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Abstract

Background: Appropriate antimicrobial dosing is challenging because of changes in pharmacokinetics (PK)
parameters and an increase in multidrug-resistant (MDR) organisms in critically ill patients. This study aimed to
evaluate the effects of an empirical therapy of high-dose versus standard-dose meropenem in sepsis and septic
shock patients.

Methods: We performed a prospective randomized open-label study to compare the changes of modified
sequential organ failure assessment (MSOFA) score and other clinical outcomes of the high-dose meropenem (2-g
infusion over 3 h every 8 h) versus the standard-dose meropenem (1-g infusion over 3 h every 8 h) in sepsis and
septic shock patients. Patients’ characteristics, clinical and microbiological outcomes, 14 and 28-day mortality,
vasopressor- and ventilator-free days, intensive care unit (ICU) and hospital-free days, percent of the time of
antibiotic concentrations above the minimum inhibitory concentration (%T>MIC), and safety were assessed.

Results: Seventy-eight patients were enrolled. Median delta mSOFA was comparable between two groups (-1 in
the high-dose group vs. — 1 in the standard-dose group; P value = 0.75). There was no difference between the two
groups regarding clinical and microbiological cure, 14- and 28-day mortality, vasopressor- and ventilator-free days,
and ICU- and hospital-free days. In patients admitted from the emergency department (ED) with a mSOFA score 2
7, the high-dose group demonstrated significantly better microbiological cure compared with the standard-dose
group (75% (9/12 patients) vs. 20% (2/10 patients); P value = 0.03). Likewise, the high-dose group presented higher
microbiological cure rate in patients admitted from ED who had either APACHE Il score > 20 (83.3% (10/12) vs.
28.6% (2/7); P value = 0.045) or on mechanical ventilator (87.5% (7/8) vs. 23.1% (3/13); P value = 0.008) than the
standard-dose group. Adverse events were comparable between the two groups.
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Conclusions: Empirical therapy with the high-dose meropenem presented comparable clinical outcomes to the
standard-dose meropenem in sepsis and septic shock patients. Besides, subgroup analysis manifested superior
microbiological cure rate in sepsis or septic shock patients admitted from ED.

Trial registration: ClinicalTrials.gov, NCT03344627, registered on November 17, 2017
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Background

Sepsis is described as a serious organ dysfunction which
results from response of dysregulated host to infection.
This syndrome is an important healthcare problem that
affects significant morbidity and mortality [1]. Early
identification of sepsis and aggressive management in
first hour are cornerstones for improving patient out-
comes [2]. Delay in an initial appropriate antimicrobial
therapy has been correlated with an increase in mortality
[3]. The initial selection of appropriate antimicrobial is
defined in terms of broad-spectrum and adequate dosing
of selected antimicrobial for suspected pathogens [3].
However, appropriate antimicrobial dosing is challenging
because of altered pharmacokinetics (PK) and increased
multidrug-resistant (MDR) organisms in critically ill pa-
tients [4]. A larger volume of distribution, which is
caused by fluid resuscitation and capillary leak syn-
drome, culminates in subtherapeutic levels of antimicro-
bial [5]. The fluctuation of renal clearance, such as
augmented renal clearance or acute kidney injury, could
affect by increasing or decreasing antimicrobials concen-
trations [6]. In addition, Suwantarat et al. reported a
high prevalence of MDR gram-negative bacteria in
Thailand, including 28.7% for carbapenem-resistant
Pseudomonas aeruginosa, 45.2% for extended-spectrum
beta-lactamases (ESBL) producers, and 76.3% for
carbapenem-resistant Acinetobacter baumannii [7]. Due
to the spread of antimicrobial-resistant organisms, as
well as a decline in new antimicrobial developments, the
exploration for effective antimicrobial activity based on
PK and pharmacodynamic (PD) properties is the solu-
tion [4]. Moreover, the standard recommended dose of
antibiotic, which was derived from (1) PK data from
healthy volunteers or non-intensive care unit (ICU) pa-
tients, and (2) the minimum inhibitory concentration
(MIC) for non-resistant bacteria, may increase the risk
of treatment failure [4]. Roberts et al. performed a PK
study of 8 beta-lactam antibiotics in critically ill patients
across 68 ICUs in 10 European countries. From a total
of 248 patients, 16% of patients did not achieve 50% of
the time of free antibiotic concentrations above the
minimum inhibitory concentration (fT>MIC) of the
pathogen, and these patients were less likely to complete
a treatment course and achieve positive clinical outcome
with the initially selected beta-lactam [8].

