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Stefan John, MD
Friedhelm Bach, MD
Claudia Spies, MD
Lorenz Reill, MD
Harald Fritz, MD
Michael Kiehntopf, MD
Evelyn Kuhnt, MSc
Holger Bogatsch, MD
Christoph Engel, MD
Markus Loeffler, MD, PhD
Marin H. Kollef, MD
Konrad Reinhart, MD
Tobias Welte, MD

for the German Study Group
Competence Network Sepsis (SepNet)

INAPPROPRIATE INITIAL ANTIMICRO-
bial therapy (defined as an antimi-
crobial regimen that lacks in vitro
activity against the isolated organ-

isms responsible for the infection) is
associated with increased mortality
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Context Early appropriate antimicrobial therapy leads to lower mortality rates asso-
ciated with severe sepsis. The role of empirical combination therapy comprising at least
2 antibiotics of different mechanisms remains controversial.

Objective To compare the effect of moxifloxacin and meropenem with the effect
of meropenem alone on sepsis-related organ dysfunction.

Design, Setting, and Patients A randomized, open-label, parallel-group trial of 600
patients who fulfilled criteria for severe sepsis or septic shock (n=298 for monotherapy
and n=302 for combination therapy). The trial was performed at 44 intensive care units
in Germany from October 16, 2007, to March 23, 2010. The number of evaluable pa-
tients was 273 in the monotherapy group and 278 in the combination therapy group.

Interventions Intravenous meropenem (1 g every 8 hours) and moxifloxacin (400
mg every 24 hours) or meropenem alone. The intervention was recommended for 7
days and up to a maximum of 14 days after randomization or until discharge from the
intensive care unit or death, whichever occurred first.

Main Outcome Measure Degree of organ failure (mean of daily total Sequential
Organ Failure Assessment [SOFA] scores over 14 days; score range: 0-24 points with
higher scores indicating worse organ failure); secondary outcome: 28-day and 90-
day all-cause mortality. Survivors were followed up for 90 days.

Results Among 551 evaluable patients, there was no statistically significant differ-
ence in mean SOFA score between the meropenem and moxifloxacin group (8.3
points; 95% CI, 7.8-8.8 points) and the meropenem alone group (7.9 points; 95%
CI, 7.5-8.4 points) (P=.36). The rates for 28-day and 90-day mortality also were
not statistically significantly different. By day 28, there were 66 deaths (23.9%;
95% CI, 19.0%-29.4%) in the combination therapy group compared with 59
deaths (21.9%; 95% CI, 17.1%-27.4%) in the monotherapy group (P=.58). By
day 90, there were 96 deaths (35.3%; 95% CI, 29.6%-41.3%) in the combination
therapy group compared with 84 deaths (32.1%; 95% CI, 26.5%-38.1%) in the
monotherapy group (P=.43).

Conclusion Among adult patients with severe sepsis, treatment with combined me-
ropenem and moxifloxacin compared with meropenem alone did not result in less or-
gan failure.

Trial Registration clinicaltrials.gov Identifier: NCT00534287
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and morbidity in patients with neutro-
penic fever and in patients with severe
sepsis.1-3 Todecrease the likelihoodof in-
appropriateantimicrobial therapy,recent
internationalsepsisguidelinessuggestem-
pirical combination therapy targeting
gram-negative bacteria, particularly for
patientswithsuspectedPseudomonas in-
fections.4 However, the authors of this
guideline4 state that “no study or meta-
analysis has convincingly demonstrated
thatcombination therapyproducesasu-
perior clinical outcome for individual
pathogens inaparticularpatientgroup.”

The basis on which combination ther-
apy provides a potential survival ben-
efit can be related to several mecha-
nisms.These includean increasedchance
that at least 1 agent with activity against
the infecting organism will be suscep-
tible to at least 1 of the components of
the regimen; prevention of emergence to
a resistant superinfection5-7; potential
beneficial immunomodulatory nonan-
tibiotic effect of the secondary agent8,9;
andgenerationof anadditiveorevensyn-
ergistic activity resulting in better bac-
terial clearance of the combination
therapy.10-14 In contrast to patients with
febrile neutropenia, rigorous random-
ized trials have not been performed in the
most severely ill patients with sepsis, cap-
illary leak syndrome, and multiorgan fail-
ure in which both the volume of distri-
bution and metabolism of the antibiotics
may be altered.

The primary objective of this trial was
to compare the effect of a combina-
tion therapy with the effect of a mono-
therapy on sepsis-related organ dys-
function using 2 broad-spectrum
antibiotics for the empirical treatment
of patients with severe sepsis. We hy-
pothesized that maximizing the poten-
tial benefit and appropriateness of ini-
tial antibiotics by using 2 antibiotics
would improve clinical outcomes com-
pared with monotherapy.

