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Purpose: To describe meropenem empirical use, susceptibility trend, and associated factors
for acquired nonsusceptibility in P. aeruginosa in the intensive care unit.

Patients and Methods: This study was conducted in the intensive and high care unit of a
tertiary care hospital in Indonesia to evaluate empirical meropenem bolus administration
protocol. All patients admitted during the 3 year study period from January 2018 through
January 2021 with culture-confirmed P. aeruginosa infection were included in the study.
Primary data were collected from hospital database electronic medical record and series of
local biannual report of microorganism susceptibility pattern.

Results: The data suggested that there was increasing trend in meropenem nonsusceptibility
and multidrug-resistance rates. A total of 135 patients with various primary diagnoses and
comorbidities were studied. P. aeruginosa isolates were mostly (73.4%) obtained from
sputum specimen. Empirical meropenem therapy was administrated in 24.4% of patients
with standard- and high-dose as indicated. Nonsusceptibility was acquired in 37% patients
who mostly received empirical therapy. Multivariable analysis revealed protocol being
evaluated as a statistically significant risk factor for nonsusceptibility in P. aeruginosa (PR
=30.65; p <0.001).

Conclusion: Empirical meropenem administration protocol in this study was an indepen-
dent determinant of nonsusceptibility acquisition in P. aeruginosa. These findings proved that
empirical therapeutic strategy modification is indispensable and routine evaluation practice
should be promulgated.
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Introduction

Ever-growing consumption of antibiotics all over the world gives rise to the
concern of its judicious use and expected efficacy. Global estimation of antibiotic
consumption reported a 65% increase during 15 years observation up to 2015,
followed by further 15% projected increment by the end of the year 2030. Low- and
middle-income countries (LMICs) as the main driver of this phenomenon are likely
to face the impending danger of unresolved infectious disease burden compounded
by resistant infections.! Resistance also poses increased mortality risk and eco-
nomic burden hence resulting in unavailing effort.>* The intricate problem of
antimicrobial resistance adds an overwhelming complexity to critical care manage-

ment in which timely targeted therapy is imperative. While antibiotics were
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administered in almost three-fourths of intensive care unit
(ICU) patients, unnecessary use was indicated in up to half
of the cases.”

Among the notorious nosocomial pathogens in the ICU
referred to as the ESKAPE group (Enterococcus faecium,
Klebsiella
Acinetobacter baumannii, Pseudomonas aeruginosa, and

Staphylococcus ~ aureus, pneumoniae,
Enterobacter sp.), multidrug-resistant Pseudomonas aeru-
ginosa emerged as a formidable pathogen with level of
resistance exceeding 50% in various LMICs.> Similarly,
unequivocal decreasing susceptibility of P. aeruginosa to
last resort antibiotics which are intended to be used pru-
dently such as carbapenems was observed in multiple
ICUs in Indonesia alone.®’ Carbapenems are recom-
mended for empirical therapy in intensive care setting
considering the wide array of indications that they cover,
particularly meropenem in the context of P. aeruginosa
suspicion on the grounds of its relative superiority over
other agents within the class.®’ Hence, prompt investiga-
tion is warranted to address the potential of meropenem
resistance in P. aeruginosa.

Evaluation at facility-level to improve antibiotics use is
one of the core elements of antibiotic stewardship program
(ASP) as stated in the latest update by the Centers for
Disease Control and Prevention.'” The need for local ICU
data integration in constructing national guideline to pur-
sue ASP efforts is further emphasized in American
Society (ATS) Workshop
However, local data are still underrepresented and recent

Thoracic collaboration."'
review only identified two studies from Indonesia.’
Aggregation of multicentral data is expected to assist in
the development of national guidelines which in turn
would be tailored to fit into local hospital-wide ASP
implementation. This study aims to describe meropenem
empirical use, susceptibility trend, and associated factors
for acquired nonsusceptibility in P. aeruginosa during the
three-year observation period.

Patients and Methods
This observational study was conducted from January
2018 through January 2021 in the ICU and high care
unit (HCU) of a tertiary care hospital in Indonesia. The
21-bed ICU and 7-bed HCU facilitates critically ill medi-
cal and surgical patients. Bacterial isolates collection and
subsequent antimicrobial susceptibility testing was done
by the microbiology department of a tertiary hospital, of
described

which complete procedure was in detail

elsewhere.’

