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ABSTRACT

Objective To determine the rate of outpatient
antimicrobial use and the rationale for antimicrobial
prescription.

Design A prospective, multicentre, cross-sectional study.
Setting Ambulatory care settings at community general
hospitals.

Participants A total of 1972 consecutive ambulatory
visits by 1952 patients were included from 2 February
2020 to 13 February 2020. Visits resulting in hospital
admission and regularly scheduled visits were excluded.
Main outcome measures The primary outcome was the
proportion of ambulatory visits resulting in antimicrobial
drug prescriptions. The secondary outcomes were the
reasons for antimicrobial drug prescription and the
proportion of unnecessary antimicrobial prescriptions
among all antimicrobial drugs used for treatment.
Results The mean patient age was 53.8 (SD 25.8)

years old, and the proportion of women was 52.6%. A
total of 162 antimicrobial drugs were prescribed in 153
(7.8%) visits. The most common antimicrobial drugs were
penicillins (n=48, 29.6%), followed by third-generation
cephalosporins (n=35, 21.6%) and quinolones (n=20,
12.4%). Among all the antimicrobial drugs prescribed,
125 (77.2%), 18 (11.1%) and 11 (6.8%) were used for
infection treatment, wound prophylaxis and surgical
prophylaxis, respectively. Of the 125 antimicrobial drugs
used for infection treatment, 60 (48.0%) were judged to be
unnecessary.

Conclusions One in every 13 ambulatory visits resulted
in antimicrobial use in Japan. Three-fourths of the
prescribed antimicrobial drugs were used for infection
treatment, but approximately half of those drugs may have
been unnecessary. Further efforts to reduce unnecessary
antimicrobial drug use are needed.

Trial registration number UMIN000039360.

INTRODUCTION

Antimicrobial-resistant bacterial infections
have been increasing' and have become
a global concern. Infections caused by
antimicrobial-resistant bacteria are associ-
ated with an increased risk of mortality and

,' Masaki Kobayashi,? Takahiro Mori®

Strengths and limitations of this study

» This is the first multicentre study in Japan to inves-
tigate the rationale for antimicrobial use in an out-
patient setting.

» Diagnosis and reasons for antimicrobial drug use
were determined based on chart reviews rather than
diagnostic codes.

» The inclusion of only three hospitals limited the gen-
eralisability of our findings to other hospitals.

» The rationale for antimicrobial drug use might be in-
accurate because the physicians who prescribed the
antimicrobial drugs were not contacted.

increased economic burdens.”” One of the
main drivers for the increase in antimicrobial-
resistant bacterial infections is antimicrobial
drug use.* In 2015, the WHO launched the
global action plan to combat antimicrobial-
resistant bacterial infections,5 and a national
action plan was launched by the government
of Japan in 2016.°

Given that most antimicrobial drugs are
prescribed in ambulatory settings,” reducing
unnecessary antimicrobial drug prescriptions
in ambulatory settings is essential to reduce
the rate of antimicrobial-resistant bacte-
rial infections. Nonetheless, inappropriate
antimicrobial drug use is common. Recent
studies have reported that 20%-40% of
outpatient antimicrobial drug prescriptions
are unnecessary.” "’ However, few studies
analysing recent data after the launch of the
WHO?’s action plan have been conducted to
investigate the appropriateness of outpatient
antimicrobial drug wuse. Therefore, more
recent information on outpatient antimicro-
bial drug use is needed. Furthermore, recent
studies®™” have used diagnostic codes to iden-
tify infectious diseases that are being treated
with antimicrobial drugs. Given that the

BM)

Komagamine J, et al. BMJ Open 2020;10:6039329. doi:10.1136/bmjopen-2020-039329 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-5899-4760
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-039329&domain=pdf&date_stamp=2020-08-24

accuracy of physicians’ diagnoses'' or diagnostic codes'
for infectious diseases have been reported to be limited
in past studies, the methods to assess the appropriateness
of antimicrobial drug use by using diagnostic codes may
be suboptimal. In addition, antimicrobial drug use for
prophylaxis and non-infectious reasons was not consid-
ered in most studies.*'’ Given that inappropriate antimi-
crobial drug use for prophylaxis is common in in-hospital
settings,13 it is important to determine the proportion of
prophylactic use of antimicrobial drugs in an ambulatory
setting. Thus, a prospective multicentre cross-sectional
study was conducted to investigate the rationale and
appropriateness of outpatient antimicrobial drug use by
using medical chart reviews.