METHODS
Experimental Design, Study
Organization, and Patients

Severe sepsis and septic shock were de-
fined according to published criteria.15

Patients were eligible for study enroll-

ment if the onset of the syndrome was
not more than 24 hours prior to study
inclusion. We excluded patients if they
had been treated with more than 1 daily
dose of a carbapenem or a quinolone
within the 4 weeks prior to randomiza-
tion, had received an antipseudomonal
�-lactam antibiotic within the 48 hours
prior to randomization, or had contra-
indications to the study drugs accord-
ing to the manufacturer’s summary of
product characteristics. In addition, we
excluded patients who were known to
bepreviously infectedorcolonizedwith
methicillin-resistant Staphylococcus au-
reus orvancomycin-resistant Enterococ-
cus species (not susceptible to study an-
tibiotics), had infections for which the
guidelines recommendanantimicrobial
therapyother thanthestudymedication
(ie, endocarditis), or were expected to
dieorundergowithdrawaloflifesupport.

The trial was approved by the ethics
committee of each participating institu-
tion and by Germany’s Federal Institute
for Drugs and Medical Devices. Written
informed consent was obtained from all
patientsor their legal representative.For
patients inwhompriorconsentcouldnot
be obtained because of critical illness or
theuseofsedativeoranestheticdrugsand
toenableearlyantibiotictherapy, theeth-
ics committees approved a provision for
delayed consent. In such cases, a surro-
gate decision maker was fully informed
as soon as possible. Either consent was
thenobtainedorthepatientwasremoved
from the study and all study procedures
ended.

Randomization

Patients were randomly allocated to
receive either 1 g of meropenem
(AstraZeneca) every 8 hours and 400 mg
of moxifloxacin (Bayer HealthCare) ev-
ery 24 hours (combination therapy) or
1 g of meropenem alone (mono-
therapy) each administered intrave-
nously over 15 to 30 minutes for me-
ropenem and for 60 minutes for
moxifloxacin in an unblinded fashion.
The randomization was stratified by the
participating centers and performed by
the investigators using an Internet-
based randomization tool that was pro-

vided by the clinical trial center. The
modified Pocock minimization algo-
rithm (with a random component) en-
sures balanced randomization at any
time.16 The intervention was recom-
mended for 7 days and up to a maxi-
mum of 14 days after randomization or
until discharge from the intensive care
unit (ICU) or death, whichever oc-
curred first.

Data Collection

Clinical, microbiological, and labora-
tory examinations were performed prior
to treatment, at the end of therapy (test-
of-cure visit), and at day 21 or at dis-
charge from the ICU, whichever oc-
curred first. Site investigators used
standardized definitions to determine the
final clinical and microbiological out-
comes (eMethods at http://www.jama
.com). If Pseudomonas species were cul-
tured, 2 antibiotics with activity against
these species were recommended. All pa-
tients received sepsis treatment for car-
diovascular, respiratory, renal, and meta-
bolic failure according to the guidelines
of the German Sepsis Society.17

Outcome Measures
and Safety End Points

Theprimaryendpointwassepsis-related
organ dysfunction as measured by the
meanofdailytotalSequentialOrganFail-
ureAssessment(SOFA)18scoresoverape-
riodof14daysordischarge fromtheICU
or death, whichever occurred first. The
scale of the SOFA score ranges from 0 to
24,withhigherscoresindicatingagreater
severity of organ failure. Subscores of
SOFA range from 0 to 4 for each of the 6
organsystems,withanaggregatescoreof
0 to 24. The mean SOFA score was cal-
culated as the mean of all daily SOFA
scoresduringtheICUstayforeachpatient.

Secondary end points were 28-day and
90-day all-cause mortality; mean SOFA
subscores; duration of ICU and hospi-
tal stay; clinical andmicrobiological treat-
ment response; intervention-free days
with a ventilator, vasopressor, dialysis,
or antibiotic; secondary infections; emer-
gence of antibiotic-resistant bacteria; and
adverse events. Adverse events were re-
ported according to the ICH guideline
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E2A and coded by the Medical Diction-
ary for Regulatory Activities version 13.1.

Sample Size and Statistical
Analysis

The study was planned to detect a dif-
ference of 1.1 points in the mean SOFA
score between the 2 interventions with
a significance level of .05 and a power
level of 90%. Such an effect was ex-
pected to reduce 28-day mortality from
40% to 30%.18 Assuming an SD of 3.8
points and a dropout rate of about 15%,
an enrollment of 600 patients was re-
quired. One interim analysis was
planned and conducted after recruit-
ment of half of the planned sample size.
The significance level was adjusted by
the � spending method,19 which was
.00288 (as specified by the O’Brien and
Fleming20 multiple testing procedure).
Hence, the significance level for the fi-
nal confirmatory analysis was .04712.
Annual safety reports were performed
and reported to the Federal Institute for
Drugs and Medical Devices and the eth-
ics committee of the Friedric-Schiller
University of Jena.

The confirmatory analyses fol-
lowed the intention-to-treat principle

based on all patients who were ran-
domized and provided informed con-
sent. Per-protocol analyses excluding
patients with protocol violations were
performed to investigate the robust-
ness of the results (the definition of pro-
tocol violations appear in eMethods).
Safety analyses were based on the
safety analysis population, which
comprises all patients randomized who
received at least 1 dose of study medi-
cation and who were grouped accord-
ing to the treatment they actually
received.