All patients admitted to the ICU and HCU with cul-
ture-confirmed clinical P. aeruginosa infection, regardless
of the level of susceptibility, were included in the study.
Any duplicate, incomplete data, and meropenem adminis-
tration beyond 30 days prior to culture specimen collection
rendered subject exclusion. Clinical data were extracted
from electronic medical record in the hospital database,
while microbiological data were derived from routine
biannual report of local microorganism susceptibility pat-
tern. Current study protocol conformed with the
Declaration of Helsinki and its following amendments
and was approved by Universitas Udayana/Sanglah
General Hospital research ethics committee (no.
LB.02.01/XIV.2.2.1/12961/2021). Patient informed con-
sent was obtained prior to study commencement and data
confidentiality was ensured by omitting protected health
information.

The working definition of antibiotic stewardship pro-
vided by ATS in 2020 was set to be the cornerstone of
variables being studied.'" Given a priori-determined drug
of interest, time of administration, and targeted pathogen,
the remaining variables of dose and duration became the
independent variables. Empirical meropenem administra-
tion in the ICU was done under the protocol of one-
(standard-dose) or two-gram (high-dose) intravenous mer-
openem in 100 mL of normal saline over 30 minutes to an
hour infusion every 8 hours (q8h) for 7 days or until the
result of culture and sensitivity testing was issued. High-
dose administration involved clinical decision-making
based on infection severity and/or overnutrition status (ie,
overweight and obesity). Clinical indications for empirical
meropenem administration encompassing sepsis, urinary
tract infection, and ventilator-associated pneumonia.
Antimicrobial exposure was a subset of antimicrobial
duration which represented the time from initial adminis-
tration until culture specimen collection. Resistance or
intermediate susceptibility was considered as meropenem
nonsusceptibility in this study and the categorization was
made according to the Clinical and Laboratory Standards
Institute (CLSI) guidance applicable in corresponding year

of study period.

Statistical Analysis

Microsoft® Office Excel 2016 for Windows, version 2002
(Microsoft Corporation) and the Statistical Package for
Social Sciences version 23 (IBM Corp, Chicago, IL,
USA) were used for data organization and analysis,
respectively. Descriptive analysis was done to present
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preliminary data summary. Numerical measures were
reported in appropriate central tendency and dispersion
based on data distribution, as one of the pairs of median
and interquartile range or mean and standard deviation.
Categorical variables were reported as absolute number
and percentage. Each patient was assigned for single cate-
gory for all categorical variables except for comorbidity
where multiple comorbidities were accounted for.
Univariate analysis using chi-square test and independent
t-test were done to identify variables with a significance
level of less than 0.1 and include them in the multivariate
model. Selected variables were then compared with multi-
variable logistic regression analysis using enter method.
Kolmogorov—Smirnov test was employed to determine
data normality. A p value of less than 0.05 was considered
statistically significant.

Results

Baseline Characteristics

A total of 135 patients were recruited and included in the
analysis (Table 1). The mean age was 51.3+17.4 years with
predominantly males (68.9%). Most patients were admitted
for neurosurgical primary diagnosis (32%) and invasive pro-
cedure or surgery in the current episode of care as comorbid-
ity (68.9%). Sputum specimen (73.4%) was obtained
markedly more than other specimen materials.

Meropenem Use

Table 2 shows the details regarding meropenem use in this
study. Meropenem was used as empirical agent in 33 (24.4%)
patients to whom mainly (87.9%) standard-dose was admini-
strated, while high-dose was administrated in the remaining
12.1% of patients. The mean exposure and duration of mer-
openem use were 9.9+4.0 and 12.3+7.1 days, respectively.