METHODS
Study setting and design
Japan has a universal health insurance system that was
introduced in 1961. Most of the residents in Japan are
enrolled in either the Employees’ Health Insurance,
National Health Insurance, or Later Elders’ Health Insur-
ance. Under these health insurance systems, the copay-
ment rate for patients varies from 10% to 30% depending
on several factors, such as the enrollees’ income and the
combination of other insurance plans. The Japanese
healthcare system has a unique feature that people can
choose any healthcare facility regardless of the severity
of their disease.'* For example, patients with common
cold symptoms can freely visit secondary or tertiary care
hospitals without a referral from a primary care physi-
cian. Therefore, primary care physicians in clinics do
not strictly serve as gatekeepers to coordinate patient
care, and physicians in hospitals often provide primary
care in Japan. Hospital-based outpatient care accounts
for approximately 30% of all outpatient visits for medical
reasons in ‘]apan.]5

A prospective, cross-sectional study was conducted
at the National Hospital Organization (NHO) Tokyo
Medical Center (a 740-bed community care hospital)
from 2 February 2020 to 5 February 2020, the NHO
Nagasaki Medical Center (a 643-bed community care
hospital) from 2 February 2020 to 13 February 2020 and
the NHO Tochigi Medical Center (a 350-bed community
care hospital) from 2 February 2020 to 12 February 2020.
These are community general hospitals that provide
primary and secondary care for different regions of
Japan. The mean numbers of outpatient visits per day in
each hospital were approximately 1500 for NHO Tokyo
Medical Center, approximately 800 for NHO Nagasaki
Medical Center and approximately 600 for NHO Tochigi
Medical Center. These hospitals have antimicrobial stew-
ardship teams to monitor and improve inpatient antimi-
crobial drug use. However, there were no antimicrobial
stewardship interventions or guidelines for outpatient
antimicrobial drug use at the time of the present survey
in these hospitals.

The prevalence and appropriateness of antimicrobial
drug use in ambulatory settings in Japan were determined
by reviewing electronic medical records. This study was
registered in the University Hospital Medical Information
Network Clinical Registry on 1 February 2020.

Inclusion and exclusion criteria

All consecutive patients who visited any of the three
hospitals during the study period were included. Visits
that resulted in hospital admission were excluded. Visits
for only annual health checks and scheduled visits were
also excluded. If multiple unplanned visits for the same
reason occurred during the study period, only the first
visit was included. However, multiple unplanned or new
visits for different reasons during the study period were
evaluated separately.

Data collection
Physicians reviewed the electronic medical records
and retrieved information on patients’ age, sex, chief
complaints, presence of fever, use of antimicrobial drugs,
reasons for antimicrobial drug use and diagnosis. The
presence of fever was defined as a temperature of 38.0°C
or higher regardless of the measurement site. The name
and duration of antimicrobial drugs used were recorded.
Antimicrobial drugs were classified based on the WHO
Anatomical Therapeutic Chemical classification. Based
on a past study,'® the reasons for the use of each antimi-
crobial drug were initially recorded and classified into
the following five categories: infection treatment, medical
prophylaxis, surgical prophylaxis, a non-infectious reason,
or unknown. However, during the survey, prophylaxis
for wounds was added as an additional category because
whether antimicrobial drug use for uninfected wounds
should be classified into medical or surgical prophylaxis
was uncertain. For information on diagnoses, physicians’
diagnoses documented in medical charts were recorded.
If there was no documentation of the diagnosis in the
medical chart, we relied on the physician’s assigned Inter-
national Classification of Diseases and Related Health
Problems, 10th Revision (ICD-10) diagnostic code.
Collection of these data was performed by one inves-
tigator per hospital. Then, the first author determined
whether data were missing in the collected informa-
tion from the three hospitals. If the data were missing,
information on the missing data was recollected by the
investigator in charge of the investigated hospital. Assess-
ments of data accuracy by multiple investigators were not
performed. Approximately 4 hours is needed to collect
the data from 100 patients, although we did not investi-
gate the exact time needed to complete the survey.

Outcome measures

The primary outcome was the proportion of ambulatory
visits resulting in antimicrobial drug prescriptions. A visit
was considered to result in prescription of antimicrobial
drugs if a patient was prescribed any antimicrobial drug
on the day of visit. Oral, parenteral, intramuscular and
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inhaled antimicrobial drugs were included, but topical
antimicrobial drugs were excluded.

