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Background. An inpatient antimicrobial stewardship program is vital for judicious antimicrobial use. We began a hospital-wide,
postprescription review with feedback (PPRF) in 2014; the present study evaluated its impact on antimicrobial consumption and
clinical outcomes over 4 years.

Methods. Once-weekly PPRF for carbapenems and piperacillin/tazobactam was implemented. We tracked the data on each
antimicrobial use as days of therapy (DOT) per 1000 patient-days (PD). Changes in the incidence of drug-resistant organisms,
in-hospital mortality, and length of hospital stay per month were analyzed by an interrupted time series.

Results. Carbapenem use continued to decline in the preintervention and intervention periods (—0.73 and —0.003 DOT/1000 PD,
respectively), and although monthly average use remained low in the intervention period (8.3 DOT/1000 PD), more importantly, the postint-
ervention change in the slope diminished significantly. Piperacillin/tazobactam use showed a steeper decline in the intervention period, but
the change in the slope was not statistically significant (change in slope: —0.20 DOT/1000 PD per month [P = .16]). Postintervention use of
narrower-spectrum antimicrobials including ampicillin/sulbactam (change in slope: +0.58 DOT/1000 PD per month [P < .001]) increased.

The antimicrobial cost and the monthly average length of hospital stay also declined (-37.4 USD/1000 PD per month [P < .001]
and —0.04 days per month [P < .001], respectively), whereas few postintervention changes in the incidence of drug-resistant organ-
isms were observed.

In our study, the 4-year PPRF for broad-spectrum antimicrobials coincided with a reduction in the use of targeted
antimicrobials and resulted in an improvement in 1 patient-centered outcome, thus conferring the additional benefit of reducing

Conclusions.

expenditures for antimicrobials.
Keywords.

antimicrobial stewardship program; broad-spectrum antimicrobials; postprescription review and feedback.

Judicious use of antimicrobial agents is strongly advocated in
healthcare settings, and the antimicrobial stewardship program
(ASP) is considered vital for optimizing antimicrobial use in
healthcare facilities [1, 2]. Among various interventions with an
antimicrobial stewardship component, postprescription review
with feedback (PPRF) is one of the most effective, especially for
the inpatient setting. Although it is time consuming and labor
intensive, PPRF is commonly implemented because its efficacy
is supported by strong evidence [3].

Although hospitals worldwide have already developed an ASP,
there are significant variations in its quality among healthcare set-
tings and countries [4]. The reason for these variations is likely to be
multifactorial, including staffing constraints, insufficient funding,
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and lack of education [5, 6]. As in other countries, healthcare
institutions in Japan have been facing issues related to antimicro-
bial resistance, and the optimizing antimicrobial use has become
an urgent need. In 2016, the Japanese government issued an anti-
microbial resistance action plan and in 2017 published guidelines
for outpatient antimicrobial stewardship to promote judicious
use of antimicrobial agents [7, 8]. However, limited resources and
demographic factors such as an increasing elderly population con-
tinue to pose challenges to ASP implementation [9, 10].

Tokyo Metropolitan Tama Medical Center implemented its
own ASP for broad-spectrum antimicrobial agents in April 2014
[11]. The purpose of our study was to compare the impact of a
4-year (April 2014 to March 2018), hospital-based antimicro-
bial stewardship with PPRF of broad-spectrum antimicrobials
in terms of antimicrobial use, patient-related outcomes, and the
incidence of drug-resistant pathogens in a 2-year preinterven-
tion period (from April 2012 to March 2014).

METHODS

Study Setting
This before-after study was conducted at Tokyo Metropolitan
Tama Medical Center, a 790-bed tertiary care center with 29
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subspecialties in Tokyo, Japan with a division of infectious dis-
eases and an ASP. All the physicians in the division of infectious
diseases were also actively involved in antimicrobial steward-
ship activities.