Meropenem, a member of the carbapenem class, is widely
used as empirical therapy in the treatment of sepsis and septic
shock regarding its broad-spectrum activity and a low toxicity
profile. The PD of meropenem is a time-dependent activity,
similar to other beta-lactam antibiotics. At least 40% fT>MIC
is required for carbapenems to achieve their bactericidal activ-
ity [4]. However, to achieve favorable microbiological and
clinical outcomes for critically ill patients with severe infec-
tions, achievement of 100% fI>MIC is required, and pro-
longed infusion of meropenem is recommended [6, 9].
Additionally, the standard recommended dose of meropenem
was not sufficient to achieve a higher PK/PD target in sepsis
and septic shock patients [4, 10, 11]. Jaruratanasirikul et al.
conducted a population PK study of meropenem in critically
ill patients. They also indicated that the maximum recom-
mended dose of 2 g of meropenem every 8 h may be needed
for an early phase of sepsis and septic shock [12].

Currently, there was a lack of study of the high-dose
meropenem in sepsis and septic shock patients. We pro-
posed that the given high-dose, prolonged infusion regi-
men in early phase sepsis and septic shock would help
reduce mortality, defined by a reduction in modified se-
quential organ failure assessment (mSOFA) score. There-
fore, we designed a randomized study to compare the
changes in mSOFA score and other clinical outcomes of
the standard-dose versus the high-dose meropenem in
critically ill patients with sepsis and septic shock.

Methods

Design and settings

This study was a prospective, single-center, randomized,
open-label study conducted at an academic hospital in
Bangkok, Thailand. This trial was registered in Clinical-
Trial.gov identifier NCT03344627 and was approved by the
committee on human rights related to research, Faculty of
Medicine Ramathibodi Hospital, Mahidol University.

Inclusion and exclusion criteria

The inclusion criteria included (1) patients aged > 18
years, (2) patients diagnosed as sepsis and septic shock
according to sepsis-3 criteria and received meropenem
within 1 h after diagnosis, (3) patients (or relatives) sign-
ing the consent form. The exclusion criteria included (1)
patients having sepsis with central nervous system infec-
tion, infective endocarditis; (2) patients requiring
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surgical condition within 72h after randomization; (3)
patients receiving extracorporeal membrane oxygenation
(ECMO) within 3 days after randomization; (4) patients
with active seizure; (5) patients receiving meropenem
within 1 week prior to randomization; (6) pregnancy or
lactation; (7) patients having known allergy to merope-
nem; and (8) patients receiving meropenem as empirical
therapy less than 3 days.

Patient randomization and treatment protocol

Patients were randomized using a sealed opaque enve-
lope in a block of four stratified according to their status
prior to ICU admission (escalated from other wards or
admitted to ICU from emergency department (ED)).
They were assigned to receive either standard-dose mer-
openem (the standard-dose group, 1g of meropenem
intravenous (IV) infused over 30 min, then 1g of mero-
penem IV infused over 3 h every 8 h) or high-dose mero-
penem (the high-dose group, 2g of meropenem IV
infused over 30 min then 2 g of meropenem IV infused
over 3 h every 8 h). The study was an open-label study in
which the dose was assigned according to the
randomization. The enrolled patients were treated using
a standard supportive treatment in accordance with the
assignment of the meropenem group. The investigator
had not been involved in other treatments. Creatinine
clearance (CICr) was calculated by the Cockcroft for-
mula. The dosage of meropenem during the study
period was adjusted according to CICr. It should be
noted that patients were allowed to receive concomitant
antimicrobial for polymicrobial infections. De-escalation
should be narrower spectrum antibiotics according to
patient-specific microbiological culture. The recom-
mended duration of antibiotic treatment was based on
the decision of the ICU physician team.

Data collection and clinical endpoints

Baseline characteristics such as age, gender, weight, type
of admission, Acute Physiology and Chronic Health
Evaluation II (APACHE II), mSOFA scores, concomitant
antimicrobial therapy, and source of infection were col-
lected at the start of meropenem therapy.