Meropenem Susceptibility Trend

Direct comparison of ICU and overall hospital trends for

Table 1 Demographic and Clinical Characteristics

N %
Sex
- Male 93 68.9
- Female 42 311
Primary diagnosis
- Cardiovascular 5 37
- Digestive surgery 17 12.6
- Internal medicine 19 14.0
- Neurology 6 44
- Neurosurgery 43 32.0
- Gynecology 3 2.2
- Oncology 6 4.4
- Orthopedic 15 .1
- Plastic surgery | 0.7
- Pulmonology 4 3.0
- Thorax surgery 8 6.0
- Urology 7 5.2
- Vascular surgery | 0.7
Comorbidities
- Sepsis 9 4.4
- Malignancy 27 13.2
- Cerebrovascular disease 14 6.8
- Kidney failure 10 49
- Cardiovascular disease 12 5.9
- Invasive procedure or surgery | 99 48.3
- Trauma 34 16.6
Specimen
- Sputum 99 734
- Urine I 8.1
- Wound 14 10.4
- Tissue | 0.7
- Pus 2 1.5
- Pleural fluid 3 22
- Blood 5 37

Table 2 Meropenem Use

N (%) or MeantSD

Empirical therapy

meropenem susceptibility rates starting from a year prior to - Yes 33 (24.4)
the study period is presented in Figure 1. The first optimal -No 102 (75.6)
susceptibility rate was achieved in the first semester of 2018 Dosage
in both observed scales. Susceptibility rate of isolates col- - Standard-dose 29 (87.9)
lected from the ICU then dropped to 0 by the end of 2018, - High-dose 4(12.1)
before surpassing (84%) hospital susceptibility rate (78%) in Exposure (days) 9.9+4.0
late 2019. The latest ICU susceptibility rate reported (62%)

. . L. . Duration (days) 12.347.1
declined approaching the initial optimal rate (61%).
International Journal of General Medicine 2021:14 https:
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Figure | Trends of meropenem susceptibility rates for P. aeruginosa isolated from
the ICU and hospital-wide. (Dashed trendline represents moving average of two
consecutive study periods in hospital susceptibility rate).

The number of isolates was taken into consideration to
interpret the susceptibility trends (Figure 2). Total number
of P. aeruginosa isolates collected in the hospital fluctu-
ated while consistently staying above the minimum thresh-
old. The opposite is true for the number of ICU isolates
which did not meet the minimum threshold throughout the
study period, especially at its lowest point in late 2018
when only 4 isolates were obtained.

Meropenem Nonsusceptibility and Its
Associated Factors

An increase in the rate of multidrug-resistant P. aeruginosa
occurred concurrently with the reduction of susceptibility
rate (Figure 3). The figure rose from 16% to 30.3% in two
consecutive periods of late 2016 (data not shown) towards
early 2017, and then from 16.8% to 23.2% in the first half
of the year 2019 and 2020, respectively.
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Figure 2 Number of P. ageruginosa isolates collected to generate susceptibility
trends in ICU and hospital. (Dashed horizontal gridline indicates the minimum
threshold for number of isolates [n = 30]).

40

30

20

Rate (%)

2017-1 2017-11 2018-1 2018-11 2019-1 2019-11 2020-1
Hospital 303 16.8 232
Period (year-semester)

Figure 3 Trend of multidrug-resistant P. aeruginosa rate. (Dashed trendline repre-
sents moving average of two consecutive study periods).

Nonsusceptibility was acquired in 50 (37%) patients
who mostly received meropenem as an empirical therapy
(87.9%). Empirical therapy was the only variable with
significant association with nonsusceptibility acquisition.
Nonetheless, age and sepsis were included in the multi-
variate model as the level of significance fulfilled the
predetermined threshold (Table 3). Meropenem use as
empirical therapy (PR = 30.65; p <0.001) was indepen-
dently associated with its nonsusceptibility in P. aerugi-
nosa on multivariate logistic regression analysis (Table 4).

Discussion

To the best of our knowledge, this was the first study to
integrate local meropenem susceptibility data with the
review of its empirical use and nonsusceptibility simulta-
neously. Consolidation of these point of interests as a part
of periodic evaluation would bring forth sharper outlook of
the gaps to be addressed by ASP program. This local data
representing one of the leading referral centers in LMIC
was also intended to enrich the landscape of ICU-related
antibiotic nonsusceptibility occurrence and determinants at
large. The result demonstrated that apt use of meropenem
as empirical agent was maintained with standardized pro-
tocol. Meanwhile, a propensity for increasing nonsuscept-
ibility and resistance to meropenem and other antibiotics
in P. aeruginosa was evident. Current study was done to
appraise the implemented protocol in attempt to reinvent
prospective treatment strategy.