The t test for independent groups
was used to investigate the primary
end point of mean SOFA score. The
�2 test, Fisher exact test, and the
Mann-Whitney test were applied to
analyze the secondary end points of
efficacy and safety, as appropriate.
Overall survival was estimated using
the Kaplan-Meier method. Propor-
tional hazard models and generalized
linear models were used to identify
factors influencing overall mortality
and mean SOFA score. All reported P
values are 2-sided. Statistical analyses
were performed using SAS version
9.1.3 (SAS Institute Inc).

RESULTS
BetweenOctober16,2007,andMarch23,
2010, 5607 patients were screened in 44
ICUsfromdifferentacademictertiaryhos-
pitals inGermany;1088wereeligibleand
600patientswererandomized(FIGURE1).
Delayed informed consent could not be
obtained in 49 patients from the patient
orthepatient’s legalrepresentative.These
patients were excluded from the
intention-to-treat analysis, but were in-
cluded in the safety analysis.

Among the remaining 551 evaluable
patients, demographic and baseline char-
acteristics (TABLE 1), site and source of
infection (TABLE 2), pathogens present
at the time of enrollment (TABLE 3), in-
dicators of severity of disease, and anti-
biotics used 1 week prior to randomiza-
tion (eTable 1 at http://www.jama
.com) were well balanced comparing the
combination therapy (meropenem and
moxifloxacin) group with the mono-
therapy (meropenem alone) group. The
median time from enrollment to initia-
tion of study antibiotics was 0.7 (inter-
quartile range [IQR], 0.4-1.0) hours in
the combination therapy group com-
pared with 0.8 (IQR, 0.5-1.4) hours in
the monotherapy group (P=.08).

The most common pathogens cul-
tured from enrollment specimens ap-
pear in Table 3. Blood cultures were
positive in 183 patients (33%) with
Escherichia coli and methicillin-
sensitive S aureus as the most com-
mon pathogens. Blood cultures were
positive for Pseudomonas species in only
9 patients (5 in the combination therapy
and 4 in the monotherapy group). The
susceptibility profiles and numbers of
study drugs resistant to gram-
negative bacteria grown in enrollment
specimens appear in eTable 2. Of all pa-
tients whose specimens were tested for
susceptibility to meropenem, 58 of 58
(100%; 95% CI, 93.8%-100%) were sus-
ceptible in the combination therapy
group compared with 65 of 69 (94.2%;
95% CI, 85.8%-98.4%) in the mono-
therapy group (P=.13).

Primary and Secondary Outcomes

The mean SOFA score was 8.3 points
(95% CI, 7.8-8.8 points) in the combi-

Figure 1. Screening and Inclusion Process for Patients in the Study

5607 Patients assessed for eligibility

273 Included in intention-to-treat population

252 Included in analysis of primary end point
21 Excluded (not evaluable due to incomplete data)

278 Included in intention-to-treat population

256 Included in analysis of primary end point
22 Excluded (not evaluable due to incomplete data)

11 Lost to follow-up at day 90
4 Lost to follow-up as of day 28

6 Discontinued intervention
3 Withdrew informed consent
2 Inadequate therapy
1 Due to toxicity or serious adverse event

6 Lost to follow-up at day 90
2 Lost to follow-up as of day 28

11 Discontinued intervention
7 Inadequate therapy
4 Due to toxicity or serious adverse event

5007 Excluded
4386 Did not meet inclusion criteria
488 Met inclusion criteria

133 Other reasons

80 Declined to participate
63 Participated in another clinical trial

345 Other reasons

600 Randomized

298 Randomized to meropenem alone
25 Excluded (delayed informed consent

not obtained)
1 Did not receive intervention as

randomized

302 Randomized to moxifloxacin and meropenem

3 Did not receive intervention as
randomized

24 Excluded (delayed informed consent
not obtained)
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nation therapy group compared with 7.9
points (95% CI, 7.5-8.4 points) in the
monotherapygroup(P=.36;TABLE 4and
FIGURE 2A). In the per-protocol analy-
sis, the mean SOFA score was 7.9 points
(95% CI, 7.4-8.5 points) in the combi-
nation therapy group compared with
7.6 points (95% CI, 7.0-8.1 points) in
the monotherapy group (P = .37;
Figure 2B). The respiratory SOFA sub-
score was statistically significantly dif-
ferent between the 2 study groups; the
median score was 2.5 points (IQR, 2.0-
2.9 points) in the combination therapy
group compared with 2.4 points (IQR,
2.0-2.8 points) in the monotherapy
group (P=.02; Table 4).