Study Design

We evaluated the impact of our ASP on antimicrobial use,
patient-related outcomes, and changes in antimicrobial resist-
ance in the inpatient setting between the 2 periods (the pre-
intervention period [April 2012 to March 2014] and the
intervention period [April 2014 to March 2018]). The efficacy
of the ASP was assessed by trends in overall antimicrobial use,
antipseudomonal antimicrobial use (each antipseudomonal
agent
cefepime, fluoroquinolones, ceftazidime, and aztreonam),

including  carbapenems, piperacillin/tazobactam,
other intravenous antimicrobial use (ie, vancomycin, ceftriax-
one, cefmetazole, first-generation cephalosporin, ampicillin,
and ampicillin/sulbactam) expressed as days of therapy (DOT)
per 1000 patient-days (PD), incidence density of drug-resist-
ant organisms including methicillin-resistant Staphylococcus
aureus (MRSA), and extended-spectrum (-lactamase (ESBL)-
producing Enterobacteriaceae per 1000 PD, respectively. We
also reviewed the trends in annual antibiogram data for cer-
tain antimicrobial-resistant organisms including S aureus,
Pseudomonas aeruginosa, and selected Enterobacteriaceae. For
patient-related outcomes, we evaluated the trends in the average
length of stay, monthly in-hospital mortality, and the incidence
density of Clostridium difficile infection (CDI) per 10000 PD.
More importantly, there was no change in hospital or infection
control policy to reduce the length of hospital stay during the
study period.

Antimicrobial Stewardship Program
An ASP run by a multidisciplinary team was officially imple-
mented in April 2014. The program was staffed by 2 infectious
diseases physicians (0.2 full-time equivalent), an infectious dis-
eases fellow (0.1 full-time equivalent), clinical pharmacist (0.2
full-time equivalent), microbiology laboratory technician (0.1
full-time equivalent), and infection control nurse (0.1 full-time
equivalent). Before implementation, there were no interven-
tions contributing to antimicrobial stewardship except for an
infectious disease consultation service, which was begun in July
2013 by an American Board of Internal Medicine-Infectious
Diseases-certified physician [11]. A clinical pharmacist rou-
tinely monitored all inpatient antimicrobial consumption.
Postprescription review with feedback was the main activity in
our ASP, and all the members had a once-weekly PPRF meeting.
We focused on broad-spectrum antimicrobial agents (ie, car-
bapenems and piperacillin/tazobactam) due to time and staft-
ing constraints.

From April 2014, we started PPRF for patients who were on
carbapenems more than 72 hours. The formulary of carbape-
nem antimicrobials in the study institution included imipenem/

cilastatin, meropenem, and doripenem. Before the once-weekly
antimicrobial stewardship meeting, our clinical pharmacist
identified patients eligible for PPRE. Carbapenem use was con-
sidered appropriate for the treatment for febrile neutropenia,
infections only susceptible to carbapenem antimicrobials, and
infections for which carbapenems were conventionally consid-
ered to be first-line agents. We also implemented PPREF for pip-
eracillin/tazobactam in May 2015. As in our carbapenem PPRE,
we audited patients who were on piperacillin/tazobactam more
than 72 hours. Piperacillin/tazobactam use was considered
appropriate for the following: treatment of febrile neutropenia,
empiric therapy for healthcare-associated infection, definitive
therapy for healthcare-associated infections for which piper-
acillin-tazobactam was considered the best choice based on
culture results and clinical conditions, and polymicrobial infec-
tions (eg, intra-abdominal infections) for which piperacillin/
tazobactam was the preferred therapy. All antimicrobial stew-
ardship program members discussed each case to determine
the appropriateness of carbapenem or piperacillin/tazobactam
use based on a comprehensive assessment of the patients clin-
ical condition, culture results, and the prespecified indications
as noted above. We classified the appropriateness of the use of
these antimicrobial agents following the method prescribed by
Kunin et al [12], after a slight modification to fit our local prac-
tice (see the definition in the NOTE in Appendix 1).