The secondary outcomes were the reasons for antimi-
crobial drug prescription and the proportion of unneces-
sary antimicrobial prescriptions for treatment considering
all antimicrobial drugs. For the latter outcome, we first
evaluated whether there was evidence for a physician’s
diagnosis of a target infectious disease because physi-
cians’ diagnoses'' or diagnostic codes'? are often inaccu-
rate. Then, whether antimicrobial drugs were indicated
for the target infectious disease was assessed by three
investigators based on clinical guidelines.'” ' Based on
these assessments, antimicrobial drugs were judged to be
unnecessary if there was insufficient evidence for a diag-
nosis or no indication of antimicrobial therapy for the
target infectious disease. If a documented reason existed
for antimicrobial drug use but the evidence available did
not support the rationale for its use, the antimicrobial
therapy was judged to be not indicated. Example cases in
which antimicrobial drugs were judged to be unnecessary
are shown in online supplementary table S1. These assess-
ments were performed by one investigator per hospital.

Statistical analysis

The baseline characteristics of the study population were
reported using descriptive statistics. The 95% CIs were
calculated for the primary and secondary outcomes. The
Excel statistical software package V.2.11 (Bell Curve for
Excel; Social Survey Research Information, Tokyo, Japan)
was used for the statistical analyses.

Patient and public involvement

No patients were involved in determining the research
question or outcome measures, nor were they involved in
developing plans to design or implement the study. No
patients were asked for advice during the interpretation
or reporting of the results. There are no plans to dissem-
inate the results of this research to the study participants
or the relevant patient community.

RESULTS

During the study period, a total of 1972 consecutive
ambulatory visits by 1952 patients were included (table 1
and online supplementary table S2). Of those, 367 visits
(18.7%) were emergency department visits. The mean
patient age was 53.8 (SD 25.8) years old, and the propor-
tion of women was 52.6%. Patients reported any symp-
toms in 1305 visits (66.2%) and reported fever in 129
visits (6.5%). The most common infectious disease diag-
nosis was the common cold (n=49, 2.5%), followed by
dental infections (n=37, 1.9%) and acute gastroenteritis
(n=27,1.4%).

A total of 162 antimicrobial drugs were prescribed in
153 (7.8%) visits (table 2 and online supplementary table
S3). Antimicrobial drugs prescribed by internal medicine
(n=38,23.5%), urology (n=22,13.6%), oral surgery (n=19,
11.7%) and paediatric (n=19, 11.7%) units accounted for

approximately 60% of all prescribed antimicrobial drugs.
Among 261 visits by patients aged less than 18 years, 32
visits (12.3%) resulted in the prescription of antimicro-
bial drugs, while antimicrobial drugs were prescribed in
54 (6.1%) of 883 visits by patients aged more or 65 years.
For respiratory tract infections, the rates of antimicrobial
drug prescriptions for common cold (n=49), acute phar-
yngitis (n=21), acute bronchitis (n=20), influenza (n=16)
and bacterial pneumonia (n=14) were 6.1%, 47.6%,
45.0%, 68.8% and 85.7%, respectively.

Of the 162 antimicrobial drugs, the most common anti-
microbial drugs were penicillins (n=48, 29.6%), followed
by third-generation cephalosporins (n=35, 21.6%) and
quinolones (n=20, 12.4%) (table 3). Of all the antimi-
crobial drugs, 125 (77.2%), 18 (11.1%), 11 (6.8%) and
4 (2.5%) were used for infection treatment, wound
prophylaxis, surgical prophylaxis and medical prophy-
laxis, respectively. Of the 125 antimicrobial drugs used
for infection treatment, the most common target infec-
tious disease was urinary tract infection (UTI) (n=20,
16.0%), followed by bacterial pneumonia (n=13, 10.4%),
acute pharyngitis (n=11, 8.8%), skin infections (n=11,
8.8%), influenza (n=11, 8.8%) and dental infections
(n=10, 8.0%) (table 4). These six infectious diseases
accounted for approximately 60% of all antimicrobial
drugs prescribed for infection treatment. Of the 29 anti-
microbial drugs used for wound or surgical prophylaxis,
the mean duration of antimicrobial drug use was 2.9 days
(SD 1.5). Among them, 16 antimicrobial drugs (55.2%)
were prescribed for more than 2 days.