There were no significant differences
comparing combination therapy with
monotherapyforthesecondaryendpoints

of duration of ICU and hospital stay;
intervention-free days with a ventilator,
vasopressor,dialysis,orantibiotic;therates
ofsecondaryinfections(Table4);orclini-
cal and microbiological treatment re-
sponse (eTable 4). Antibiotic resistance
to meropenem was detected more often
in the monotherapy group (8/88; 9.1%
[95% CI, 4.0%-17.1%) compared with
the combination therapy group (1/78;
1.3% [95% CI, 0.03%-6.9%]; P=.04).
However, the number of specimens
tested for susceptibility was low
(Table 4).

The rates for 28-day and 90-day mor-
tality were not statistically significantly
different between the 2 treatment groups
(Table 4 and FIGURE 3A). By day 28,
there were 66 deaths (23.9%; 95% CI,
19.0%-29.4%) in the combination

therapy group compared with 59 deaths
(21.9%; 95% CI, 17.1%-27.4%) in the
monotherapy group (P=.58). By day 90,
there were 96 deaths (35.3%; 95% CI,
29.6%-41.3%) in the combination
therapy group compared with 84 deaths
(32.1%; 95% CI, 26.5%-38.1%) in the
monotherapy group (P=.43).

The results of the per-protocol analy-
sis of the 28-day and 90-day mortality
rates also did not significantly differ be-
tween the 2 study groups (Figure 3B).
By day 28, there were 48 deaths (n=214;
22.4% [95% CI, 17.0%-28.6%]) in the
combination therapy group compared
with 39 deaths (n=195; 20.0% [95% CI,
14.6%-26.3%]) in the monotherapy
group (P=.55). By day 90, there were 70
deaths (n=213; 32.9% [95% CI, 26.6%-
39.6%]) in the combination therapy

Table 1. Demographics and Baseline Characteristics
All Patients
(N = 551)

Meropenem
Alone (n = 273)

Moxifloxacin and
Meropenem (n = 278)

Age, mean (SD), y 64.6 (14.5) 63.7 (14.4) 65.5 (14.5)

Male sex, No. (%) 354 (64) 176 (64) 178 (64)

Body mass index, mean (SD)a 27.0 (6.0) 26.5 (5.8) 27.5 (6.1)

APACHE II score, mean (SD)b 21.6 (7.2) 21.9 (7.1) 21.3 (7.4)

SOFA score, mean (SD)c 9.52 (3.16) 9.68 (3.17) 9.36 (3.15)

Laboratory values, median (IQR)
White blood cell count, cells/µL 14 150 (8700-20 300) 15 560 (10 000-20 400) 13 100 (7500-20 200)

Plasma procalcitonin, ng/mL 7.25 (1.74-26.32) 7.10 (1.70-28.10) 7.56 (1.80-24.00)

Plasma C-reactive protein, mg/L 200.6 (108.1-289.0) 200.0 (110.0-269.1) 202.0 (102.9-303.0)

Plasma lactate, mg/dL 23.4 (13.5-43.2) 23.2 (13.0-47.7) 24.0 (14.0-40.0)

Plasma creatinine, mg/dL 1.5 (1.0-2.3) 1.5 (0.9-2.3) 1.5 (1.0-2.4)

Creatinine clearance, mL/min 49 (29-83) 50 (28-86) 49 (29-83)

Plasma albumin, g/dL 2.3 (1.7-2.7) 2.2 (1.7-2.7) 2.3 (1.8-2.7)

Preexisting conditions, No. (%)d
History of diabetes 144 (26) 75 (27) 69 (25)

Heart failure 97 (17.60) 46 (16.85) 51 (18.35)

Cerebrovascular disease 41 (7.44) 25 (9.16) 16 (5.76)

Renal dysfunction 97 (17.60) 51 (18.68) 46 (16.55)

Chronic obstructive pulmonary disease 35 (6.35) 19 (6.96) 16 (5.76)

Liver cirrhosis 16 (2.90) 8 (2.93) 8 (2.88)

History of cancer 131 (23.77) 58 (21.25) 73 (26.26)

Immunosuppression 38 (6.90) 21 (7.69) 17 (6.12)

Required mechanical ventilation, No. (%) 420 (76) 204 (75) 216 (78)

Recent surgical history, No. (%)
Elective 67 (12.16) 26 (9.52) 41 (14.75)

Emergency 242 (43.92) 120 (43.96) 122 (43.88)

No history 241 (43.74) 127 (46.52) 114 (41.01)

Not known 1 (0.18) 0 1 (0.36)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; IQR, interquartile range; SOFA, Sequential Organ Failure Assessment.
SI conversion factors: To convert plasma albumin from g/dL to g/L, multiply by 1.0; plasma C-reactive protein from mg/dL to mg/L, multiply by 10; plasma creatinine from mg/dL

to µmol/L, multiply by 88.4; creatinine clearance from mL/min to mL/s, multiply by 0.0167; plasma lactate from mg/dL to mmol/L, multiply by 0.111.
aCalculated as weight in kilograms divided by height in meters squared.
bMissing subscores were counted as 0. The scale score range is from 0 to 71, with higher scores indicating a greater severity of illness.
cThe scale score range is from 0 to 24, with higher scores indicating a greater severity of organ failure.
dMultiple responses per patient possible.
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group compared with 58 deaths (n=189;
30.7% [95% CI, 24.2%-37.8%]) in the
monotherapy group (P=.64).