Major problems of carbapenem empirical therapy in
the ICU can be rationalized by the distinct challenges
and burdens each clinical indication caused thereof.
Proper empirical treatment strategy is pivotal in sepsis,
as a multicenter study in Southeast Asia revealed failure
in pathogen identification in 52.4% of the adult cases.'?
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Table 3 Analysis of Risk Factors for Meropenem Nonsusceptibility

Risk Factors Nonsusceptibility P
Yes (N=50) No (N=85)

Age (years) 54.8£14.9 49.4+185 0.08
Exposure (days) 9.9+4.1 9.3%£3.8 0.76
Duration (days) 12.5+7.5 10.5+2.1 0.60
Males 34 (36.6) 59 (63.4) |
Sepsis 6 (66.7) 3 (33.3) 0.08
Malignancy 7 (25.9) 20 (74.1) 0.27
Cerebrovascular disease 6 (42.9) 8 (57.1) 0.77
Chronic kidney disease 4 (40) 6 (60) |
Cardiovascular disease 6 (50) 6 (50) 0.36
Invasive procedure or surgery 35 (354) 64 (64.6) 0.55
Trauma 15 (44.1) 19 (55.9) 0.41
Empirical therapy 29 (87.9) 4(12.1) <0.001*
Standard-dose administration 25 (86.2) 4 (13.8) [

Notes: Data expressed in meanSD or counts (percentage). *Indicates statistically significant p values.

Table 4 Multivariate Logistic Regression Analysis Identifying
Independent Risk Factors for Meropenem Nonsusceptibility

Variable Adjusted OR (95% CI) p

Age 0.97 (0.95-1) 0.053
Sepsis 1.46 (0.25-8.51) 0.671
Empirical therapy 30.65 (9.19-102.23) <0.001*

Note: *Indicates statistically significant p values.

Similarly, causative pathogen was unidentifiable in 23.4%
ventilator-associated pneumonia (VAP) and antibiotic sus-
ceptibility in identified pathogens was gradually
declining."® Apprehension of escalating resistance rate
was notable for urinary tract infection, of which burden
due to carbapenem resistance was largely contributed by P,
aeruginosa.14

A randomized clinical trial reported comparable clin-
ical, microbiological, and pharmacological outcomes of 1-
g and 2-g meropenem infusion q8h over 3 hours adminis-
tration in sepsis and septic shock patients. However, the
pharmacological surrogate outcome of 40% of the time
above identified minimum inhibitory concentration (fT >
MIC) was not achieved in both doses for MIC of 8 mg/
L."> Moreover, another study on meropenem clinical phar-
macokinetics reported that 1-g dose with the same mode of
administration and disease targets never achieved 40% fT
> 4 mg/mL from the first until the third day of treatment.®
Higher doses of up to 3-g were studied in VAP caused by
multidrug-resistant bacteria. The study demonstrated that

the clinical success rate was similar between 2-g and 3-g

doses over 3 hours infusion, but superiority in sequential
organ failure assessment (SOFA) score reduction was
found in the latter.'’

Various combination of bolus-extended infusion regi-
mens were analyzed and simulated using pharmacokinetics
modeling and simulation. Administration of meropenem
1.5-g or 2-g q6-8h preceded by once 0.5-g bolus could
achieve and maintain 40% fT > 4 mg/mL until third day of
treatment in compartmental analysis and simulation.'® A
more profound Monte Carlo simulation was done to assess
meropenem administration in meropenem-nonsusceptible
strains (MIC > 16 mg/L). Optimal target of >90% for
probabilities of target attainment (PTA) and cumulative
fractions of response (CFR) was set to predict pharmaco-
dynamic attainment. The simulation involved the follow-
ing doses divided into 39 regimens with or without
intravenous bolus (IVB): 0.5-g, 1-g, and 2-g q8h with
0.75-g and 1.5-g q6h being the dosage modifications of
the latter two. None of the extended infusion regimens
administrated over 4-6 hours achieved the requisite tar-
gets, while the combination regimens of 0.5 g (5-min [VB)
+0.25 g (5-6 h), 0.5 g (5-min IVB) + 0.5 g (5-6 h), 1-1.5
g (5-min IVB) + 0.5 g (46 h), 0.5-1 g (5-min IVB) + 1 g
(46 h), and 0.5 g (5-min IVB) + 1.5 g (5-6 h) were
predicted to achieve the targets in different P. aeruginosa
infections at MIC 16 mg/L.'®