Once we determined the appropriateness of these 2 agents,
we documented their use in each patient’s electronic medical
records. For all patients with inappropriate antimicrobial use,
we modified or stopped the antimicrobial therapy by directly
contacting the primary care team providers by telephone. The
primary care team accepted the recommendations at their own
discretion. There was no penalty for disagreement with the
recommendations. We considered a recommendation to be
accepted whether the primary care team providers modified/
stopped their antimicrobial therapy based on our recommen-
dations within 72 hours.

Data Collection

A clinical pharmacist identified patients who were eligible for
PPRF and collected their demographic characteristics, indica-
tions for antimicrobial use, and duration of therapy to discuss
their case at the weekly meeting. The information was recorded
in the data collection form. A clinical pharmacist also prospec-
tively tracked the data on all antimicrobial use and cost outlays
on a monthly basis.

Statistical Analysis

We use segmented regression of interrupted time series analysis
[13] to assess the changes in the overall use of antimicrobials,
antipseudomonal agents (ie, total use of carbapenems, pipera-
cillin/tazobactam, and cefepime), and individual antimicrobial
agents and to assess the trends in the incidence of CDI, MRSA,
and ESBL-producing Enterobacteriaceae, the monthly average
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length of stay, and the monthly in-hospital mortality rate. We
used Stata version 15.2 (StataCorp, College Station, TX) for the
analysis. The institutional review board at Tokyo Metropolitan
Tama Medical Center approved the study.

RESULTS

Overall Appropriateness of Antimicrobial Use

Since the implementation of once-weekly PPRF for carbapen-
ems and piperacillin/tazobactam, there were 733 episodes of
carbapenem use in 469 patients and 981 episodes of piperacil-
lin/tazobactam use in 725 patients. Overall appropriate carbap-
enem and piperacillin/tazobactam use was 61.9% and 56.7%,
respectively. The rate of acceptance of ASP recommendations
ranged from 87.7% to 96.4% (Appendix 1).

Antimicrobial Use

Table 1 shows the changes in the overall and individual use of
each antipseudomonal agent before and after PPRF implemen-
tation as determined by interrupted time series (ITS) analysis.
Figures 1 and 2 show the changes in the absolute monthly use
of antimicrobials between the 2 periods. Appendix 2 shows
the average monthly use of antimicrobials for both periods.
Although the monthly average use of both carbapenems and
piperacillin/tazobactam was lower in the intervention period
(8.67 and 20.95 DOT per 1000 PD), the change in the slope for
carbapenem use significantly diminished, showing a leveling-off
effect (from —0.73 to —0.003 DOT per 1000 PD [P < .001]), and
that for piperacillin/tazobactam did not reach statistical signif-
icance (—0.04 to —0.24 DOT per 1000 PD [P = .16]). Although
the monthly, average use of some narrower-spectrum antimi-
crobials was higher in intervention period, only the slope for

ampicillin/sulbactam use reflected a statistically significant
change (+0.58 DOT per 1000 PD [P < .001]).

Antimicrobial Resistance and Patient-Centered Outcomes

Table 2 shows the antimicrobial susceptibility for the target
pathogens in the preintervention and intervention periods.
We observed improved susceptibility in the organisms to cer-
tain antimicrobials. Figure 3 shows changes in the incidence
of selected multidrug-resistant organisms, patient-centered
outcomes, and overall antimicrobial costs after PPRF imple-
mentation. Table 3 shows the trends in the incidence density
of selected multidrug-resistant organisms and patient-centered
outcomes after PPRF implementation based on the ITS. The
incidence density of MRSA, ESBL-producing organisms, and
CDI was relatively stable throughout the study period, whereas
the average monthly length of hospital stay significantly
decreased after PPRF implementation (from 0.01 to —0.03,
change in slope —0.04 days per month [P =.002]).

DISCUSSION

The present study described the impact of a 4-year ASP on
antimicrobial use and patient-centered outcomes at a Japanese
tertiary care center. A number of favorable results in anti-
microbial use and a change in 1 patient-centered outcome were
observed, although the changes may not solely be the result of
the intervention.

