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Abstract

Objective: To evaluate the appropriateness of empiric initiation ofmeropenem in the intensive care unit (ICU) and to determine the agreement
between internal medicine (IM) residents and infectious diseases (ID) physicians/pharmacists on appropriateness.

Design: Retrospective observational study.

Setting: ICU in a tertiary care community teaching hospital.

Participants: Adult patients admitted to the ICU and started empirically on meropenem between April 1 and October 31, 2021.

Methods: Meropenem usage was categorized as appropriate or inappropriate according to criteria developed from previously published
indications andmodified by ID physicians/pharmacists to reflect local practices. Two investigators (an IM resident and either an ID physician
or pharmacist) assessed the appropriateness, with a second ID physician resolving any disagreements. Inter-rater reliability was measured
using the kappa statistic.

Results: Ninety-seven participants were enrolled, with a mean age of 68 (SD, 17.0) years. Pneumonia was the most common infection (30.9%).
Among the participants, 92.8% received an ID consultation, with 55.6% of these occurring before meropenem initiation. IM residents deemed
56.7% ofmeropenem administrations appropriate, whereas an ID physician/pharmacist deemed only 48.5% appropriate, agreeing on 79.4% of
cases (kappa statistic 0.59, P <.001). After a third reviewer’s assessment was included, agreement between the resident and at least one of the
two reviewers reached 90.7% (kappa 0.81, P <.001).

Conclusions: Approximately half of empiricmeropenem started in the ICUwas deemed inappropriate using institution-specific criteria. There
was good agreement between IM residents and ID physicians/pharmacists on meropenem appropriateness. IM residents could contribute to
antimicrobial stewardship efforts, like prospective audit and feedback, using standardized criteria for appropriateness.

(Received 8 May 2024; accepted 31 July 2024)

Introduction

Managing severe infections in the intensive care unit (ICU) and
selecting appropriate empiric antibiotics are challenging. When
infection is suspected, prompt initiation of antibiotics, ideally in the
first hour, is required to improve outcomes.1 The selection of empiric
antibiotic therapy should be based on the severity of illness, source of
infection, patient risk factors (eg, immunosuppression, recent
antibiotic use), medication allergies, local susceptibility patterns,
and susceptibility of prior organisms identified.2 Initiation of
inappropriate empiric antimicrobials is associated with increased

morbidity and mortality rate, healthcare costs, and the develop-
ment of antimicrobial resistance (AMR).3 The Centers for Disease
Control and Prevention estimated that the cost of AMR is $55
billion every year in the United States: $20 billion for direct
healthcare costs and about $35 billion for loss of productivity.4

Meropenem is a broad-spectrum antibiotic of the carbapenem
family used for severe infections caused by multidrug-resistant
organisms (MDRO). Meropenem is a useful medication to use
empirically when there is a suspected MDRO infection or
definitively for confirmed MDRO infections due to its broad-
spectrum activity and low toxicity profile.5 The misuse of
meropenem is associated with the development of carbapenem-
resistant Enterobacterales, which are estimated to cause 19,000–
49,000 infections annually in the United States.6 The prevention
and control of MDRO have become a public health priority.7,8
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The literature reveals that inappropriate use of meropenem is a
prevalent problem. Studies evaluating meropenem use in hospitals
have reported that 21%–46.5% of meropenem prescriptions are
inappropriate.9–12 The studies evaluating the appropriateness of
meropenem use have been performed by pharmacists or infectious
diseases (ID) specialists.13,14 No studies reporting internal
medicine (IM) resident-led assessment of the appropriateness of
meropenem use were found. The aim of this study, therefore, was
to assess the appropriateness of empiric initiation ofmeropenem in
the ICU at a tertiary care community teaching hospital but also to
determine the agreement between IM residents and ID attendings/
pharmacists on assessment of appropriateness.

Methods

Study design, participants, and data collection

This was a retrospective observational study that was conducted
by reviewing the electronic medical records of adult patients
(≥18 years old) who were admitted to the ICU of a tertiary care
community teaching hospital and received at least 1 dose of
meropenem as empiric therapy between April 1st and October 31st,
2021. Patients with available culture data for active infection and
those started on meropenem prior to transfer to the ICU were
excluded.

