
of antiemetics (21.8% vs 34.1%, P < 0.001) and

cathartics (38.4% vs 50.6%, P < 0.001) which
were used in the management (prophylaxis
and/or treatment) of opioid-related adverse
events such as nausea, vomiting, and constipa-
tion (Table 2). Furthermore, it was observed that
durations of treatment with antiemetics
(2.17 £ 2.25 days Vs 2.78 £+ 3.01 days,
P <0.001) and cathartics (1.78 + 1.73 days vs
2.20 + 2.42 days, P < 0.001) were significantly
reduced after prescription review system
implementation (Supplementary Table 2).
Meanwhile, there was a significant increase
in prescription of gastric antisecretory agents

Table 3 Comparison of the analgesics prescriptions, concomitant drugs prescribed post consumption of opioids and

NSAIDS among inpatients before and after prescription review system implementation

Before system implementation After system implementation P value
Number of patients (V) 12,622 12,622
Opioid (1, %) 3467 (27.5%) 3069 (24.3%) < 0.001
NSAIDs (1, %) 11,000 (87.1%) 11,224 (88.9%) < 0.001
Acetaminophen (7, %) 1195 (9.5%) 1376 (10.9%) < 0.001
Tramadol (2, %) 1529 (12.1%) 592 (4.7%) < 0.001
Drug used after opioids
Number of patients (N) 3467 3069
Antiemesis 1182 (34.1%) 668 (21.8%) < 0.001
Cathartics 1753 (50.6%) 1179 (38.4%) < 0.001
Opioid receptor antagonist 1 (0%) 0 (0%) 1
Drugs used after NSAIDS
Number of patients (V) 11,000 11,224
Gastric antisecretory agent 6531 (59.4%) 8232 (73.3%) < 0.001
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(73.3% vs 59.4%, P < 0.001) after prescription
review system implementation. These gastric
antisecretory agents mainly were prescribed on
the same day of NSAIDs prescriptions (97.3% vs
88.7%, P < 0.001). However, the treatment
durations of gastric antisecretory agents showed
no significant difference (5.13 £+ 5.23 days vs
5.01 + 5.05 days, P = 0.18).

Changes in Clinical Outcomes

The length of stay in hospital was shortened
significantly [median (Q1, Q3) 10 (6, 17) days vs
11 (7,18) days, P < 0.01)], with no significant
difference in all-cause readmission rates among
inpatients within 30 days after discharge (1.0%
vs 0.8%, P =0.099) after prescription review
system implementation (Table 4).

Costs Related to Pain Management

The mean cost of commonly prescribed anal-
gesics showed a significant reduction after pre-
scription review system implementation as
follows: opioids (mean + SD, ¥ 415.67 + 735.63
vs ¥512.26 +£ 932.23, P <0.01), NSAIDs
(¥731.46 + 686.68 vs  ¥970.83 £+ 875.87,
P < 0.01), acetaminophen (¥ 422.62 + 567.45vs
¥ 745.92 + 637.76, P <0.01), and tramadol
(¥18.7 £ 21.37 vs ¥28.59 £ 21.55, P <0.01)
(Supplementary Table 3).

An additional analysis was done to evaluate
the cost associated with the management of
analgesic-related adverse events. The mean

healthcare expenditure reduced in the case of
antiemetics (mean + SD, ¥62.68 + 56.94 vs
¥229.22 + 287.35, P<0.01) and gastric
antisecretory agents (¥433.13 £ 683.75 s
¥724.52 + 863.84, P < 0.01) after prescription
review system implementation while expendi-
ture related to consumption of catharsis
(¥37.9 £53.31 vs ¥17.14 £ 59.78, P < 0.001)
significantly increased (Supplementary Table 4).

DISCUSSION

Lack of adequate assessment and inadequate
treatment remain the major factors affecting
undertreatment of pain. There is ample evi-
dence that the proper analgesics use, i.e., taking
the right drug(s) at the right intervals, can pro-
vide effective pain relief for the majority of
patients [21]. Usually, formal medication
reviews and deprescribing are considered time
and resource intensive, and they are undertaken
infrequently in clinical practice for several rea-
sons. There may be underappreciation of the
risks of polypharmacy, clinical inertia, limited
pharmacology knowledge or self-confidence in
deprescribing, or limited time and information
about the particulars of individual patients.
Prescribing drugs involves weighing up the
benefits and risks; careful decision-making is
needed to improve their safe use. The potential
for these barriers can be overcome by an online
prospective prescription review system aimed at
reducing adverse events and improving patient
safety.

