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Background. Following a meropenem shortage, we implemented a postprescription review with feedback (PPRF) in November 
2015 with mandatory infectious disease (ID) consultation for all meropenem and imipenem courses > 72 hours. Providers were 
made aware of the policy via an electronic alert at the time of ordering.

Methods. A retrospective study was conducted at the University of Washington Medical Center (UWMC) and Harborview 
Medical Center (HMC) to evaluate the impact of the policy on antimicrobial consumption and clinical outcomes pre- and 
postintervention during a 6-year period. Antimicrobial use was tracked using days of therapy (DOT) per 1000 patient-days, and 
data were analyzed by an interrupted time series.

Results. There were 4066 and 2552 patients in the pre- and postintervention periods, respectively. Meropenem and imipenem 
use remained steady until the intervention, when a marked reduction in DOT/1000 patient-days occurred at both hospitals (UWMC: 
percentage change −72.1% (95% confidence interval [CI] −76.6, −66.9), P < .001; HMC: percentage change −43.6% (95% CI −59.9, 
−20.7), P = .001). Notably, although the intervention did not address antibiotic use until 72 hours after initiation, there was a signif-
icant decline in meropenem and imipenem initiation (“first starts”) in the postintervention period, with a 64.9% reduction (95% CI 
58.7, 70.2; P < .001) at UWMC and 44.7% reduction (95% CI 28.1, 57.4; P < .001) at HMC.

Conclusions. PPRF and mandatory ID consultation for meropenem and imipenem use beyond 72 hours resulted in a significant 
and sustained reduction in the use of these antibiotics and notably impacted their up-front usage.

Keywords.  antimicrobial stewardship; carbapenems.

The primary objective of antimicrobial stewardship programs 
(ASP) is to optimize individual patient outcomes while si-
multaneously preserving the effectiveness of antibiotics for 
future use [1]. In particular, carbapenems are an important 
target for antimicrobial stewardship, as they are broad-spec-
trum agents that should be reserved for the treatment of sus-
pected or confirmed multidrug resistant infections [2].

A variety of stewardship approaches have proven to be ef-
fective in improving antimicrobial use, costs, and resistance 
rates. These include educational strategies, formulary restric-
tions, preprescription authorization (PPA), postprescription re-
view with feedback (PPRF), and computer-assisted decisional 
support [1, 3, 4]. Passive interventions that nudge or influence 

providers to make better antibiotic decisions have also proven 
to be effective, and their flexibility helps to preserve clinician 
autonomy [5, 6].

PPRF is among the most effective strategies; it allows the pre-
scriber to select an empiric antibiotic regimen of their choice, 
and after 48–72 hours, the ASP may recommend deescalation 
or discontinuation of therapy based on evolving clinical and mi-
crobiological data [4, 7–11]. PPRF, however, does not directly 
address inappropriate or unnecessary empiric antibiotics [12]. 
PPA requires that the clinician receive approval from the ASP 
prior to the first dose of antibiotic, and while this increases 
the likelihood of appropriate empiric antibiotic use, it may be 
resource-intensive for the ASP.

In November 2015, we experienced a critical supply shortage 
of meropenem at the University of Washington health system 
and its affiliated hospitals. As a result, we implemented a PPRF 
policy with mandatory infectious disease (ID) consultation for 
all meropenem and imipenem orders exceeding 72 hours with 
the approval of the Pharmacy and Therapeutic Committee. 
A computer-generated alert (Supplemental Figure) notified the 
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provider of the policy when ordering the antibiotic. After the 
shortage resolved, the policy was continued for antimicrobial 
stewardship purposes. We conducted a retrospective longitu-
dinal study to evaluate whether the policy had a sustained effect 
in reducing meropenem and imipenem consumption.

METHODS

Study Setting

The University of Washington Medical Center (UWMC) is a 
570-bed tertiary/quaternary care facility in Seattle, Washington. 
Harborview Medical Center (HMC) is a 413-bed acute care 
hospital that serves as a public safety-net hospital, as well as a 
level 1 trauma and burn center in Seattle, Washington, that is 
affiliated with UW Medicine.