At our institution, many broad-spectrum and high-toxicity
antimicrobials can be ordered by front-line providers, but the order
includes a mandatory ID consult within 24 hours, and the ID
physician must then approve the agent to continue. At the time of
the study, this restriction on meropenem did not apply to critical
care physicians but did apply to other specialties (cardiology,
surgery, etc.). Daily prospective audit and feedback (PAF) was
started in July 2021 but only for new starts of the unrestricted
agents of piperacillin-tazobactam and ceftriaxone. Additionally,
there were urinary tract infection (UTI) treatment guidelines that
recommended empiric meropenem for patients with a history of
extended-spectrum beta-lactamase (ESBL)-producing organisms.
There were no specific guidelines relating to empiric carbapenem
indications. Per the contemporary antibiogram, approximately
10% of systemic and urinary isolates of Escherichia coli and
Klebsiella pneumoniae were ESBL-producing organisms.

Meropenem use was classified as appropriate or inappropriate
based on criteria developed from previously published indications
and risk factors modified by ID specialists and the ID pharmacist
involved in the study to reflect local practices.15–19 Appropriate
empiric initiation of meropenem was defined using the criteria
listed in Table 1. Severe infection was defined as sepsis (life-
threatening infection with at least one sign of organ dysfunction,
elevated creatinine, transaminitis, new or worsening change in
mental status, or use of supplemental oxygen) or septic shock
(sepsis refractory to guideline-directed intravenous fluid hydration
and requiring vasopressor support) or severe neutropenic fever
(absolute neutrophil count <500/mL and temperature≥ 101°F or
38.3°C). Risk factors for ESBL include long-term care facility
resident, intravenous antibiotic use in the last 3 months,
hemodialysis or presence of an intravascular catheter, percuta-
neous feeding tube, or indwelling urinary catheter.20–27 Criteria
selection was based on clinical judgment and a holistic review of
the medical record.

The appropriateness of meropenem use was independently
assessed by 2 investigators (1 IM resident and either a primary ID
physician or ID pharmacist), both blinded to the others’ assessment
until the review was complete. Conflicts in the assessment were

resolved by a second ID physician review. A total of three residents
participated, two PGY-3 and one PGY-2, at the time of the study. All
three residents have pursued specialty training in pulmonary and
critical care medicine.

Other variables collected included demographic data, duration
of antibiotic administration, ICU and hospital length of stay (LOS),
presence of ID consult, and in-hospital mortality.

Statistical analysis

Descriptive statistics were performed using frequencies for
categorical data and measures of central tendency and dispersion
for continuous data, as appropriate. Outcomes were reported as
frequencies and inter-rater reliability was measured using the
kappa statistic. Characteristics of participants with meropenem
orders deemed “appropriate” by either of the two ID physicians or
ID pharmacist were compared to those with “inappropriate”
prescriptions using the Mann–Whitney test, χ2 test, or Fisher’s
exact test, as appropriate. Analysis was performed using Stata 18
(College Station, TX: StataCorp LLC). P values of <.05 were
considered statistically significant.

Results

During the study period, 130 patients on meropenem in the ICU
were screened, but only 97 patients meeting the inclusion criteria
were enrolled. Thirty-three patients, including duplicates and
those meeting the exclusion criterion of meropenem initiation
prior to ICU admission, were excluded. Table 2 shows the baseline
characteristics of the participants. The mean age of participants
was 68 (SD, 17 years) years, and approximately 76.3% were of
white race. Pneumonia was the most prevalent infection upon
admission (30.9%), and 79.4% of patients were admitted by the
critical care team. The median ICU length of stay (LOS) was 5.3
days (interquartile range [IQR], 3–13), while hospital LOS was 14
days (IQR 8–28). In-hospital mortality was observed in 43.3% of
patients. Of the 97 patients examined in the study, 90 (92.8%)
received an ID consultation. Among those who received
consultations, 50 patients (55.6%) had ID consultations prior to
initiation of meropenem.