Among the 125 target infectious diseases treated with
antimicrobial for infection treatment, evidence for the
diagnosis of 45 (36.0%) diseases was judged to be insuffi-
cient (table 5). Evidence for the diagnosis was insufficient
in 8 (40.0%) and 3 (23.1%) of the 20 UTI and 13 bacte-
rial pneumonia cases treated by antimicrobial drugs,
respectively. Of the 125 antimicrobial drugs used for
infection treatment, 60 (48.0%) were judged to be unnec-
essary. Among infectious diseases for which unnecessary
antimicrobial drugs were prescribed, the most common
infectious diseases were acute pharyngitis (n=9, 15.0%)
and acute bronchitis (n=9, 15.0%), followed by UTI (n=8,
6.4%).

DISCUSSION

Prevalence of and rationale for antimicrobial drug prescription
in the ambulatory care setting

The proportion of visits that resulted in the prescription
of antimicrobial drugs in this study was 7.8%, similar to
that reported in past studies.® ' '**’ In the present study,
approximately three-fifths of all prescribed antimicrobial
drugs were used for infection treatment, while approxi-
mately one-fifth of those were used for surgical, wound or
medical prophylaxis. Although few studies on the ratio-
nale of antimicrobial drug use in ambulatory settings have
ever been conducted, one retrospective cross-sectional
study'® reported that 6.2% of antimicrobial drugs
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Characteristics All (n=1972) Tokyo (n=637) Nagasaki (n=608) Tochigi (n=727)

Women 1038 (52.6) 364 (57.1) 314 (51.6) 360 (49.5)

Department

Otolaryngology 160 (8.1) 48 (7.5) 46 (7.6) 66 (9.1)

Oral surgery 139 (7.0) 29 (4.6) 0(0.0) 110 (15.1)

Surgery 129 (6.5) 42 (6.6) 48 (7.9) 39 (5.4)

Dermatology 117 (5.9) 23 (3.6) 25 (4.1) 69 (9.5)

Reasons for visit

Referral with symptoms 578 (29.3) 250 (39.3) 207 (34.1) 121 (16.6)

Other reasons 96 (4.9) 35 (5.5) 0(0.0) 61 (.

®
XS

Diagnosis

Traumatic wound 39 (2.0) 8(1.3) 17 (2.8) 14 (1.9)

Acute gastroenteritis 27 (1.4) 8(1.3) 11 (1.8) 8(1.1)

Acute bronchitis 20 (1.0) 4 (0.6) 3(0.5) 13 (1.8)

Fever unspecified 17 (0.9) 6 (0.9) 1(0.2) 10 (1.4)

Rhinitis 13 (0.7) 2(0.3) 1(0.2) 10 (1.4)

Skin infection 12 (0.6) 2(0.3) 1(0.2) 9(1.2)

Cough unspecified 6 (0.3) 2(0.3) 1(0.2) 3(0.4)

Genital infections 5(0.3) 1(0.2) 1(0.2) 3(0.4)

Acute sinusitis 4(0.2) 2 (0.3) 1(0.2) 1(0.1)

Non-suppurative otitis media 3(0.2) 1(0.2) 2 (0.9 0(0.0)

Acute prostatitis 2(0.1) 2 (0.3 0(0.0 0(0.0)

Other infections 53 (2.7) 19 (3.0) 17 (2.8) 17 (2.3)

*Values are expressed as the number and the percentage of the total number unless otherwise stated.
1Defined as 38.0°C or higher regardless of measurement site.
COPD, chronic obstructive pulmonary disease.;
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All (n=1972) Tokyo (n=637) Nagasaki (n=608) Tochigi (n=727)
Visits with Visits with Visits with Visits with
antimicrobial antimicrobial antimicrobial antimicrobial
Characteristics Total drugs Total drugs Total drugs Total drugs

Patient age (years)

18-64 828 67 (8.1) 317 26(8.2) 237 11 (4.6) 274 30(10.9)

Women 1038 68 (6.6) 364 22 (6.0) 314 14 (4.5) 360  32(8.9)

Department

Urology 116 22(19.0) 35  8(22.9) 25 0(0.0) 56 14 (25.0)

Paediatrics 135 19 (14.1) 7 0(0.0) 68 4(5.9) 60 15 (25.0)

Dermatology 117 15 (12.8) 23 3(13.0) 25 14.0) 69 11 (15.9)

Orthopaedics 157 8 (5.1) 56 4(7.1) 19 0(0.0) 82 4 (4.9)

Surgery 129 4(3.1) 42 0(0.0) 48  3(6.3) 39  1(25.6)

Common cold 49 3(6.1) 15 1(6.7) 18 1(5.6) 16 1(6.3)

Dental infection 37 12(32.4) 12 2(16.7) 0 NA 25 10 (40.0)

Acute pharyngitis 21 10(47.6) 6  3(50.0) 5  0(0.0) 10 7(70.0)