Study Treatment

Meropenem was administered ini-
tially for a median of 8 days (IQR, 5-10
days) in the combination therapy group
and 8 days (IQR, 4-10 days) in the
monotherapy group. In the combina-
tion therapy group, moxifloxacin was
administered for a median of 7 days
(IQR, 4-10 days). The total dose of me-
ropenem administered was 18 g (IQR,
8-24 g) in the combination therapy
group and 19 g (IQR, 8-25 g) in the
monotherapy group. The total dose of
moxifloxacin administered was 2.8 g
(IQR, 1.6-4.0 g).

Table 2. Site and Source of Infection
No. (%) of Patients

All
(N=551)

Meropenem
Alone (n = 273)

Moxifloxacin
and Meropenem

(n = 278)
Site of infection

Pneumonia 224 (40.65) 105 (38.46) 119 (42.81)
Other respiratory tract 36 (6.53) 18 (6.59) 18 (6.47)
Intra-abdominal 210 (38.11) 99 (36.26) 111 (39.93)
Bones or soft tissue 36 (6.53) 20 (7.33) 16 (5.76)
Surgical wound infection 20 (3.63) 15 (5.49) 5 (1.80)
Urogenital 64 (11.62) 39 (14.29) 25 (8.99)
Primary bacteremia 16 (2.90) 5 (1.83) 11 (3.96)
Othera 24 (4.36) 13 (4.76) 11 (3.96)

Source of infection
Community-acquired 277 (50.27) 136 (49.82) 141 (50.72)
Nosocomial 273 (49.55) 137 (50.18) 136 (48.92)
Missing 1 (0.18) 0 1 (0.36)

Infection at study enrollment
Microbiologically confirmed 196 (35.57) 97 (35.53) 99 (35.61)
Clinical evidence 355 (64.43) 176 (64.47) 179 (64.39)

aOther includes surgical site infection, meningitis, and central line–associated bloodstream infection.

Table 3. Gram-Positive, Gram-Negative, and Fungi Pathogens at Enrollment
Absolute Frequency (%)a

All Patients
(N=551)

Meropenem
Alone (n = 273)

Moxifloxacin and
Meropenem (n = 278)

Proven by
Any Material

Proven by
Blood Culture

Proven by
Any Material

Proven by
Blood Culture

Proven by
Any Material

Proven by
Blood Culture

Gram-positive pathogen 296 (53.72) 107 (19.42) 140 (51.28) 49 (17.95) 156 (56.12) 58 (20.86)
Staphylococcus aureus 91 (16.52) 27 (4.90) 41 (15.02) 13 (4.76) 50 (17.99) 14 (5.04)
Methicillin-resistant S aureus 18 (3.27) 9 (1.63) 7 (2.56) 3 (1.10) 11 (3.96) 6 (2.16)
Coagulase-negative staphylococci 112 (20.33) 48 (8.71) 59 (21.61) 23 (8.42) 53 (19.06) 25 (8.99)
Methicillin-resistant coagulase-negative

staphylococci
36 (6.53) 12 (2.18) 18 (6.59) 5 (1.83) 18 (6.47) 7 (2.52)

Streptococcus pneumoniae 25 (4.54) 12 (2.18) 9 (3.30) 3 (1.10) 16 (5.76) 9 (3.24)
Enterococcus species 90 (16.33) 11 (2.00) 50 (18.32) 9 (3.30) 40 (14.39) 2 (0.72)
Vancomycin-resistant Enterococcus species 43 (7.80) 6 (1.09) 26 (9.52) 4 (1.47) 17 (6.12) 2 (0.72)
Other Streptococcus species 82 (14.88) 13 (2.36) 38 (13.92) 5 (1.83) 44 (15.83) 8 (2.88)
Otherb 38 (6.90) 8 (1.45) 15 (5.49) 1 (0.37) 23 (8.27) 7 (2.52)

Gram-negative pathogen 271 (49.18) 74 (13.43) 149 (54.58) 41 (15.02) 122 (43.88) 33 (11.87)
Escherichia coli 159 (28.86) 45 (8.17) 83 (30.40) 27 (9.89) 76 (27.34) 18 (6.47)
Klebsiella species 60 (10.89) 7 (1.27) 33 (12.09) 2 (0.73) 27 (9.71) 5 (1.80)
Proteus species 35 (6.35) 4 (0.73) 22 (8.06) 3 (1.10) 13 (4.68) 1 (0.36)
Enterobacter 38 (6.90) 8 (1.45) 18 (6.59) 5 (1.83) 20 (7.19) 3 (1.08)
Pseudomonas aeruginosa 38 (6.90) 8 (1.45) 19 (6.96) 3 (1.10) 19 (6.83) 5 (1.80)
Other Pseudomonas species 7 (1.27) 1 (0.18) 4 (1.47) 1 (0.37) 3 (1.08) 0
Serratia 12 (2.18) 1 (0.18) 6 (2.20) 1 (0.37) 6 (2.16) 0
Citrobacter 16 (2.90) 1 (0.18) 10 (3.66) 1 (0.37) 6 (2.16) 0
Acinetobacter 7 (1.27) 1 (0.18) 6 (2.20) 1 (0.37) 1 (0.36) 0
Haemophilus 12 (2.18) 2 (0.36) 9 (3.30) 1 (0.37) 3 (1.08) 1 (0.36)
Bacteroides species 18 (3.27) 1 (0.18) 11 (4.03) 1 (0.37) 7 (2.52) 0
Otherc 28 (5.08) 4 (0.73) 17 (6.23) 2 (0.73) 11 (3.96) 2 (0.72)