Fifty patients were reviewed by a pharmacist, and 47 patients
were reviewed by an ID physician. IM residents determined that 55

Table 1. Criteria for empiric use of meropenem15–19

1. Severe infection* and history of infection or colonization with
extended-spectrum beta-lactamase (ESBL) producing organism or
multidrug-resistant Pseudomonas aeruginosa infection in the
past 6 mo

2. Severe infection* and at least 1 risk factor^ for ESBL-producing
organisms in the past 6 mo

3. Severe infection* and severe penicillin allergy (anaphylaxis)

4. Persistent fever or hemodynamic instability in a patient who is
already receiving broad-spectrum β-lactam (agents with anti-
pseudomonal coverage that are not carbapenems) for at least 48 h

5. Nosocomial bacterial meningitis

*Sepsis (life-threatening infection with at least one sign of organ dysfunction, elevated
creatinine, transaminitis, new or worsening change in mental status, or use of supplemental
oxygen) or septic shock (sepsis refractory to intravenous fluid hydration and requiring
vasopressor support) or severe neutropenic fever (absolute neutrophil count <500/mL and
temperature≥ 101°F or 38.3°C).^Long-term care facility resident, antibiotic use in the last
3 months, hemodialysis or presence of an intravascular catheter, percutaneous feeding tube,
or indwelling urinary catheter.
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of the 97 patients (56.7%) were appropriately administered
meropenem, whereas an ID physician/pharmacist determined
that only 47 of the 97 patients (48.5%) received empiric
meropenem appropriately. Of the 90 patients with ID consultation
during ICU stay, 44 (51.1%) were deemed to have appropriate
meropenem use. Agreement between the primary ID physician/
pharmacist and IM resident was in 77 of the 97 (79.4%) patients
(kappa 0.59, P <.001). Among the 20 disagreements between IM
residents and ID physician/pharmacist, 7 disagreements (35%)
were with the pharmacist, and 13 disagreements (65%) were with
the ID physician. In the disagreements, a second ID physician agreed
with IM residents in 12 of 20 cases (60%). The second ID physician
agreed with the resident that the meropenem initiation was
appropriate (when the initial ID physician or pharmacist deemed
the initiation inappropriate) 11 of 12 times (91.7%) and that
the meropenem was inappropriate (when the initial ID physician or
pharmacist deemed the initiation appropriate) 1 of 12 times (8.3%). In
all cases where the second ID physician agreed with the resident, they
also agreed on the criteria. When examining IM resident agreement
with either of the 2 ID physicians or ID pharmacist, it occurred in 89
of 97 (91.7%) cases (kappa 0.81, P <.001).

In the 8 cases where the second ID physician also disagreed with
IM residents, the IM residents considered the initiation inappro-
priate in 5 of 8 cases (62.5%), while either of the two ID physicians
or the ID pharmacist deemed it appropriate, agreeing on the same
criteria. Conversely, in the remaining 3 of 8 cases (37.5%), the IM
residents found the initiation appropriate based on criterion no. 4
as mentioned in Table 1 (Persistent fever or hemodynamic
instability in a patient who is already receiving broad-spectrum
β-lactam [agents with anti-pseudomonal coverage that are not
carbapenems] for at least 48 hours), whereas either of the 2 ID
physicians or the ID pharmacist considered it inappropriate.

The most common criterion for appropriate use of meropenem
as determined by both IM residents and ID physician/pharmacist
was initiation due to persistent fever or hemodynamic instability,
despite having received broad-spectrum β-lactam treatment
(agents with anti-pseudomonal coverage that are not carbape-
nems) for at least 48 hours (25.8% and 20.6%, respectively)
(Table 3). Among the cases where IM residents and an ID
physician/pharmacist agreed on appropriateness, they agreed on
the same criterion for meropenem initiation 87% of the time,
yielding a kappa statistic of 0.81 (P <.001).

A comparison of participants (Table 4) based on meropenem
administration appropriateness determined by ID physician/
pharmacist showed that in patients where ID physician/pharma-
cist deemed appropriate meropenem use, the median days of
meropenem use was 3 days (IQR 2, 6),

while those where empiric meropenem was deemed inappro-
priate have a median duration of 2 days (IQR 1, 5; P= 0.045).
Other characteristics, including hospital and ICU LOS, in-hospital
mortality, and admitting service, were not significantly different
between the groups.