The current study differs from previous reports of PPRF in the
acute care setting in several respects. We performed PPRF just
once weekly with relatively limited personnel. Each participant
engaging in PPRF had a full-time equivalent of approximately
0.1 to 0.2. Although an ASP ideally has adequate, dedicated

Table 1.
Series Analysis®

Changes in Antimicrobial Use Before and After the Implementation of Postprescription Review and Feedback Analyzed by Interrupted Time

Days of Therapy per 1000 Patient-Days per Month

Baseline Trend in Slope in the
the Preintervention Intervention
Antimicrobials Period (95% Cl) P Period (95% Cl) P Change in Slope P
Carbapenems -0.73 (-0.89 to —-0.57) <.001 —0.003 (-0.06 to 0.06) .92 0.73 (0.55-0.91) <.001
Piperacillin/tazobactam —-0.04 (-0.31 t0 0.24) .80 —-0.24 (-0.33 to —0.15) <.001 —-0.20 (-0.49 t0 0.08) .16
Cefepime 0.12 (-0.10 to 0.34) .29 0.35 (0.18-0.52) <.001 0.23 (-0.04 to 0.51) 19
3 antipseudomonal agents —-0.63 (-0.91 to —-0.36) <.001 0.10 (-0.05 to 0.26) .21 0.73 (0.42-1.06) <.001
Fluoroquinolones —-0.04 (-0.11 to 0.02) 21 —-0.02 (-0.05 to 0.01) .07 0.02 (-0.05 to 0.09) .63
Ceftazidime —-0.05 (-0.12 to 0.14) .29 —-0.06 (-0.10 to —0.02) .001 —-0.01 (-0.08 to 0.06) .82
Cefazolin -0.16 (-0.45 t0 0.13) .76 0.03 (-0.11 t0 0.17) .63 0.19 (-0.13 to 0.52) 24
Ampicillin 0.33 (0.26-0.41) <.001 0.02 (-0.03 t0 0.07) .54 -0.32 (-0.42 to -0.22) <.001
Ampicillin/sulbactam -0.36 (-0.53 to —0.18) <.001 0.22 (0.08-0.35) .002 0.58 (0.35-0.80) <.001
Cefamycins -0.04 (-0.29 t0 2.13) .76 -0.51 (-0.62 to —0.41) <.001 -0.47 (-0.75 to —0.20) <.001
Ceftriaxone 0.59 (0.36-0.82) <.001 0.37 (0.28-0.47) <.001 -0.22 (-0.47 t0 0.04) .10
Vancomycin 0.15 (-0.01 to 0.30) .05 0.09 (-0.01 t0 0.18) .06 —-0.06 (-0.24 t0 0.12) 49
All antimicrobials -0.27 (-0.91 t0 0.37) 40 0.29 (-0.04 to 0.62) .09 0.56 (-0.18 to 1.30) 13
Overall antimicrobial cost, $ 9.5 (-12.9t0 31.8) .84 -279 (-36.7 to -19.1) <.001 -374 (-61.6 to -13.2) .003

Abbreviations: Cl, confidence interval; USD, US dollar.
“Overall antimicrobial cost was calculated at the rate of 100Yen = 1 USD.
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Figure 1. Use of antimicrobials (antipseudomonal agents) after the implementation of postprescription review and feedback.
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Figure 2. Use of antimicrobials (non-antipseudomonal agents) after the implementation of postprescription review and feedback.

infrastructure and personnel [14], personnel constraints are
common throughout the world including in Japan [5, 9, 15].
However, this study demonstrated that strategies can be devised
to overcome such limitations. Another highlight of this study is
that the PPRF directly or indirectly influenced other outcomes
including the use of other antimicrobials, cost outlays, and one
of the patient-centered outcomes, although the PPRF targeted
only 2 broad-spectrum antimicrobials.