The primary outcome was delta mSOFA scores (differ-
ences between mSOFA scores at day 4 after randomization
and mSOFA score at day 1 after randomization). Secondary
outcomes were 14-day mortality, 28-day mortality, clinical
cure, microbiological cure, vasopressor-free days, ventilator-
free days, ICU- and hospital-free days, and safety of both
dosing regimen groups. Clinical cure was defined as a
complete or partial resolution of fever (temperature >
38.3°C) for more than 24 h and leucocytosis (white blood
cell count > 12 x 10°/L). Microbiological cure was defined as
eradication of the study entry pathogen at the suspected
site(s) of infection within 14 days (collected at day 3, 5, 7, 10,
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and 14) after giving meropenem. Blood samples for merope-
nem level were obtained and measured by liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
to calculate an achievement of the PD target. Superinfection
was defined as recently developed infections by the Centers
for Disease Control and Prevention (CDC) criteria within 14
days after being given meropenem, or any newly discovered
carbapenem-resistant or colistin-resistant gram-negative bac-
teria. Vasopressor, ventilator, ICU, and hospital-free days
were counted as 28 — X if successfully liberated from vaso-
pressor use, mechanical ventilation, ICU stay or hospital stay
X days after the first day of being given meropenem. Safety
outcome was recorded daily during the course of antibiotic
treatment.

Statistical analysis

The sample size was calculated based on our preliminary
study, the patient who received meropenem and sur-
vived from sepsis and septic shock had shown a reduc-
tion in delta mSOFA score of 1.850 (standard deviation
(SD) of 2.961). To show a reduction in mSOFA score of
2 in the high-dose group, a sample size of 39 patients in
each group was deemed necessary with type I error of
5%, power of 80%, and predicted 10% dropout from the
study.

The per-protocol approach was adopted to make infer-
ence on the primary outcome. The Kolmogorov-
Smirnov test was selected for the check of the data dis-
tribution. Continuous normally distributed data and
non-normally distributed data were tested using un-
paired t test and Mann-Whitney U test, respectively.
Categorical data were tested by Chi-square or Fisher’s
exact test, as appropriate. Normally distributed data and
non-normal distributed data are presented as mean +
SD and median with interquartile range. A two-sided P
value < 0.05 was considered statistically significant for
all tests. All statistical calculations were performed with
the SPSS statistical package version 18.0.

Results

Five hundred and twenty-seven patients were screened
between August 2017 and October 2018, of whom 451
patients failed to meet the inclusion criteria. The
remaining 76 patients were enrolled in the study (Fig. 1).
Thirty-eight patients were allocated to each of the
standard-dose group and the high-dose group. Age, gen-
der, weight, underlying diseases, CICr, type of admission,
the severity of illness, and source of infection were com-
parable between the two groups. The major source of in-
fection in the standard-dose meropenem group was
respiratory (39.5%), bloodstream (31.6%), multiple
sources (13.2%), and urinary tract (5.3%). The main
source of infection in the high-dose meropenem group
was respiratory (42.1%), followed by urinary tract
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[ Assessed for eligibility (n = 527) ]

o

/451 Excluded

~

186 Not met the sepsis-3 criteria

128 Not receiving meropenem

34 Declined to participate

17 Sepsis due to central nervous system infection
51 Previous use of meropenem in the past 1 week
33 Received meropenem as a specific therapy

2 Received meropenem less than three days

)

[ Eligible for randomization (n = 76) ]

T~

[ Allocated to high-dose ] [

meropenem group (n = 38)

Allocated to standard-dose
meropenem group (n = 38)

Clinical outcome assessment
for all patients (n = 38)

J

Clinical outcome assessment
for all patients (n = 38)

Fig. 1 Flow of patients through the trial

(23.7%), multiple sources (21.2%), and bloodstream
(18.4%) as shown in Table 1.

The median duration of meropenem treatment was signifi-
cantly higher in the standard-dose group (6 (3 to 16) days vs.
5 (3 to 21) days; P value = 0.035). Concomitant antimicrobial
therapy was used in 42.1% in the standard-dose group and
50% in the high-dose group. The antibacterial drugs com-
prised of multiple classes, such as polymyxin, glycopeptides,
aminoglycosides, and fluoroquinolones. The types of con-
comitant antibiotics were not significantly different between
groups (Table 2). De-escalations from meropenem to
narrow-spectrum antibiotics were more than 50% in both
groups.