Discussion

Meropenem is a widely used empiric antibiotic with bactericidal
properties; it inhibits bacterial cell wall synthesis by binding to and

Table 2. Participant characteristics

Mean age 68 (SD, 17.0)

Race

White 74 (76.3%)

Black or African American 12 (12.4%)

Other 11 (11.3%)

Infection site

Pneumonia 30 (30.9%)

CNS 3 (3.1%)

Bloodstream 4 (4.1%)

SSTI 4 (4.1%)

Intra-abdominal 22 (22.9%)

UTI 24 (24.7%)

Febrile neutropenia 4 (4.1%)

Bone and joints 6 (6.2%)

Admitting service

Surgery 10 (10.3%)

Trauma 1 (1.0%)

ICU 77 (79.4%)

Cardiology 9 (9.3%)

In-hospital mortality

No 55 (56.7%)

Yes 42 (43.3%)

Hospital stay and antibiotic duration (Days/Interquartile range [IQR])

Median LOS 14 (8, 28)

Median days of meropenem use 3 (1, 6)

Median LOS after stopping meropenem 3 (1, 9)

Median ICU LOS 5.3 (2.8, 12.6)

Median ICU LOS after stopping meropenem 4 (2,7)

Note. CNS, central nervous system; SSTI, skin and soft tissue infections; UTI, urinary tract
infection, ICU, intensive care unit; LOS, length of stay.

Table 3. Criteria selected for appropriate empiric use of meropenem

Criteria

IM residents
(number/%)
[n = 55/97]

ID physician/
pharmacist
(number/%)
[n = 47/97]

Severe infection and history of ESBL-
infection/colonization or MDR
Pseudomonas aeruginosa infection in
the past 6 mo

10 (10.3%) 10 (10.3%)

Severe infection and at least 1 risk
factor for ESBL-producing organisms in
the past 6 mo

14 (14.4%) 14 (14.4%)

Severe infection and severe penicillin
allergy

2 (2.1%) 3 (3.1%)

Persistent fever or hemodynamic
instability in a patient who is already
receiving broad-spectrum β-lactam
(agents with anti-pseudomonal
coverage that are not carbapenems) for
at least 48 h

25 (25.8%) 20 (20.6%)

Nosocomial bacterial meningitis 1 (1.0%) 0 (0%)

Febrile neutropenia 3 (3.1%) 0 (0%)

Note. IM, internal medicine; ID, infectious diseases; ESBL, extended-spectrum beta-
lactamase; MDR, multidrug resistant.
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inactivating penicillin-binding proteins.28 It has broad activity
against gram-positive, gram-negative, and commonanaerobic bacteria
(eg, Bacteroides fragilis, Bacteroides group, and Fusobacterium spp.);
however, meropenem has no coverage against Enterococcus faecium,
methicillin-resistant Staphylococcus aureus, methicillin-resistant
coagulase-negative Staphylococci, vancomycin-resistant Enterococcus,
and Stenotrophomonas maltophilia.5,7 It is FDA approved for the
treatment of bacterial meningitis, complicated skin and skin structure
infections, and bacterial meningitis. However, it can also be used for
bloodstream infections, febrile neutropenia, bone and joint infections,
complicated intra-abdominal infections, complicated UTI, obstetric
and gynecological infections, severe community-acquired pneumonia,
hospital-acquired pneumonia, and ventilator-associated pneumonia, if
the infection is suspected to be caused by susceptible bacteria.5 Our
study showed that meropenem was most used empirically to treat
pneumonia (30.9%), similar to a previous study (31.7%).13

Antimicrobial stewardship has been defined as “the optimal
selection, dosage, and duration of antimicrobial treatment that
results in the best clinical outcome for the treatment or prevention
of infection, with minimal toxicity to the patient and minimal
impact on subsequent resistance.”29 However, there are no
standardized definitions for appropriate and inappropriate
therapy, and studies differ on the definition to assess the
appropriateness of use. Most commonly, appropriate empiric
therapy is defined as selecting an antimicrobial based on the
suspected source of infection and disease severity.29,30 Another
definition of appropriateness is the use based on practice
guidelines, institution protocols, and accepted norms for the site
of infection.31 We devised our own standards for meropenem
appropriateness, drawing from past research guidelines15,16 and
adapting them to suit our local protocols to reflect multidrug-
resistant organism trends (Table 1).