Prior to the intervention, carbapenems were unrestricted at 
both institutions, and there was no systematic protocol in place 
for reviewing carbapenem use. Inappropriate carbapenem use 
was periodically but not comprehensively identified during mi-
crobiology rounds at each hospital, where the ID consult and 
microbiology teams would meet three times weekly to review 
patients with new culture data and discuss their antimicrobial 
regimens. If an inappropriate antibiotic was identified based 
on culture data, the infectious diseases fellow or antimicro-
bial stewardship (AMS) pharmacist would contact the primary 
team to recommend de-escalation. Additionally, the ID teams 
encouraged the use of carbapenem alternatives when appro-
priate for patients on their consult services.

In November 2015, due to a critical supply shortage of 
meropenem, a new policy was implemented across both hos-
pitals requiring ID consultation for meropenem and imipenem 
use beyond 72 hours, with the exception of patients in the ne-
onatal intensive care unit (NICU) or those with cystic fibrosis. 
When an inpatient order for meropenem or imipenem was 
entered, a computer-generated alert displayed, informing the 
provider that the antibiotic should be reserved for patients 
with multidrug-resistant infections and that mandatory ID 
consultation would occur if the antibiotic was continued for 
>72 hours. The provider could then choose to proceed with 
the order or cancel the order and select an alternate antibiotic 
(Supplementary Materials).

Following implementation of the policy, the AMS pharmacist 
began daily (M–F) and thrice weekly reviews of all inpatients on 
meropenem and imipenem at UWMC and HMC, respectively. 
Patients were eligible for PPRF if the antibiotic was initiated and 
approaching 72 hours; at that time, the pharmacist would call 
the primary team to suggest deescalation of therapy if it was 
appropriate based on clinical and microbiological data and to 
remind the team that ID consultation would be required if the 
drug were continued beyond 72 hours. If the team did not ac-
cept the recommendations, or if deescalation did not seem ap-
propriate, the pharmacist would inform the on-call infectious 

disease team of the need for consultation. This process has re-
mained in effect as a system-wide policy after the meropenem 
shortage resolved in May 2016.

Study Design and Outcomes

Our retrospective longitudinal study evaluated meropenem 
and imipenem utilization in hospitalized patients before and 
after the policy was implemented. The preintervention pe-
riod occurred from 1 January 2013 to 14 November 2015; 
the postintervention period occurred from 15 November 
2015 to 31 October 2019. All inpatients were included, with 
the exception of patients who had cystic fibrosis or received 
antibiotics in the NICU. Basic demographics including age, 
sex, and race, as well as clinical comorbidities, were pro-
vided for descriptive purposes (Table 1). The latter was ex-
tracted using International Classification of Diseases (9th 
and 10th edition) codes previously validated for Charleson 
comorbidities [13].

The primary outcome was meropenem and imipenem days 
of therapy (DOT) per 1000 patient-days. A single DOT was re-
corded for 1 or more doses of meropenem or imipenem admin-
istered to a patient on a given day. Ertapenem DOT were also 
calculated and served as a control outcome, as the policy did 
not restrict the use of ertapenem. Secondary outcomes included 
the following: empiric meropenem and imipenem use, or “first 
starts,” which was defined as at least 1 dose of the antibiotic pre-
ceded by a day with no doses; carbapenem duration of therapy 
(for a given course); annual 30-day mortality and length of stay 
(LOS) among patients with gram-negative rod (GNR) bac-
teremia at UWMC; and concurrent antibiotic use trends for 
cefepime, ceftriaxone, and piperacillin-tazobactam at both hos-
pitals. Multiple first starts of meropenem or imipenem could be 
included per patient per hospitalization; however, only 1 first 
start per month was included in our analysis. The subset anal-
ysis to assess clinical outcomes focused primarily on patients 
with GNR bacteremia at UWMC as this hospital serves more 
immunocompromised patients.

Statistical Analysis

The analysis was conducted under an interrupted time se-
ries framework. The implemented PPRF intervention was 
evaluated using segmented regression models [14]. Level 
and slope changes were calculated with data summarized by 
calendar month of the study period from 1 January 2013 to 
31 October 2019. The primary outcome, meropenem and 
imipenem DOT per 1000 patient-days was modeled with a 
negative binomial distribution. The dependent variable was 
the days of therapy each month, and the logarithm of the 
total number of patient-days was included as an offset to nor-
malize the DOT and model the DOT rates. As UWMC and 
HMC consisted of different patient populations and different 
initial rates, the medical centers were modeled separately. 
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Each model included a term for a level change following the 
intervention and a single linear term for postintervention 
slope. We tested for autocorrelation by examining patterns 
in residuals over time and by using the Durbin-Watson test. 
Despite evidence of slight autocorrelation in the first few 
weeks of the postintervention period, we did not observe a 
consistent pattern of autocorrelation later. Ertapenem utili-
zation was also modeled similarly to serve as a control group. 
Model estimates were exponentiated to compute the inci-
dence rate ratio (IRR) and were presented as the percentage 
change in rates by computing IRR − 1.