The microbiological culture was positive in 55.3% in
the standard-dose group and 60.5% in the high-dose
group. There was no significant difference regarding cul-
ture positive for polymicrobial, gram-positive bacteria
and gram-negative bacteria (Table 1). Similar results for
gram-negative bacterial isolates showed no difference,
and more than 80% were susceptible to meropenem
(Fig. 2). The most common organisms were Enterobacte-
riaceae, Pseudomonas aeruginosa, and Acinetobacter
baumannii, respectively, in patients with culture-positive
gram-negative bacteria (Table 1).

Delta mSOFA score was comparable between the
high-dose and the standard-dose group (-1 (-9 to 4)

vs. =1 (- 6 to 3); P value = 0.746). Delta cardiovascular
score was decreased (1-point reduction) in the high-dose
group compared to no change (no point reduction) in
the standard-dose group, but this was not statistically
significant. For the secondary outcome, the clinical cure
rate was not different (86.8% in the high-dose vs. 86.8%
in the standard-dose group; P value = 1.00). Lower 14-
day mortality and 28-day mortality were observed in the
high-dose group (10.5% vs. 15.8%; P value = 0.736) and
(34.2% vs. 44.7%; P value = 0.482), respectively. The
microbiological cure had a trend to better cure rate in
the high-dose group than the standard-dose group
(55.3% vs. 44.7%; P value = 0.492). Vasopressor-free
days, ventilator-free days, ICU-free days, and hospital-
free days were not significantly different between the
treatment groups (Table 3). Meropenem levels were ob-
tained from eighteen patients (8 patients in the
standard-dose group and 10 patients in the high-dose
groups). Regarding the identified MICs, PD target of
40% of the time above identified MIC was entirely
achieved in all patients. However, the PD target of 100%
of the time above the identified MIC was achieved in
66.7% (2/8 patients) in the standard-dose group and
100% (5/5 patients) in the high-dose group with no sta-
tistically significant difference between groups (P value =
0.375) (Table 4).
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Table 1 Demographics and baseline characteristics
Characteristics Standard-dose meropenem (n = 38) High-dose meropenem (n = 38) P value
Age (years), mean (SD) 67 (14.6) 69 (19.0) 0.657
Male, n (%) 21 (55.3) 19 (50) 0.819
Weight (kg), mean (SD) 56.4 (12.4) 572 (14.7) 0.797
Underlying disease, n (%)
Diabetes 13 (34.2) 7(184) 0.192
Hypertension 17 (44.7) 15 (39.5) 0817
Heart failure 5(13.2) 3(79) 0711
Chronic kidney disease 5(132) 5(132) 1.000
End stage renal disease 6 (15.8) 1(26) 0.108
Chronic liver disease 4 (10.5) 3(79) 1.000
COPD 8 (21.1) 2(53) 0.086
Hematologic malignancy 7 (184) 8 (21.1) 1.000
Solid malignancy 8 (21.1) 7 (184) 1.000
Neutropenia 4 (10.5) 7 (184) 0.516
ARDS 13 (34.2) 10 (26.3) 0628
Cockroft-Gout CICr (mL/min), median (IQR) 4181 (7.36-166.8) 30.37 (7.04-141.75) 0377
Type of admission, n (%)
ED 17 (44.7) 18 (474) 1.000
Ward 21 (55.3) 20 (52.6)
Mechanical ventilator, n (%) 29 (76.3) 27 (71.1) 0.795
APACHE Il score, mean (SD) 188 (5.7) 20 (6.3) 0.395
mSOFA score, median (IQR) 7 (0-13) 8 (1-16) 0.088
Septic shock, n (%) 26 (684) 27 (71.0) 1.000
Source of infection
Unknown, n (%) 9(237) 6 (15.8) 0.565
Respiratory, n (%) 15 (39.5) 16 (42.1) 1.000
Urinary tract, n (%) 2(53) 9 (23.7) 0.047
Bloodstream, n (%) 12 31.6) 7(184) 0.289
Multiple sources, n (%) 5(13.2) 8(21.2) 0.540
Culture, n (%) 21 (55.3) 23 (60.5) 0817
Polymicrobial 6 (28.6) 3 (13.0%) 0272
Gram-positive pathogens 5(23.8) 1 (4.3) 0.088
Gram-negative pathogens 16 (76.2) 20 (87.0) 0.448
Escherichia coli 7 (33.3) 6 (26.1) 0.744
Klebsiella pneumoniae 8 (38.1) 7 (30.4) 0.752
Pseudomonas aeruginosa 1 (4.8) 6 (26.1) 0.097
Acinetobacter baumannii 1 (4.8) 1(4.3) 1.000