Urinary tract infection 19 19 (100.0) 7 7 (100.0) 3 3(100.0) 9 9 (100.0)

Influenza 16 11(68.9) 3 2(66.7) 6  3(50.0) 7 6(85.7)

Rhinitis 13 0(0.0) 2 0(0.0) 1 0(0.0) 10 0(0.0)

Exacerbation of asthma 10 1(10.0) 4 1(25.0) 3 0(0.0) 3 0(0.0)

Burn 6 0(0.0) 1 0(0.0) 1 0(0.0) 4 0(0.0)

Exacerbation of COPD 4 1 (25.0) 1 0(0.0) 2 0(0.0) 1 1(100.0)

Otitis externa 3 0(0.0) 0 NA 0 NA 3 NA

Acute otitis media 3 2 (66.7) 0 NA 2 1(50.0) 1 1 (100.0)
Continued
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Table 2 Continued

All (n=1972) Tokyo (n=637) Nagasaki (n=608) Tochigi (n=727)
Visits with Visits with Visits with Visits with
antimicrobial antimicrobial antimicrobial antimicrobial
Characteristics Total drugs Total drugs Total drugs Total drugs
Acne 2 1 (50.0) 0 NA 1 0 (0.0) 1 1(100.0)

*Values are expressed as the number and the percentage of the total number unless otherwise stated.

COPD, chronic obstructive pulmonary disease; NA, not applicable.

prescribed in ambulatory settings were used for prophy-
laxis. Therefore, the prevalence of prophylactic use of
antimicrobial drugs in this study seems high. However,
our findings may support that 20%—40% of antimicro-
bial drugs prescribed in the ambulatory setting could not
be linked to diagnostic codes for infectious diseases in
recent studies” ' %! investigating antimicrobial drug use
because antimicrobial drugs used for prophylaxis were
not considered in these studies.” '”*"*' Further studies are
needed to investigate the prevalence and appropriateness
of antimicrobial drug use for prophylaxis in ambulatory
settings.

Types and prescribers of antimicrobial drugs

Our findings are with those
122 sutside Japan that reported penicillin was the
most frequently used antimicrobial drug, although third-
generation cephalosporins were more frequently used in
the present study than in past studies.”’ ** However, our

consistent in past

studies

finding is not consistent with those of recent Japanese

. 9093
studies? 2

reporting that penicillin was not included in
the top three most frequently used antimicrobial drugs.
These Japanese studies, unlike our study, used data

collected before the launch of the Japanese national

Table 3 Types of the 162 antimicrobial drugs prescribed at ambulatory visits*

All Tokyo Nagasaki Tochigi
Type (n=162) (n=46) (n=34) (n=82)
Penicillins 48 (29.6) 8(17.4) 11 (32.4) 29 (35.4)
Amoxicillin 28 (17.3) 4(8.7) 4 (11.8) 20 (24.4)
Amoxicillin-clavulanate 9 (11.7) 4 (8.7) 7 (20.6) 8(9.8)
Ampicillin-sulbactam 1(0.6) 0(0.0) 0 (0.0) 1(1.2)
Third-generation cephalosporins 35 (21.6) 7 (15.2) 6 (17.6) 22 (26.8)
Cefcapene pivoxil 18 (11.1) 2 (4.3 4(11.8) 12 (14.6)
Cefditoren pivoxil 10 (6.2) 0 (0.0) 0(0.0) 10 (12.2)
Ceftriaxone 4 (2.5) 4 (8.7) 0(0.0) 0(0.0)
Cefdinir 3(1.9 1(2.2) 2 (5.9) 0 (0.0
Quinolones 20 (12.4) 11 (23.9) 5(14.7) 4(4.9)
Levofloxacin 5(9.3) 9(19.6) 3(8.8) 3(3.7)
Garenoxacin 4 (2.5) 2(4.3) 2 (5.9) 0(0.0)
Sitafloxacin 1(0.6) 0 (0.0 0 (0.0) 1(1.2)
Macrolides 18 (11.1) 5(10.9) 0 (0.0 13 (15.9)
Clarithromycin 9 (5.6) 3 (6.5) 0 (0.0) 6 (7.3)
Azithromycin 5(3.1) 2(4.3) 0 (0.0) 3(3.7)
Roxithromycin 4 (2.5) 0 (0.0) 0 (0.0) 4 (4.9)
Antivirals 15 (9.3) 4(8.7) 4 (11.8) 7 (8.5)
Oseltamivir 10 (6.2) 3 (6.5) 1(2.9) 6 (7.3)
Valacyclovir 3(1.9) 1(2.2) 1(2.9) 1(1.2
Laninamivir 2(1.2) 0 (0.0 2 (5.9) 0 (0.0)
Others 10 (6.2) 4 (8.7) 1(2.9) 5(6.1)
*Values are the number of antimicrobial drugs, with the percentage of the total number of antimicrobial drugs in parentheses according to the
site.
6 Komagamine J, et al. BMJ Open 2020;10:€039329. doi:10.1136/bmjopen-2020-039329