Fungi 159 (28.86) 13 (2.36) 79 (28.94) 9 (3.30) 80 (28.78) 4 (1.44)
Candida albicans 109 (19.78) 7 (1.27) 53 (19.41) 5 (1.83) 56 (20.14) 2 (0.72)
Other Candida species 74 (13.43) 7 (1.27) 36 (13.19) 5 (1.83) 38 (13.67) 2 (0.72)
Aspergillus species 2 (0.36) 0 0 0 2 (0.72) 0
Otherd 16 (2.90) 0 9 (3.30) 0 7 (2.52) 0

aMultiple responses per patient possible. Pathogens were detected during last 7 days before or 4 days after study enrollment.
bOther includes other gram-positive cocci and other aerobic gram-positive bacteria (eg, Bacillus species, Corynebacterium species, Lactobacillus).
cOther includes Legionella, Moraxella, Neisseria, Bacteroides species, and Salmonella.
dOther includes Phycomyces species, Coccidioides, Zygomyces, Rhizopus, Mucor, and Microsporum species.
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Concomitant Treatment
Activated protein C was administered
to 8 patients (3%) in the combination
therapy group and to 9 patients (3%)
in the monotherapy group (P= .78).
Low-dose hydrocortisone for septic
shock was administered to 111 pa-
tients (39.9%) in the combination
therapy group and to 91 patients
(33.3%) in the monotherapy group
(P=.11) at comparable doses (median
of mean daily dose: 136 mg [IQR, 99-
175 mg] vs 134 mg [IQR, 100-169 mg],
respectively; P=.67). Selenium as an ad-
junctive sepsis treatment was admin-
istered to 92 patients (33.1%) in the
combination therapy group and to 87
patients (31.9%) in the monotherapy
group (P=.76). Immunosuppressive

treatment with a prednisolone equiva-
lent was administered at a daily dose
of greater than 5 mg to 13 patients
(4.7%) in the combination therapy
group and to 13 patients (4.8%) in the
monotherapy group (P=.96).

Safety End Points

At least 1 adverse event occurred in 85
patients (n = 303; 28.1% [95% CI,
23.1%-33.5%]) in the combination
therapy group and in 71 patients
(n = 293; 24.2% [95% CI, 19.4%-
29.6%]) in the monotherapy group
(P=.31). There were significantly more
study-related adverse events reported
in the combination therapy group
(n=26; 8.6% [95% CI, 5.7%-12.3%])
compared with the monotherapy group

(n=11; 3.8% [95% CI, 1.2%-6.6%];
P=.02). However, there were no dif-
ferences in the rates of adverse events
classified as serious, serious and study-
related, resulting in death, or study-
related and resulting in death (eTable
3 at http://www.jama.com). Adverse
events assigned to the system organ
class of cardiac disorders were re-
ported in 37 patients (12.2%; 95% CI,
8.8%-16.4%) in the combination
therapy group and in 31 patients
(10.6%; 95% CI, 7.3%-14.7%) in the
monotherapy group (P=.61). Of these
patients, 10 patients (3.3%; 95% CI,
1.6%-6.0%) in the combination therapy
group and 7 patients (2.4%; 95% CI,
1.0%-4.9%) in the monotherapy group
were classified as serious (P=.63). Ad-

Table 4. Study Outcomes

Outcome
All Patients
(N = 551)

Meropenem
Alone (n = 273)

Moxifloxacin and
Meropenem

(n = 278)
P

Valuea

SOFA score, mean (95% CI) 8.1 (7.8-8.5) 7.9 (7.5-8.4) 8.3 (7.8-8.8) .36

Mortality, No. (%) [95% CI]
At 28 d (n = 545)

125 (22.9) [19.5-26.7]
(n = 269)

59 (21.9) [17.1-27.4]
(n = 276)

66 (23.9) [19.0-29.4]
.58

At 90 d (n = 534)
180 (33.7) [29.7-37.9]

(n = 262)
84 (32.1) [26.5-38.1]

(n = 272)
96 (35.3) [29.6-41.3]

.43

SOFA subscores, median (IQR)
Cardiovascular 2.0 (1.1-3.2) 2.0 (1.1-3.1) 2.0 (1.1-3.3) .54