COPD chronic obstructive pulmonary disease, ARDS acute respiratory distress syndrome, ED emergency department, APACHE Il Acute Physiology and Chronic

Health Evaluation I, mSOFA modified Sequential Organ Failure Assessment

In subgroup analysis, there were no clinical and micro-
biological differences in outcomes in sepsis and septic
shock patients who escalated from other wards to ICU.
However, patients who admitted from ED had a higher
trend of microbiological cure rate in the high-dose
group (66.7% vs. 41.2%; P value = 0.181). In patients

admitted from ED with mSOFA score >7, high-dose
meropenem demonstrated significantly better microbio-
logical cure compared with standard-dose (75% (9/12)
vs. 20% (2/10); P value = 0.03). Likewise, in patients ad-
mitted from ED and had APACHE II score > 20, the
high-dose group had a higher microbiological cure rate
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Table 2 Duration of meropenem and concomitant antimicrobial therapy
Standard-dose meropenem (n = 38) High-dose meropenem (n = 38) P value
Day of meropenem therapy, median (IQR) 6 (3-16) 5(3-21) 0.035*
Concomitant antimicrobial therapy, n (%) 16 (42.1) 19 (50) 0.646
Colistin, n (%) 3(189) 2 (10.5) 0.642
Vancomycin, n (%) 7 (43.8) 6 (31.6) 0.503
Cotrimoxazole, n (%) 1(6.3) 4(21.0) 0.347
Levofloxacin, n (%) 0 (0) 3(15.8) 0.234
Amikacin, n (%) 4 (25) 3(15.8) 0677
Azithromycin, n (%) 16.3) 2 (10.5) 1.000
Oseltamivir, n (%) 2 (12.5) 2 (10.5) 1.000
De-escalation, n (%) 21 (55.3) 25 (65.8) 0436

*Statistically significant difference

(83.3% (10/12) vs. 28.6% (2/7); P value = 0.045) than the
standard-dose group. In patients admitted from ED who
used the mechanical ventilator, the high-dose group had a
higher microbiological cure rate than the standard-dose
group (87.5% (7/8) vs. 23.1% (3/13); P value = 0.008) (Fig. 3).
Moreover, even though urinary tract infections (UTI) were
higher in the high-dose group (23.7%) than in the standard-
dose group (5.3%), P value = 0.047, they did not affect any
significant changes in both primary and secondary outcomes
in bivariate analysis.

For adverse events, diarrhea was reported in 12 pa-
tients (31.6%) in the standard-dose group and 8 patients
(21.1%) in the high-dose group with no statistical signifi-
cance (P value = 0.435). However, there were no other
adverse events, such as seizure or Clostridium difficile
infection, found in the two groups, as shown in Table 3.

Discussion

In our study, we found no difference in delta mSOFA
between the standard-dose and the high-dose merope-
nem group. In addition, each component of the SOFA
score was not worsening in both of the standard-dose
and the high-dose groups. The explanation of this com-
parable delta mSOFA between the standard-dose and
the high-dose meropenem might be as follows. First, the
pathophysiology of sepsis and septic shock starts from
dysregulated host responses to infection. A combination
of hemodynamic and cellular failures were then followed
constantly [13]. Appropriate antibiotic therapy at an
early point of sepsis diagnosis will help in reducing mi-
crobial load. Consequently, the burden from microbial
toxin released or produced by bacteria will be termi-
nated [14]. Inflammatory response leading to tissue

1001
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(N, %)