Table 4 The reasons for antimicrobial use by survey site*

Total Tokyo Nagasaki Tochigi

Reasons (n=162) (n=46) (n=34) (n=82)
Treatment 125 (77.2) 35 (76.1) 19 (55.9) 71 (86.6)
Prophylaxis

Surgical prophylaxis 11 (6.8) 4 (8.7) 3(8.8) 4(4.9)

Wound prophylaxis 18 (11.1) 2 (4.3) 10 (29.4) 6 (7.3)

Medical prophylaxis 4 (2.5) 4 (8.7) 0 (0.0) 0 (0.0)
Non-infectious reasons 1(0.6) 0 (0.0) 0(0.0) 1(1.2
Unknown reasons 3(1.9) 1(2.2) 2 (5.9) 0(0.0)

*Values are the number of antimicrobial drugs, with the percentage of the total number of antimicrobial drugs in parentheses according to the

site.

action plan to combat antimicrobial-resistant bacteria.’
Therefore, the types of antimicrobial drugs used in the
ambulatory setting might have changed in Japan since
the launch of the Japanese national action plan. Further
studies are needed to investigate antimicrobial drug use
in ambulatory settings in Japan considering recent data.
In the present study, 11.7% of all antimicrobial drugs
were prescribed by dentists. Our finding is consistent with
that of a past study reporting that 10% of all outpatient
antibiotics were prescribed by dentists.”* Moreover, half of
the antimicrobial drugs used for dental infections in the
present study were judged to be unnecessary. This result
is consistent with those of past studies conducted in the
UR* showing that inappropriate antimicrobial drug use

Table 5 The evidence for infectious disease diagnoses and
indications for antimicrobial therapy*

No
Insufficient  indication for
evidence for antimicrobial
Diagnosist Total diagnosis drugs
Any 125 45 (36.0) 60 (48.0)
Urinary tract 20 8 (40.0) 8 (40.0)
infection
Bacterial 13 3 (23.1) 3 (23.1)
pneumonia
Acute pharyngitis 11 5 (45.5) 9(81.8)
Skin infection 11 1(9.1) 1(9.1)
Influenza 11 0(0.0) 1(9.1)
Dental infection 10 2 (20.0) 5 (50.0)
Acute bronchitis 9 3(33.3) 9 (100.0)
Common cold 8 3 (100.0) 3(100.0)
Varicella zoster 3 1(33.3) 1(33.3)
Gastroenteritis 8 3 (100.0) 3 (100.0)

*Values are the numbers of antimicrobial drugs, with the
percentages of the total numbers of antimicrobial drugs in
parentheses according to the site.

TOnly infectious diseases accounting for more than 2% of all
cases treated by antimicrobial drugs.

by dentists was common. However, it is uncertain whether
our results could be compared with those of these past
studies because dentists in the UK generally do not practise
in hospital settings, unlike in Japan. Given that a substan-
tial proportion of antimicrobial drugs are prescribed by
dentists, monitoring and improving the appropriateness of
antimicrobial drug use by dentists® are important to reduce
the inappropriate use of outpatient antimicrobial drugs.

Proportion of antimicrobial therapy according to infectious
diseases

The proportions of antimicrobial therapy for the
common cold, acute gastroenteritis, acute pharyngitis
and acute bronchitis in the present study were much
lower than those in recent studies that analysed data
before 2015.% % #* 27 It is possible that the Japanese
national action plan launched in 2016 might contribute
to this reduction in unnecessary antimicrobial use. Our
findings also indirectly support the latest Nippon Antimi-
crobial Resistance One Health Reports,? which indicate
that the volume of oral antimicrobial drug use in Japan
has gradually declined since 2017, although this report
did not investigate the indications of antimicrobial drug
use. Further studies are needed to investigate antimicro-
bial drug use in ambulatory settings considering recent
data.