Secondary antibiotic utilization outcomes included mero-
penem and imipenem first starts and meropenem use duration. 
The first starts were also modeled with a negative binomial model 
with the same framework as the primary outcome. Duration of 
meropenem use was pooled from both medical centers, dichot-
omized as > 72 hours versus 72 hours or less for each course, 
and compared between pre- and postintervention using a χ 2 
test. We also evaluated duration of therapy as a continuous var-
iable comparing pre- and postintervention using Wilcoxon  
rank sum.

We evaluated 30-day mortality and hospital length of stay 
(LOS) as clinical outcomes for GNR bacteremic patients at 
UWMC. For patients with >1 episode of GNR bacteremia, only 
the first episode was included in these analyses. Mortality was 
evaluated using logistic regression, with the intervention (pre/
post) period as a main exposure variable, adjusting for age and 
sex. Patient LOS was fitted with a proportional subdistribution 
hazards regression model accounting for death as a competing 
risk for the main outcome of hospital discharge and adjusting 
for age and sex [15, 16]. All analyses were performed using the 
R computing environment (version 3.5.1).

RESULTS

Baseline Characteristics of Patients

During the study period, a total of 4066 and 2552 patients were 
included for analysis in the pre- and postintervention periods, 
respectively. The 2 groups were similar with regard to baseline 
demographic and clinical characteristics (Table 1).

Antibiotic Utilization

At HMC, median meropenem and imipenem DOT/1000 
patient-days in the pre- and postintervention periods were 
26.2 and 9.6, respectively. At UWMC, median meropenem 
and imipenem DOT/1000 patient days in the pre- and 
postintervention periods were 49 and 15.1, respectively. Figure 1 
displays the results of the interrupted time series analysis.

Meropenem and imipenem DOT at HMC were stable pre-
ceding the intervention (percentage change per month −0.56%; 
95% CI −1.88, .77; P  =  .41). Following the intervention, 
DOT/1000 patient-days decreased by 43.6% (95% CI 20.7, 59.9; 

P  =  .001), and there was a sustained decline per month over 
a 4-year period following the intervention (percentage change 
−1.19%; 95% CI −1.96, −.41; P = .004).

During the preintervention period, meropenem and 
imipenem DOT/1000 patient-days at UWMC similarly re-
mained steady (percentage change per month −0.08%; 95% CI 
−.75, .58; P  =  .80). After implementation of the intervention, 
there was a 72.1% (95% CI 66.9, 76.6) immediate reduction in 
meropenem and imipenem DOT/1000 patient-days indicated 
by the level change for that initial month postintervention 
(P < .001). In the 4 years that followed, this level remained largely 
stable, although a slight gradual increase in meropenem and 
imipenem DOT/1000 patient-days was observed (percentage 
change per month 0.51%; 95% CI .1, .92; P = .02). Negative bi-
nomial regression estimates of meropenem and imipenem use 
can be found in the Supplementary Table.

Ertapenem use served as a control because this antibiotic 
was not specifically targeted by the intervention. There was no 
significant level or slope change in ertapenem DOT per 1000 
patient-days at either institution during these periods of interest 
(Figure 2).

Antibiotic First Starts

Although our policy was intended to impact meropenem and 
imipenem use after 72 hours rather than initiation per se, we 

Table 1. Patient Demographics

Pre-intervention 
n = 4066

Postintervention 
n = 2552

Sex   

 Female 1664 (41) 1031 (40)

 Male 2402 (59) 1521 (60)

Age   

 < 20 44 (1) 45 (2)

 21–30 361 (9) 245 (10)

 31–40 434 (11) 306 (12)

 41–50 586 (14) 358 (14)

 51–60 1029 (25) 594 (23)

 61–70 944 (23) 595 (23)

 > 70 668 (16) 409 (16)

Race   

 Black 311 (8) 224 (9)

 Other 753 (19) 429 (17)

 White 3002 (74) 1899 (74)

Comorbidities   

 Any malignancy 1457 (36) 875 (34)