404

204

Standard-dose meropenem

High-dose meropenem

87.0 -
. 85.0 81.8

Positive Culture Polymicrobial

\

Positive Culture GN with
with GN pathogens MIC < 0.5 mg/L

Fig. 2 Bacterial isolates. GN, gram-negative bacteria; MIC, minimum inhibitory concentration
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Table 3 Primary and secondary outcomes
Qutcomes Standard-dose meropenem (n = 38) High-dose meropenem (n = 38) P value
Primary outcome
Delta mSOFA score, median (IQR) —-1(-61t03) -1(=9to4) 0.746
Delta respiratory score —-1(-3t02) -1(-4t02) 0.136
Delta cardiovascular score 0(-=4to3) -1 (-=41t03) 0.599
Delta liver score 0(-1t02) 0(-1t02) 0.570
Delta renal score 0(-1to2) 0(=2to1) 0.201
Delta coagulation score 0(-=2to3) 0(=1to3) 0.052
Secondary outcomes
14-day mortality, n (%) 6 (15.8) 4 (10.5) 0.736
28-day mortality, n (%) 17 (44.7) 13 (34.2) 0482
Clinical cure, n (%) 33 (86.8) 33 (86.8) 1.000
Microbiological cure, n (%) 17 (44.7) 21 (55.3) 0492
Vasopressor-free days, median (IQR) 245 (0-27) 25 (0-27) 0.350
Ventilator-free days, median (IQR) 11.5 (0-24) 10.0 (0-28) 0.819
ICU-free days, median (IQR) 0.5 (0-19) 9.5 (0-20) 0.819
Hospital-free days, median (IQR) 0 (0-74) 37.5(0-72) 0.819
Adverse events
Diarrhea, n (%) 12 (31.6) 8 (21.1) 0435

mSOFA modified sequential organ failure assessment score, ICU intensive care unit

injury would then be declined [14]. Since critically ill pa-
tients have substantially physiologic changes, the subopti-
mal concentration of antibiotics was reported [8, 15, 16].
Thus, high-dose antibiotics should be taken into consider-
ation to achieve better clinical outcomes [6]. Nevertheless,
cellular failure due to the individual dysregulated host re-
sponses to pro-inflammatory cytokine and alteration of
cellular immune function may also progress and might
not have been helped by the higher dose of antibacterial
[13, 17]. Second, 44.7% of patients included in our study
had a negative culture, which might have been from non-
infectious causes, viruses, or fungal infection [18, 19]. In
fact, supportive treatments such as fluid resuscitation,
vasopressor therapy, and nursing care were appropriate in
both of the standard-dose and the high-dose groups.

For the secondary outcomes, 14-day and 28-day mor-
tality, clinical cure, and vasopressor-, ventilator-, ICU-,
and hospital-free days, there were no significant

differences between the two meropenem dosing strat-
egies. Since the sample size in our study was explicitly
calculated focused on delta mSOFA score, the sample
size might be insufficiently powered to detect differences
of secondary outcomes between two groups. Besides,
even though there was a trend of higher ICU- and
hospital-free days in the high-dose group, there was no
statistical difference between the groups. The secondary
outcomes’ results might have been confounded by a per-
sistent inflammation-immunosuppression and catabol-
ism syndrome (PICS), and post-sepsis syndrome which
are increasingly found in critically ill patients [20, 21].
Therefore, increased risk of death and reduced health-
related quality of life would be associated with long-term
effect consequences reflecting the secondary outcomes
[21]. Moreover, serious adverse drug events, seizure, and
Clostridium difficile infection were not reported in the
high-dose group. Since we excluded patients who might

Table 4 Pharmacodynamic target of the time above the minimum inhibitory concentration

MIC (mg/L) Standard-dose meropenem (n = 8) High-dose meropenem (n = 10)
Identified MIC, n 3 5

- Achievement of 40%T>MIC, n (%) 3 (100%) 5 (100%)

- Achievement of 100%T>MIC, n (%) 2 (66.7%) 5 (100%)
MIC=8,n 8 10

« Achievement of 40%T>MIC, n (%) 5 (62.5%) 9 (90%)

- Achievement of 100%T>MIC, n (%) 2 (25%) 4 (40%)

MIC minimum inhibitory concentration, %T>MIC percent of the time of antibiotic concentrations above the minimum inhibitory concentration
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possibly have risk for potential toxicity from meropenem
accumulation and we adjusted the meropenem dosing
regimen by patients’ renal functions, no dose-related ser-
ious adverse events was found.