In the present study, antimicrobial drugs were
prescribed for nearly all patients who were diagnosed
with UTI and pneumonia. However, although antimi-
crobial drugs are needed in almost all cases of UTI and
pneumonia, the proportion of antimicrobial therapy
for patients with UTI and pneumonia was 60%—-80% in
recent studies® ** ** * in which antimicrobial drugs were
linked to infectious diseases according to the ICD codes.
A recent study'” reported that ICD diagnostic codes had
limited predictive value for validated cases of cystitis and
pneumonia. Our findings implicate that the method to
audit the use of outpatient antimicrobial drugs by using
ICD codes needs to be improved.

Appropriateness of antimicrobial therapy
The proportion of antimicrobial drugs that were unnec-
essary in the present study was higher than that in recent

Komagamine J, et al. BMJ Open 2020;10:€039329. doi:10.1136/bmjopen-2020-039329
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studies conducted outside Japan®' but is similar to that
in a recent Japanese study.” Even though the propor-
tion of antimicrobial therapy for infectious diseases that
generally do not require the use of antimicrobial drugs
was lower in the present study than in recent studies,”"*
the rate of unnecessary antimicrobial drugs in the present
study still seems high. However, unlike other studies,*’*’
we investigated the evidence for physicians’ diagnoses of
infectious diseases in addition to evaluating whether anti-
microbial drugs were prescribed for infectious diseases
that required antimicrobial therapy. Diagnoses in approx-
imately one-third of infectious disease cases treated by
antimicrobial drugs in this study did not have sufficient
evidence. For example, UTI generally requires antimicro-
bial therapy in all cases. However, 40% of cases treated as
UTIs with antimicrobial drugs in this study did not have
sufficient evidence for UTI. Therefore, antimicrobial
drugs for these UTI cases without diagnostic evidence
were judged to be unnecessary. Thus, cases without suffi-
cient evidence of the presence of infectious diseases
might have increased the rate of unnecessary antimicro-
bial drug prescription in the present study compared with
other studies®’ ** in which the diagnostic evidence of
infectious diseases was not assessed. Our findings support
the results of previous studies reporting that physicians’
diagnoses of infectious diseases were sometimes inaccu-
rate, particularly for UTI and pneumonia.'’ '* Further
efforts to increase the accuracy of physicians’ diagnoses
for infectious diseases and reduce the inappropriate use
of antimicrobial drugs are needed.

In the present study, more than half of the antimicro-
bial drugs used for wound or surgical prophylaxis were
prescribed for more than 2 days. This result is problem-
atic because antimicrobial prophylaxis is not indicated,
or a single dose of antimicrobial drugs for prophylaxis
is sufficient for most types of ambulatory surgical proce-
dures and wound care.” ' Further efforts to reduce
unnecessary antimicrobial prophylaxis for ambulatory
surgical procedures and wound care are needed.

Variations of antimicrobial drug use among the investigated
hospitals

Although the aim of our study was not to determine the
difference in antimicrobial drug use among Japanese
hospitals, several points regarding variations of antimi-
crobial drug use among the investigated hospitals in the
present study need to be mentioned. First, the prevalence
of antimicrobial drug use in NHO Tochigi Medical Center
was approximately twice that of the other two hospitals. In
particular, the differences in antimicrobial drug use for
the paediatric and urological departments among the
three hospitals are notable. Second, the proportion of
quinolone use among prescribed antimicrobial drugs was
much higher in NHO Tokyo Medical Center than in the
other two hospitals. Although the reason for this varia-
tion remains uncertain in the present study, our results
are similar to those of past studies'’ * reporting variations
in antimicrobial drug prescription. Further studies are

needed to investigate the factors that contribute to the
variation in antimicrobial drug prescription among Japa-
nese hospitals.