 Cerebrovascular disease 1391 (34) 1176 (46)

 Chronic pulmonary disease 1346 (33) 1088 (43)

 Congestive heart failure 1478 (36) 894 (35)

 Liver disease 291 (7) 213 (8)

 Metastatic solid tumor 672 (17) 405 (16)

 Myocardial infarction 409 (10) 206 (8)

 Peripheral vascular disease 453 (11) 364 (14)

 Renal disease 1586 (39) 1063 (42)
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observed a significant decline in up-front usage of these anti-
biotics, or “first starts,” at both institutions following the inter-
vention. Figure 3 displays the results of the interrupted time 
series analysis. The intervention was associated with significant 
decreases in first starts of 64.9% (95% CI 58.7, 70.2; P < .001) 
and 44.7% (95% CI 28.1, 57.4; P < .001) at UWMC and HMC, 
respectively. Median number of first starts/1000 patient-days 
declined from 8.7 preintervention to 3.5 postintervention at 
UWMC and from 5.0 to 1.9 at HMC. At HMC, the slope also 
continued to decline following the intervention (percentage 
change per month −0.93%; 95% CI −1.56%, −.29%; P = .006), 
and at UWMC there was a nonsignificant increase in slope 

(percentage change per month 0.3%; 95% CI −.12%, .71%; 
P = .17).

Antibiotic Duration

Using pooled data from both hospitals, the median duration of 
meropenem decreased from 4  days preintervention to 3  days 
postintervention (P < .001). Prior to the intervention, the ma-
jority of meropenem courses were >3  days in duration (2529 
of 4755, 53%), whereas postintervention, there was a statisti-
cally significant shift toward shorter course durations, with 
only 1279 of 3105 (41%) of courses lasting >3 days, P <  .001. 

Figure 2. Ertapenem DOT (January 2013–November 2019). Intervention on 15 November 2015 shown as vertical dashed line. Filled circles represent observed data, 
and solid lines represent model fits from negative binomial segmented regression model. Abbreviations: DOT, days of therapy; HMC, Harborview Medical Center; UWMC, 
University of Washington Medical Center.

Figure 1. Meropenem and imipenem DOT (January 2013–November 2019). Intervention on 15 November 2015 shown as vertical dashed line. Filled circles represent ob-
served data, and solid lines represent model fits from negative binomial segmented regression model. Abbreviations: DOT, days of therapy; HMC, Harborview Medical Center; 
UWMC, University of Washington Medical Center.
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For meropenem orders > 72 hours, the proportion of courses 
6 days or fewer was 54% versus 59% pre- and postintervention, 
P < .001.

Clinical outcomes in GNR bacteremia

Between 1 November 2013 and 15 November 2015 in the 
preintervention period, 49 (25%) of 200 patients with 
GNR bacteremia died; between 15 November 2015 and 30 
November 2018, 63 (21%) of 307 patients with GNR bac-
teremia died. We did not find any significant difference in 
30-day mortality by intervention period, adjusting for age 
and sex.

When evaluating hospital length of stay among patients with 
GNR bacteremia, we found no difference between the pre- and 
postintervention periods (HR 1.06 95% CI .89, 1.3, P  =  .45), 
adjusting for age and sex and accounting for in-hospital death 
as a competing risk.

Antibiotic Use Trends

The use of ceftriaxone, cefepime, and piperacillin/tazobactam 
was evaluated during the study period in order to assess 
whether a potential “squeezing the balloon” effect was pre-
sent, where the restriction of certain antimicrobials may lead 
to increased use of nonrestricted antimicrobials [17]. These 
trends are displayed in Supplementary Materials. Interrupted 
time series analysis was performed on cefepime use and did 
not suggest a statistically significant difference in the baseline 
trend towards increased utilization pre- and postintervention 
(Supplementary Materials). Interrupted time series was not 
performed on ceftriaxone or piperacillin/tazobactam, as no 
obvious pattern was detected for these antibiotics during ex-
ploratory analysis.

DISCUSSION

The present study describes the impact of a 72-hour PPRF 
on carbapenem use and clinical outcomes in 2 academic 
teaching hospitals. We found a significant decline (44–72%) 
in carbapenem consumption following implementation of this 
policy and observed this as a sustained effect over a 4-year pe-
riod postimplementation.