Although the duration of prescribed meropenem in
the standard-dose group was significantly shorter than
the high-dose group (5 days vs. 6 days; P value = 0.035),
the high-dose group had still shown a trend toward in-
creasing in microbiological cure compared to the
standard-dose group (55.3% vs. 44.7%; P value = 0.492).
This was because the higher concentration of merope-
nem at the site of infection was required in order to get
a better microbiological cure [22, 23]. Regarding the
meropenem concentration in our study, both regimens
of meropenem achieved PD target of 40% of the time
above the identified MIC. Considering suspected resist-
ant bacteria, achieving the PD target of 40%T>MIC of 8
mg/L was higher in the high-dose group (9/10 patients,
90%) compared with the standard-dose group (5/8 pa-
tients, 62.5%). Likewise, achieving the PD target of
100%T>MIC was higher in the high-dose group (4/10
patients, 40%) compared to the standard-dose group (2/
8 patients, 25%). Since there was a small number of
blood samples collected, statistical differences were not
found. Frippiat et al. performed Monte Carlo simulation
to estimate meropenem concentration at epithelial lining
fluid (ELF) for meropenem 2 g every 8h and 1 g every 8
h. At MIC 0.5 mg/L, which was the most cut point MIC
in our study, prolonged infusions of meropenem 2g
every 8h demonstrated >90% probability of target at-
tainment (PTA) of 100%T>MIC. While meropenem 1g
every 8 h demonstrated >90% PTA of 40%T>MIC [24].

Consequently, an increasing meropenem plasma concen-
tration in the high-dose group might assumingly have an
increasing trend in meropenem concentration in ELF,
which was a target site in almost half of the patients in
our study. Nevertheless, we still did not find statistically
significant difference between the two groups regarding
microbiological cure.

Therefore, we performed subgroup analysis, which
showed there were 3 groups of patients that would bene-
fit from the high-dose meropenem. In patients admitted
from the ED with mSOFA score >7, the high-dose
group demonstrated significantly better microbiological
cure compared with the standard-dose group (75% (9/12
patients) vs. 20% (2/10 patients); P value = 0.03). Simi-
larly, in patients admitted from the ED with an APA-
CHE 1I score >20 and patients admitted from the ED
with mechanical ventilators, the high-dose group had a
higher microbiological cure rate than the standard-dose
group (83.3% (10/12 patients) vs. 28.6% (2/7 patients); P
value = 0.045 and 87.5% (7/8 patients) vs. 23.10% (3/13
patients); P value = 0.008). Since this is the first study
identifying different outcomes between two meropenem
dosing regimens in ED, high-severity patients might get
better outcomes from the higher dose of meropenem.
The reason for better microbiological cure might be
from higher tissue penetration and overall maintenance
of plasma concentration in severe patients. Goncalves
et al. found that critically ill patients with a greater base-
line severity had a significant increase in the volume of
distribution, leading to low meropenem concentrations.
Decreased antibiotic concentration at the infection site
was eventually found from reduced microvascular
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perfusion in critically ill patients [25, 26]. However, the
high-dose meropenem did not demonstrate better clin-
ical outcomes, delta mSOFA, mortality, vasopressor-free
days, ventilator-free days, ICU-free days, and hospital-
free days, in these 3 groups of patients.

However, our study has several limitations. Firstly,
since this was the first study comparing 3 g/day with 6 g/
day of meropenem, the sample size calculation was
based on the delta mSOFA from the previous 3 months
before patient recruitment, but not from the differences
of delta mSOFA between two meropenem dosing.
Therefore, the sample size might not have been enough
to detect significances between the two dosing strategies.
Second, the negative culture found in about 50% of pa-
tients in our study, impact on different meropenem dos-
ing could not be assumed. Early differentiation of non-
bacterial infection from bacterial infection before empir-
ical therapy has not yet been easily done in our institu-
tion. Third, almost all of our patients’ relatives
experienced grief when confronted with a deteriorating
phase of their love ones. Informed consent regarding
blood sample collection was too difficult when there was
a treatment limitation decision. For that reason, merope-
nem blood concentration collection was performed in
only 5% of our recruited patients. Lastly, pathogens iden-
tified in this study had relatively low MICs. Narrowing
the group of patients that might benefit from the high-
dose group might be an option. Patient medical history,
local antibiogram, and epidemiology of antimicrobial re-
sistance in each area might be needed to modify inclu-
sion criteria in order to specify the group of patients
likely to be infected by higher MICs.

Conclusions

Empirical therapy with a high-dose of meropenem in crit-
ically ill patients showed no statistical difference in pa-
tient’s clinical outcomes compared to a standard-dose of
meropenem. However, subgroup analysis showed that pa-
tients who were admitted from ED and had mSOFA score
>7 or APACHE II score > 20 or had been on mechanical
ventilator manifested superior microbiological cure rate in
sepsis or septic shock patients admitted from ED.
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