Antimicrobial stewardship programs (ASP) help organizations
ensure antibiotics are used appropriately by understanding local
needs and prescriber behaviors. Key components like preautho-
rization, which requires clinician approval for certain antibiotics
before prescription, and PAF, which engages providers post-
prescription, effectively improve antibiotic use, reduce resistance,
and lower Clostridioides difficile infection rates without increasing
mortality.32 In our study, the general agreement between the

primary ID physician/pharmacist and IM resident for appropriate
administration of meropenem was in 79.4% of cases, with a kappa
statistic indicating a weak agreement between the 2 parties.33 The
agreement improved to 91.7% after a second ID physician reviewed
the disagreements, indicating strong agreement. IM residents and
an ID physician/pharmacist agreed on the same criterion for
meropenem initiation 87% of the time, with kappa statistic
indicating a strong agreement. There is a significant influence on
the IM residents in the ICU with a large team of attendings and
their individual preferences for antibiotics whereas during PAF
residents are separated from the influence of others. This indicates
that IM residents could contribute to ASP efforts using standardized
criteria for appropriateness, as they share strong agreement with the
“gold standard” ID physicians and pharmacists. This could be
achieved by adding an ASP rotation during residency with
independent reviews by IM residents using standardized criteria.

The duration of meropenem administration was shorter in
patients where the ID physician/pharmacist deemed meropenem
usage inappropriate. Also, inappropriate meropenem got discon-
tinued earlier because culture data indicated no data for its use, or
some patients had an ID consult and they deemed inappropriate
use. Other characteristics were not different between the groups.
These comparisons were not adjusted for potential confounders
andmay be under-powered as they were not the primary aim of the
study, so they should be considered exploratory.

Our study confirms the high rates of inappropriate use of
meropenem in critically ill patients, indicating it is an important
area of focus for ASP efforts. To our knowledge, it is the first study
to use IM residents as evaluators of appropriateness. Our study has
limitations. It was performed at a single center, a teaching
community hospital ICU, so results may not be generalizable to
other types of hospitals. The sample size was small, but we were
able to identify that approximately half of the meropenem orders
were inappropriate and kappa statistic P values were significant.
This was a retrospective study, but we minimized selection bias by
including all patients who had meropenem initiated in the ICU
during the study period regardless of any other baseline
characteristics. Appropriateness was determined based on chart
review which relied on documentation of the patient’s history,
course, and comorbidities, which may not always be complete or

Table 4. Comparison of clinical characteristics based on meropenem administration appropriateness determined by ID clinician/pharmacist

Variable Appropriate Not appropriate P value

LOS (days/IQR) 14 (8, 29) 14.5 (7, 28) 0.5536

Meropenem duration (days/IQR) 3.0 (2.0, 6.0) 2.0 (1.0, 5.0) 0.045

LOS after meropenem initiation (days/IQR) 3.0 (1.0, 10.0) 3.0 (1.0, 8.0) 0.852

ICU LOS (days/IQR) 5.2 (3.0, 11.9) 5.6 (2.4, 12.2) 0.994

ICU LOS after meropenem initiation (days/IQR) 4.0 (2.0, 6.0) 4 (2.0, 8.0) 0.968

In-hospital mortality (number/%) 19 (40.4%) 23 (46%) 0.580

ID consult (number/%) 44 (93.6%) 46 (92.0%) >0.99

Admitting service (number/%) 0.084

Critical care (n = 77) 41 (53.3%) 36 (46.8%)

Cardiology (n = 9) 3 (33.3%) 6 (66.7%)

Surgery (n = 10) 2 (20%) 8 (80%)

Trauma (n = 1) 1 (100%) 0 (0%)

Note. LOS, length of stay; ICU, intensive care unit; ID, infectious diseases.
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accurate. Indeed, the IM residents missed or overcalled some
criteria (allergy status, nosocomial bacterial meningitis, febrile
neutropenia, and persistent fever/hemodynamic instability) as
shown in Table 3, indicating that careful chart review is necessary
and may require prior training, especially if residents will be used
in the PAF process which relies on meticulous chart review.

This study highlights a significant prevalence of improper
empiric meropenem usage among critically ill patients.
Nevertheless, it also demonstrates that IM residents can aid in
antimicrobial stewardship initiatives by employing standardized
criteria to determine appropriateness.
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