Implications for clinical practice
Three-fourths of the antimicrobial drugs prescribed in
the ambulatory setting are used for infection treatment,
but approximately half of those drugs may be unneces-
sary. Therefore, further efforts to reduce unnecessary
antimicrobial drug use are needed. Furthermore, approx-
imately one-fifth of outpatient antimicrobial drugs may
be prescribed for prophylactic use. Therefore, investiga-
tions into the appropriateness of prophylactic antimicro-
bial drug use are also warranted in the future. A national
action plan for antimicrobial resistance (AMR) needs to
focus more on prophylactic antimicrobial drug use.
Finally, most past studies on outpatient antimicrobial
use have focused on the misuse of antimicrobial drugs for
infectious diseases, such as the common cold, which are
not indications for antimicrobial therapy in most cases.
Little attention has been paid to problems in the diag-
nostic accuracy for infectious diseases, such as for pneu-
monia and UTIs, which are indications for antimicrobial
therapy. In fact, a Japanese national action plan for AMR
scarcely mentions these problems in diagnostic accuracy.’
Even a recent published revised manual of antimicro-
bial stewardship in Japan only mentions the infectious
diseases that are not indications for antimicrobial therapy
in most cases.” Given the inaccuracy of physicians’ diag-
noses and diagnostic codes for infectious diseases treated
by antimicrobial drugs, the monitoring of the accuracy
of physicians’ diagnoses and diagnostic codes is critical
for assessing the appropriateness of antimicrobial drug
use. Therefore, a national AMR action plan needs to
focus more on the accuracy of the diagnosis of infectious
diseases. It might be difficult to implement the periodic
administration of a survey such as the one used in this
study at the national level because it is labour intensive.
Moreover, given that electronic medical records are used
in less than 50% of the hospitals and clinics in Japan,*
a more labour-intensive survey relying on paper medical
records would be needed in the majority of healthcare
facilities. However, the annual administration of a shorter
survey at the national level seems feasible, at least in
healthcare facilities that use electronic medical records.
Further investigations of the feasibility and sustainability
of a survey based on chart review to assess outpatient anti-
microbial drug use at the national level are warranted.
To address AMR, monitoring the appropriateness of both
the diagnosis and the indication for antimicrobial therapy
with regard to infectious diseases is needed.

Strength and weakness

This was the first prospective, multicentre study to inves-
tigate the prevalence and appropriateness of outpa-
tient antimicrobial drug use in Japan since the national
action plan was launched in 2016. Moreover, our study
was the first to evaluate the proportion of prophylactic
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antimicrobial drug use among all outpatient antimicro-
bial drug use. The indications for and appropriateness
of antimicrobial drugs were investigated by using a chart
review rather than diagnostic codes. Therefore, the ratio-
nale for nearly all antimicrobial drugs was known. In
addition, evidence for the diagnosis of infectious disease
treated by antimicrobial drugs was also investigated. This
investigation avoided the challenges of inaccurate physi-
cians’ diagnoses'' and diagnostic shifting.'

Several limitations need to be mentioned. First, only
three hospitals were included in this study. Moreover,
no physicians’ offices providing mainly primary care in
Japan were included. Therefore, the generalisability of
our results might be limited. Second, we did not contact
the physicians who prescribed the antimicrobial drugs.
Therefore, retrieved information regarding the reasons
for antimicrobial drug prescription and ambulatory diag-
noses might be inaccurate. Moreover, the ambulatory
diagnosis might not reflect the final accurate diagnosis
because data were retrieved from medical notes from only
the first visit. Fourth, screening logs were not obtained.
Therefore, selection bias in the present study is difficult
to assess. Fifth, interobserver agreement regarding infor-
mation on antimicrobial drug prescribing and diagnosis
was not investigated, although past studies reported that
interobserver agreement regarding information on anti-
microbial drug prescribing and diagnosis was good.* ¥
Sixth, our survey investigated only winter days. Given the
seasonal variation in the occurrence of infectious diseases,
our results might not reflect practices throughout the
year. Moreover, only 4 days were investigated for one of
the three hospitals included in the present study. There-
fore, a difference in practice due to day of week might also
affect the results. In addition, the outbreak of COVID-19
might affect our outcomes, although it is probable that
the study period did not overlap with this outbreak in
Japan. Seventh, we did not investigate factors other than
the indication of antimicrobial drugs, such as their dose
and spectrum, when determining the appropriateness
of antimicrobial therapy. Moreover, we did not evaluate
the appropriateness of antimicrobial drugs used for the
reasons other than treatment. Therefore, the assessment
of appropriateness of ambulatory antimicrobial drug use
may be insufficient. Eighth, we excluded visits for annual
health checks and scheduled visits. Therefore, visits of
patients recently discharged from the hospital who were
using antimicrobial drugs were missed. Ninth, given the
possibility that antimicrobial drug prescription habits are
different among the investigated hospitals, the sample
size per hospital should be determined based on the size
of the hospitals. Finally, we excluded topical antimicro-
bial drugs. Therefore, our results underestimated the
prevalence of ambulatory antimicrobial use.

CONCLUSIONS
One in every 13 ambulatory visits results in an antimicro-
bial prescription in Japan. Three-fourths of the prescribed

antimicrobial drugs are used for infection treatment, but
approximately half of those drugs may be unnecessary.
Further efforts to reduce unnecessary antimicrobial drug
use are needed.
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