Respiratory 2.4 (2.0-2.9) 2.4 (2.0-2.8) 2.5 (2.0-2.9) .02

Coagulation 0.3 (0-1.0) 0.2 (0-1.0) 0.3 (0-1.1) .48

Renal 0.4 (0-1.7) 0.3 (0-1.6) 0.4 (0-1.8) .28

Hepatic 0 (0-0.5) 0 (0-0.5) 0 (0-0.5) .86

Central nervous system 0.9 (0-2.1) 0.9 (0-2.3) 0.9 (0-2.0) .65

Length of stay, median (IQR), d
In ICU 12 (6-22) 11 (5-24) 12 (6-21) .90

In hospital 27 (14-44) 29 (14-45) 26 (15-42) .64

Intervention-free days, median (IQR)
Ventilatorb 2 (0-6) 2 (0-6) 2 (0-6) .59

Renal replacement therapyb 8 (3-16) 8 (3-19) 8 (3-14) .43

Antibioticb 0 (0-4) 0 (0-4) 0 (0-4) .95

Vasopressorc 4 (1-7) 3 (1-8) 4 (0-7) .73

Secondary infection, No. (%) [95% CI]c (n = 549)
176 (32.1) [28.2-36.1]

(n = 272)
89 (32.7) [27.2-38.7]

(n = 277)
87 (31.4) [26.0-37.2]

.95

Resistance to antibiotic, No. (%) [95% CI]d
Meropenem (n = 166)

9 (5.4) [2.5-10.0]
(n = 88)

8 (9.1) [4.0-17.1]
(n = 78)

1 (1.3) [0.03-6.9]
.04

Moxifloxacin (n = 101)
27 (26.7) [18.4-36.5]

(n = 55)
16 (29.1) [17.6-42.9]

(n = 46)
11 (23.9) [12.6-38.8]

.65

Tobramycin or gentamicin (n = 171)
16 (9.4) [5.4-14.8]

(n = 90)
12 (13.3) [7.1-22.1]

(n = 81)
4 (4.9) [1.4-12.2]

.07

Abbreviations: ICU, intensive care unit; IQR, interquartile range; SOFA, Sequential Organ Failure Assessment.
aCalculated using the t test, Mann-Whitney test, �2 test, or Fisher exact test as appropriate.
bUntil ICU discharge or day 28 (maximum).
cUntil ICU discharge or day 14 (maximum).
dRestricted to patients whose specimens were tested for susceptibility until ICU discharge or day 21 (maximum). The denominator is the subset of patients tested for susceptibility

against the named antibiotic.
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verse events assigned to the system or-
gan class of hepatobiliary disorders were
reported in 8 patients (2.6%; 95% CI,
1.2%-5.1%) in the combination therapy
group and in 3 patients (1.0%; 95% CI,
0.2%-3.0%) in the monotherapy group
(P=.22), of whom 1 event was classi-
fied as serious in the monotherapy
group. The QT interval corrected for
heart rate at end of therapy was not dif-
ferent between groups (median, 423
milliseconds; IQR, 400-443 millisec-
onds in the combination therapy group;
median, 417 milliseconds; IQR, 394-
447 milliseconds in the monotherapy
group; P=.85).

Multivariable Analyses
The risk factors for higher mean SOFA
score at 14 days identified by general
linear model risk factors were SOFA
score at enrollment (regression coeffi-
cient per point, 0.6 [95% CI, 0.5-0.7];
P� .001), renal failure at enrollment
(regression coefficient, 3.9 [95% CI,
3.1-4.8]; P� .001), and age (regres-
sion coefficient per year, 0.02 [95% CI,
0.002-0.04]; P=.03). In Cox regres-
sion analysis, independent risk factors
for time to death were SOFA score at
baseline (hazard ratio [HR] per point,
1.08 [95% CI, 1.03-1.14]; P=.003), re-
nal failure at enrollment (HR, 3.56 [95%

CI, 2.51-5.06]; P� .001), and age (HR
per year, 1.04 [95% CI, 1.03-1.06];
P� .001). In contrast, study therapy,
prior antibiotic treatment, bacterial re-
sistance, and gram-negative enroll-
ment pathogens were not associated
with the mean SOFA score or time to
death.

Subgroup Analyses

Unplanned subgroup analyses strati-
fied by prerandomization SOFA score
or with patients categorized by site
and origin of infection or by enroll-
ment organisms did not show signifi-
cant differences in survival or mean

Figure 2. Daily Sequential Organ Failure Assessment (SOFA) Scores
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SOFA score (eFigure at http://www.jama
.com). In addition, a predefined analy-
sis excluding all patients treated for less
than 4 days with study medication did
not reveal significant differences (eFig-
ure).

COMMENT
In this clinical trial of 551 patients with
severe sepsis or septic shock, we found
no beneficial effect of combination
therapy including meropenem and
moxifloxacin with regard to the 14-
day mean SOFA score, or with regard
to any secondary end point. There were
no statistical differences in serious ad-
verse events or major adverse event pro-
files between the 2 study groups.