When assessing the outcome of antibiotic administra-
tion, it is important to consider antibiotic dose and admin-
istration mode to compare dosing strategy. Meropenem
dosing strategy applied in this study differed notably in
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exclusive intermittent bolus administration compared to
those of latest studies published beyond current study
period initiation. Accumulated clinical studies were in
favor of extended infusion administration, as demonstrated
in a previous meta-analysis,'® with higher doses required
especially for nonsusceptible strains. Despite the well-
established time-dependent bactericidal activity of mero-
penem, extended infusion for up to 6 hours was not suffi-
cient and acceleration of peak time achieved through
initial bolus dose may be necessary for isolates with higher
MIC."® Large inter-individual variability of meropenem
serum concentration may also contribute to the aforemen-
tioned phenomenon.”’ These data suggested that bolus
dose administration held the potential role to allow for
dose reduction and counter resistance when administered
in adjunction to extended infusion dose.

Antecedent decreasing trend of meropenem susceptibil-
ity in P. aeruginosa was reported in isolates obtained from
our local ICU. The susceptibility rate reduction from 75% to
64% reported in two previous studies®'*** in 2013 through
2015 continued thereafter to 47% by late 2017. More subtle
decline recurred approaching the end of current study per-
iod hence yielding a curvilinear graph assuming unimodal-
ity in meropenem susceptibility rate (Figure 1). The
SENTRY worldwide surveillance program reported higher
overall (77.4%) and Asia-Pacific (82.8%) susceptibility
rates in 20132016 compared to our facility.”> Overall
(70.3%) and Asia-Pacific (79.7%) susceptibility rates sub-
sequently reported in the Antimicrobial Testing Leadership
and Surveillance (ATLAS) program in 20162018 were
lower than those of the SENTRY although both were sub-
stantially higher than our local data.** Co-occurring
inverted graph discernible in multidrug-resistance rate of
P. aeruginosa was in concordance with that of the suscept-
ibility rate. At the end of observation period it can be
concluded that there was a tendency for increasing nonsus-
ceptibility and multidrug-resistance. Similar instance man-
ifested at region-level across Asia-Pacific.>***

The empirical therapy protocol being evaluated was found
to increase the risk of nonsusceptibility acquisition and the
continuation of which may impact ensuing susceptibility rate.
Our facility relied on hospital-wide susceptibility rate to adju-
dicate empirical use of meropenem in the ICU because the
minimum number of isolates required to deem the ICU-wide
figure representative was not fulfilled. Forthcoming dose and
mode of administration adjustment in the protocol should be
accomplished in the light of clinical studies with the highest
level of evidence available. Future studies on combined mode

of administration to promote dose reduction and efforts to
strengthen antibiotic-sparing strategy are vital to supersede
meropenem resistance and retain its efficacy.

There were some limitations in this study. Data incom-
pleteness in multidrug-resistant P. aeruginosa rate was
inevitable since not all data are routinely included in the
biannual report. There may be other potential covariates
for nonsusceptibility acquisition that were not otherwise
analyzed here due to external data management con-
straints. Finally, the wide confidence interval range for
the primary endpoint signifies small sample size and less
precision thus should be interpreted with caution regard-
less of statistical significance.

Conclusion

Empirical use of meropenem being evaluated in this study
was independently associated with nonsusceptibility
acquisition in P. aeruginosa. Parallel increase in nonsus-
ceptibility and multidrug-resistance rates provides compel-
ling indication for therapeutic strategy adjustment. Routine
evaluation assisted in prompt detection of potentially mod-
ifiable cause for impending resistance issue thus the prac-

tice should be broadly endorsed.

Disclosure
The authors report no conflicts of interest in this work.
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