Table 4 Comparison of length of stay at hospital and all-cause spinal/general surgery readmission rates (within 30 days
after discharge) among inpatients before and after prescription review system implementation

Before system After system P value
implementation implementation
Number of patients (V) 12,622 12,622
Number of days in hospital, median (Q1, Q3) 11 (7, 18) 10 (6, 17) < 0.001
Total spinal/general surgery readmission rate within 103 (0.8%) 129 (1.0%) 0.099

30 days after discharge

Q1 upper quartile, Q3 lower quartile
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In this study, we evaluated the effectiveness
of a prospective prescription review system on
the use of analgesics, clinical outcomes, and
medical costs in hospitalized patients undergo-
ing surgery. A national drug trend utilization
analysis in China at 793 hospitals from 2013 to
2018 reported that the annual clinical drug
dosage of NSAIDs increased by about 0.6 times
whereas it was more than double for opioids
[22]. Therefore, it is imperative to develop a
rational guideline for safe use of analgesics.
Moreover, a cross-sectional study in Australia
revealed that after implementation of a policy
to reduce prescriptions with potential risk, the
overall dispensing of alprazolam decreased by
51.2% and prescribing approvals increased by
17.5% [23]. Similarly, following implementa-
tion of the prospective prescription review sys-
tem at Drum Tower Hospital, China, the use of
analgesic prescriptions with potential risk
reduced from 26.1% to 6.3%, with a significant
decrease in the proportion of prescriptions for
opioid analgesics, accompanied by a moderate
increase in non-opioids. Besides, the mean dose
of opioid slightly increased. There was a
decreasing trend in the proportion of
antiemetics and cathartics which were used in
the management of opioid-related adverse
events. These findings were consistent with
other published studies which reported that
establishment of a drug utilization review
(DUR) reduced the incidence rate of prescrip-
tions with potential risk [24-27].

NSAIDs are considered to be the most com-
monly prescribed drugs for the management
[28] of pain and inflammation, and this was also
reflected in our study. However, NSAIDs are
associated with gastrointestinal toxicity that
limits their clinical use. In our study, despite the
implementation of the prescription review sys-
tem, there was an increase in the use of NSAIDs
as well as gastro antisecretory agents. Further-
more, most gastric antisecretory agent pre-
scriptions were prescribed on the same day as
NSAIDs prescriptions, suggesting that surgeons
may have paid more attention to the adverse
drug events caused by NSAIDs and took early
prophylaxis after prescription review system
implementation. Several factors have con-
tributed to opioid overprescribing including

emphasis on chronic pain, and ties to reim-
bursement resulting in repeated use and addic-
tion among patients [8]. In our study, we
observed that there was a decrease in the pre-
scription of opioid-related analgesics post
adoption of the prescription review system.
These findings were similar to a systematic lit-
erature review which addressed a positive asso-
ciation in reduction of opioid-related adverse
events owing to prescription drug monitoring
programs [29]. Another study reported a 24%
change in more efficient prescribing of thera-
peutic agents with the DUR system [26]. Thus,
reviewing of prescription analgesics in real time
can reduce the prescription of drugs with
potential risk and improve the quality of life of
the patient.

Usually, flurbiprofen axetil is associated with
a decrease in renal function. Recently, a retro-
spective data analysis of 9915 cases reported
that there is a dose-dependent effect of flur-
biprofen axetil on postoperative acute kidney
injury and low dose may effectively reduce the
impact [30]. In line with these findings, in our
study the flurbiprofen axetil prescriptions were
significantly decreased from 22.0% to 7.3% after
the implementation of the prescription review
system which may be attributed to renal-related
side effects postoperatively.

Studies have shown that pharmacist-led
prescription review leads to reduced hospital-
ization stay [31] and decreased readmission
rates from 14.64% to 12.58% [32]. These find-
ings were similar to our study where there was a
significant shorter duration of hospitalization
without significant increase in readmission
rates. A survey among physicians and pharma-
cists on real-time monitoring of drug utilization
reported 71% satisfaction with the use of this
system. However, physicians often tend to
ignore the important alerts leading to change in
prescriptions and medications-related errors
[33]. This necessitates an increased awareness
and stringent guidelines for monitoring of drug
prescriptions in real time as it captures varia-
tions in patterns of prescribing and consump-
tion of drugs, reduces concern about delayed
adverse effects along with cost of drugs and
volume of prescription [34].
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Limitations

To the best of our knowledge, our study is the
first to evaluate the effect of a prescription
review system on incidence of analgesic pre-
scriptions with potential risk, clinical outcomes,
and healthcare expenditure. However, there are
some limitations in the study as well with the
use of the prospective prescription review sys-
tem. Firstly, the system can only review the
prescriptions prescribed by surgeons in the
wards (it is unrealistic to review the prescrip-
tions during operations); thus, this study can
only reflect in part of the whole picture of how
analgesics are used in the real world. Secondly,
this study evaluated the effect of the prospective
prescription review system on the safe use of
analgesics, clinical outcomes, and medical
costs. However, as a result of a lack of electronic
data on pain score, the effect of the prescription
review system on the postoperative analgesic
effect could not be evaluated. Thirdly, the
decision to use analgesic prescriptions with
potential risk depends on many factors such as
patient history of disease, previous and current
medication, laboratory and imaging examina-
tions; thus, it is difficult to judge accurately the
effective use of prescription only through the
prospective prescription review system. More-
over, with the invention of new drugs and new
understanding of old drugs, the rules in the
system need to be inspected regularly and
upgraded in a timely manner. Therefore, it is
necessary to carry out prescription review in
combination with comprehensive prescription
comment by pharmacists, to identify potential
problems and provide suggestions for continu-
ing quality improvement of appropriate drug
use.

CONCLUSION

The introduction of the prescription review
system was associated with safer prescribing,
including a reduction in prescriptions of anal-
gesics with potential risk and necessity of con-
comitant medication to manage analgesics-
related adverse events, which resulted in better
clinical outcomes and cost saving. Further

studies are needed to evaluate the long-term
effects of the prescription review system in
China.
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