To our knowledge, this is the first
randomized trial of the empirical use
of combination therapy compared with
monotherapy in patients with severe
sepsis or septic shock. However, sev-
eral randomized trials of combination
therapy vs monotherapy in serious in-
fections, including endocarditis, gram-
negative bacteremia, and neutropenic
sepsis,5,10,21 and animal models,11,22,23

have supported the possibility of clini-
cally relevant antimicrobial synergism
with appropriate combinations of an-
tibiotics. Two separate meta-analyses
have failed to demonstrate any consis-
tent benefit with combination therapy
of �-lactams and aminoglycosides in
immunocompetent patients with sep-
sis, gram-negative bacteremia, or
both.24,25

In contrast, a meta-regression study
by Kumar et al26 suggested that the ben-
eficial effect of combination therapy
may be restricted to critically ill pa-
tients with septic shock. Another ret-
rospective, propensity-matched, mul-
ticenter cohort study of 4662 patients
with culture-positive, bacterial septic
shock, also by Kumar et al,27 demon-
strated that combination therapy may
decrease 28-day mortality (36.3% vs
29.0%; HR, 0.77 [95% CI, 0.67-0.88];
P�.001) and hospital mortality (47.8%
vs 37.4%; odds ratio, 0.69 [95% CI,
0.59-0.81]; P�.001). The use of com-
bination therapy also was associated
with increased ventilator-free and

pressor/inotrope-free days and signifi-
cant reductions in stay in the ICU. The
beneficial effects of combination
therapy in the study by Kumar et al27

applied to both gram-positive and gram-
negative infections but these findings
were restricted to patients treated with
�-lactams in combination with ami-
noglycosides, fluoroquinolones, or
macrolides/clindamycin. Carbapen-
ems, extended-spectrum �-lactam or
�-lactamase inhibitor combinations,
and antipseudomonal cephalosporins,
which tend to demonstrate optimal
pharmacokinetic indices (with presum-
ably maximal kill rates) for most sep-
tic shock pathogens, yielded the
weakest evidence of benefit with com-
bination therapy.

The findings from our clinical trial
must be interpreted carefully. The spe-
cific antibiotic combination used in this
trial failed to be superior to mono-
therapy. The rationale to select moxi-
floxacin was 3-fold. First, it was thought
to increase the antimicrobial coverage
to community-acquired infections, par-
ticularly gram-positive pathogens such
as streptococci and staphylococci as
well as atypical pathogens. Second, dual
coverage of pathogens typically in-
volved in intra-abdominal infections
might be of value. Third, rapid anti-
bacterial killing and anti-inflamma-
tory effects described for moxifloxa-
cin might exert additional beneficial
effects. In fact, community-acquired in-
fections comprised about 50% of cases.
However, occurrence of Streptococcus
pneumoniae was uncommon in our trial
(4.5% of pathogens), and we cannot ex-
clude the possibility that a trial includ-
ing mainly patients with severe sepsis
and septic shock due to community-
acquired pneumonia would show a ben-
efit from receiving combination treat-
ment including moxifloxacin and
meropenem.28 Dual coverage of gram-
negative Enterobacteriaceae would not
result in superior outcomes due to the
low number of such pathogens resis-
tant to meropenem, although combi-
nation therapy may still be efficacious
in the presence of a high rate of
multidrug-resistant pathogens.

The outcome of septic shock (and
probably severe sepsis) not only de-
pends on adequate antimicrobial cov-
erage but also on the timing of treat-
ment initiation.29 In our study, the rate
of adequate initial antimicrobial treat-
ment with meropenem was 96.8%
(94.2% in the monotherapy group and
100% in the combination therapy
group) among patients tested. Initia-
tion of antimicrobial treatment oc-
curred predominantly within the first
11⁄2 hours after enrollment. In obser-
vational studies, both factors might be
less controlled and account for differ-
ences in outcomes. Therefore, our
results must be interpreted on the back-
ground of optimal management of
patients within the predefined study
setting.

We found a higher rate of carbap-
enem-resistant pathogens in the mono-
therapy compared with the combina-
tion therapy group after treatment (until
ICU discharge or day 21). However, the
numbers were small (8 patients vs 1 pa-
tient; Table 4). Development of carbap-
enem resistance during treatment has
been described and initial combination
with fluoroquinolones may prevent the
risk for selection of carbapenem-resistant
pathogens during treatment.30

Our data provide evidence for shorter
treatment duration for patients with se-
vere sepsis and septic shock. Using a
procalcitonin-guided treatment proto-
col on study days 7 and 10, the me-
dian treatment duration was 8 days for
monotherapy and 7 days for combina-
tion therapy, and the upper IQR for
both groups was 10 days. This finding
is consistent with recent data using pro-
calcitonin as a guide to limit treat-
ment duration in a similar patient popu-
lation.31

In conclusion, in this randomized
multicenter trial of adult patients with
severe sepsis or septic shock, empiri-
cal treatment with the combination of
meropenem and moxifloxacin com-
pared with meropenem alone did not
result in less organ failure.
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