Because our intervention did not restrict initial use of 
carbapenem therapy, one might assume that any decline in 
consumption would be due to earlier deescalation and short-
ened durations of therapy. Indeed, the median duration in 
therapy did decrease from 4 to 3 days following the interven-
tion, and there was a higher proportion of carbapenem courses 
>3 days (53%) in the preintervention period compared to the 
postintervention period (41%). However, the decline in overall 
days of carbapenem therapy was in large part attributable to de-
clines in meropenem and imipenem initiation (“first starts”) in 
the postintervention period, indicating that the reduced con-
sumption was primarily due to a decline in upfront usage of 
carbapenems. Although our policy did not place a restriction 
on initiating carbapenems, when providers placed orders for 
meropenem or imipenem, they were alerted through the elec-
tronic health record to a mandatory ID consultation that would 
occur after 72 hours of meropenem or imipenem use. We believe 
that the warning of ID consultation, and the mindset of scar-
city and conservation that might have been associated with this 
threat, may have played a significant role in reducing empiric 
carbapenem orders and driving down overall carbapenem use.

Our policy of PPRF followed by mandatory ID consulta-
tion gave providers autonomy when prescribing empiric anti-
biotics, however in its ultimate impact, this measure functioned 
similarly to PPA, in that it reduced inappropriate empiric 

Figure 3. Meropenem and imipenem first starts (January 2013–November 2019). Intervention on 15 November 2015 shown as vertical dashed line. Filled circles represent 
observed data, and solid lines represent model fits from negative binomial segmented regression model. Abbreviations: DOT, days of therapy; HMC, Harborview Medical 
Center; UWMC, University of Washington Medical Center.

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciaa1279/5899791 by U

niversity of W
ashington user on 08 January 2021

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1279#supplementary-data
http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1279#supplementary-data


6 • cid 2020:XX (XX XXXX) • Mani et al

carbapenem use [12]. Additionally, it was less resource inten-
sive than PPA for the ASP, as it did not require a physician or 
pharmacist to be on-call to approve empiric antibiotic orders in 
real-time.

The switch to carbapenem-sparing regimens did not appear 
to result in patient harm as measured by short-term mortality 
or hospital duration. We found no difference in 30-day mor-
tality or hospital LOS between the pre- and postintervention 
periods among the high-risk subpopulation of patients with 
GNR bacteremia.

To our knowledge, there have been no studies that have shown 
a significant impact on empiric antibiotics using a PPRF strategy. 
Our study shows that PPRF combined with a potential manda-
tory ID consultation can serve as an impactful yet relatively low-
resource intervention that can significantly reduce carbapenem 
consumption without compromising clinical outcomes.

In traditional PPRF programs, uptake of the ASP’s recom-
mendation is not mandatory, as the primary team has to elect 
to discontinue these antibiotics. Our strategy coupled PPRF 
with ID consultation to ensure that carbapenem appropriate-
ness was assessed by a specialist external to the primary team. 
Partnership between ID consult teams and ASPs has been previ-
ously shown to improve carbapenem use and infection-related 
mortality [18].

There are limitations to our study. First, given that pre-
scribers were alerted of the policy at the time of electronic 
order, our findings may not be generalizable to healthcare sys-
tems that do not use computer prescriber order entry. Next, 
PPRF at Harborview Medical Center was not consistently per-
formed until July 2018. Due to staffing limitations on the ASP 
team prior to that, meropenem orders were reviewed 3 times 
per week rather than daily, and the ASP team relied on assis-
tance from primary team pharmacists to enforce the 72-hour 
policy. This may explain a lower decline in consumption at 
HMC compared to UWMC, where the policy was more rig-
orously implemented from the beginning. Finally, as with any 
observational study, we should be cautious regarding inferring 
causality. However, the immediacy of this decline, the selected 
nature of the effect (no impact on ertapenem or other antibi-
otic usage), and the absence of other competing explanations 
for this observation, would provide compelling evidence that 
the policy resulted in the observed changes in meropenem and 
imipenem use.

CONCLUSION

We observed that PPRF and mandatory ID consultation for 
meropenem and imipenem after 72 hours resulted in a signif-
icant reduction in the use of these drugs, and the effect was 
sustained over 4 years. This relatively low-resource ASP inter-
vention had a marked effect on empiric carbapenem use in ad-
dition to overall carbapenem consumption. It will be important 

to examine whether our findings can be replicated in other care 
settings.
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Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
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