Although the change in slope showed that carbapenem
use only slightly declined in the postintervention period,
the decrease in absolute terms was consistent and sustained.
Similarly, although piperacillin/tazobactam use failed to
reach statistical significance, sustained reduction continued
to be observed in the intervention period. A gradual decline

in carbapenem use was observed even in the preinterven-
tion period, possibly due to infectious diseases consultation,
which began before the intervention. In contrast, the use of
fourth-generation cephalosporins and a number of narrow-
er-spectrum agents increased due to the shift towards cefepime
in empiric therapy combined with the de-escalation in the use
of nonantipseudomonal agents. Because of the increased use of
cefepime, we were unable to demonstrate a decrease in the total
use of 3 antipseudomonal agents (ie, carbapenems, pipercillin/
tazobactam, and cefepime). A similar increase in cefepime or
narrower-spectrum antimicrobial use in response to decreased
carbapenem or piperacillin/tazobactam use was observed in
another study of PPRF [16]. Increasing use of narrower-spec-
trum antimicrobials and decreasing use of broader-spectrum
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Table 2. Changes in Antimicrobial Susceptibility in Selected Organisms
Between the Preintervention and the Intervention Periods®

Organisms and

Isolates
Resistant in the
Preintervention

Isolates Resistant
in the Intervention

Antimicrobials Period (%) Period (%) P
Escherichia coli
Cefepime 101/866 (11.7)° 579/3822 (15.1) .01
Cefotaxime 201/1601 (12.6) 635/3822 (16.6) <.001
Levofloxacin 395/1601 (24.7) 1113/3822 (29.1) <.001
Enterobacter cloacae
Meropenem 0/136 (0)° 2/551 (0.7) N/A
Piperacillin/tazobactam 40/136 (29.4)° 90/551 (16.3) <.001
Cefepime 16/136 (11.8)° 44/551 (8.0) .16
Pseudomonas aeruginosa
Imipenem-cilastatin 80/995 (8.0) 147/2344 (6.3) .06
Piperacillin/tazobactam 90/995 (9.5) 251/2344 (10.7) 15
Cefepime 156/995 (15.7) 250/2344 (10.7) <.001

Staphylococcus aureus

Methicillin 386/1527 (25.3) 804/3348 (24.0) 0.34

Abbreviations: N/A, not available.

“The preintervention period was from April 2012 to March 2014, and the intervention
period was from April 2014 to March 2018.

PSusceptibility data from April 2012 to March 2013 were not available.

antimicrobials during the study period suggest that hospi-
tal-wide de-escalation in antimicrobials use was achieved.

Regarding patient-centered outcomes, PPRF showed a
decrease in postintervention length of hospital stay. Although
this may not be an ideal patient-centered outcome for assess-
ing the effectiveness of an ASP, it is commonly used presuma-
bly because it is generally tracked as a quality measure in acute
care settings [17, 18]. Improved antimicrobial susceptibility in
certain pathogens, especially P aeruginosa and Enterobacter
cloacae, might be associated with decreased carbapenem and
piperacillin/tazobactam use. The present study succeeded in
demonstrating that the ASP is instrumental in achieving the
cardinal goals of improving antimicrobial susceptibility and
preventing the emergence of extensive resistance, especially in
hospital-acquired pathogens.

Moreover, the present study revealed that overall cost outlays
for antimicrobials decreased. During the study period, generic
piperacillin/tazobactam only began to be used in the middle of
the intervention period (since February 2016) and may have
contributed somewhat to reducing the cost of antimicrobials.
However, the overall change in cost cannot be explained only
by this single change, because piperacillin/tazobactam use
comprised a small proportion of overall antimicrobial use. The
changes were likely due to the greater use of cheaper agents
resulting from the intervention.

In this study, overall antimicrobial use increased slightly
after the PPRF implementation, although the difference was
not statistically significant. Although PPRF has been shown
to decrease overall antimicrobial use, one previous study

apparently demonstrated increased overall antimicrobial use
after ASP implementation at institutions with no pre-existing
ASP [19]. Moreover, improvements in the standard of care may
have contributed to an intermittent increase in overall anti-
microbial use after PPRF implementation. For instance, vanco-
mycin was more frequently administered in standard empiric
therapy for healthcare-associated infections during the inter-
vention period. It is worth noting that in the last year of the
intervention, overall antimicrobial use started to decline; thus,
it is important to track long-term trends in antimicrobial use in
inpatient settings.

During the intervention period, the incidence of CDI and
ESBL-producing Enterobacteriaceae increased slightly without
reaching statistical significance. Although almost all antimi-
crobials can conduce to the development of CDI, some stud-
ies demonstrated that cephalosporin may be more strongly
associated with its development than other antimicrobials
[20, 21]. Other studies also showed that cephalosporin expos-
ure may contribute more to the emergence of ESBL-producing
Entereobacteriaceae [22, 23]. Long-term trends in the incidence
of these organisms relative to the use of particular antimicrobi-
als need to be clarified in future studies especially because the
incidence of these organisms can be influenced by other factors
such as a history of previous healthcare exposure and the degree
of infection prevention activities.

This study has some limitations. Although the study
showed the effectiveness of PPRF performed by a relatively
limited number of antimicrobial stewardship team mem-
bers, the findings at a single tertiary care center have limited
generalizability. Nonetheless, previous studies assessing the
impact of antimicrobial stewardship even under person-
nel constraints corroborate our findings [6, 9]. Due to the
before-after protocol, it was difficult to determine whether
the observed changes, especially in the patient-centered
outcome, were due solely to PPRF, and other outcomes may
require longer observation to assess the full impact of PPRE.
Although the changes in cost appear to be favorable, our
study only assessed antimicrobial cost but not those asso-
ciated with decreased length of stay, incidence of CDI, or
treatment against drug-resistant pathogens. Future studies
comprehensively analyzing these costs will doubtless corrob-
orate the financial feasibility of ASP.

CONCLUSIONS

Although the trends in antimicrobial use seen in the current
study failed to demonstrate statistical significance, the results
do suggest that PPRF for broad-spectrum antimicrobials can
contribute to a sustained reduction in the use of antimicrobi-
als and conduce to a hospital-wide de-escalation in antimicro-
bial use without compromising patients’ clinical outcomes. Our
experience suggests that PPRF can be implemented even when
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Figure 3. Changes in incidence of infection by selected multidrug-resistant organisms, patient-centered outcomes, and overall antimicrobial cost after the implementation
of postprescription review and feedback.

Table 3. Changes in Patient-Centered Outcomes and Incidence of Selected Multidrug-Resistant Organisms After the Implementation of Postprescription

Review and Feedback

Baseline Trend in

Slope Change in

the Preintervention the Intervention Change in
Patient-Centered Outcome Period (95% Cl) P Period (95% Cl) P slope (95% Cl) P
Incidence of CDI per 10000 patient-days -0.01 (-0.08 to 0.05) .67 0.01 (-0.02 to 0.04) 41 0.03 (-0.05 to 0.10) .46
Average length of hospital stay 0.01 (-0.02 to 0.36) 46 -0.03 (-0.04 to —0.02) <.001 -0.04 (-0.07 to -0.17) .002
Average monthly mortality rate 0.15 (-0.15 to 0.45) 15 -0.01 (-0.02 to 0.01) 73 -0.02 (-0.05 t0 0.17) .32
Incidence of MRSA per 1000 patient-days —-0.004 (-0.01 to 0.003) .25 —-0.001 (-0.004 to 0.001) .28 0.002 (-0.005 to 0.01) .50
Incidence of ESBL per 1000 patient-days 0.001 (-0.006 to 0.007) .89 0.003 (-0.001 to 0.006) .09 0.002 (-0.005 to 0.009) .59

Abbreviations: CDI, Clostridium difficile infection; ESBL, extended-spectrum {3 lactamase; MRSA, methicillin-resistant Staphylococcus aureus.
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there are staffing constraints. The time required for changing
outcomes associated with antimicrobial stewardship varies,
depending on the type of outcome measure. Long-term mon-
itoring of the outcomes is important for accurate assessment of
the efficacy of an inpatient ASP.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.
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