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Objective: The best treatment option for hospitalized patients with community-acquired pneumonia
(CAP) has not been defined. The effectiveness of b-lactam/fluoroquinolone (BLFQ) versus b-lactam/
macrolide (BLM) combinations for the treatment of patients with CAP was evaluated.
Methods: PubMed, Scopus and the Cochrane Library were searched for observational cohort studies,
non-randomized and randomized controlled trials providing data for patients with CAP receiving BLM or
BLFQ. Mortality was the primary outcome. A meta-analysis was performed. MINORS and GRADE were
used for data quality assessment.
Results: Seventeen studies (16 684 patients) were included. Randomized trials were not identified. A
variety of b-lactams, fluoroquinolones and macrolides were used within and between the studies.
Mortality was reported at different time points. The available body of evidence had very low quality. In
the analysis of unadjusted data, mortality with BLFQ was higher than with BLM (risk ratio 1.33, 95% CI
1.15e1.54, I2 28%). BLFQ was associated with higher mortality regardless of the study design, mortality
recording time, study period and study BLM group mortality. BLFQ was associated with higher mortality
in American but not European studies. No difference was observed in patients with bacteraemia and
septic shock. In the meta-analysis of adjusted mortality data, a non-significant difference between the
two regimens was observed (eight studies, adjusted risk ratio 1.26, 95% CI 0.95e1.67, I2 43%).
Conclusion: In the absence of data from randomized controlled trials recommendations cannot be made
for or against either of the studied regimens in this group of hospitalized patients with CAP. Well
designed randomized controlled trials comparing the two regimens are warranted. K.Z. Vardakas, Clin
Microbiol Infect 2017;23:234
© 2016 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Introduction

Despite improvements in management and preventive mea-
sures, community-acquired pneumonia (CAP) continues to be
associated with significant morbidity and mortality [1]. It is among
the leading causes of death in the developed world and has been
associated with considerable expenses [2,3].
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For several decades, antibiotics have been the cornerstone for
CAP management. Timely administration of appropriate antibiotics
has been associated with better outcomes, including reduction in
mortality [4]. In published guidelines three antibiotic classes (flu-
oroquinolones, macrolides and b-lactams) are mainly recom-
mended [5e12]. Several randomized controlled trials (RCTs) have
been conducted in patients with mild to moderate CAP and showed
that all three classes were equally effective [4,13,14]. A meta-
analysis showed that fluoroquinolones were associated with
similar mortality but higher clinical efficacy compared with mac-
rolides, b-lactams and their combination; this was attributed to
open label studies [15].
blished by Elsevier Ltd. All rights reserved.
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Unfortunately, few RCTs studying patients with severe CAP are
available [16]. Pooled data from observational studies have shown a
superiority of the b-lactam/macrolide (BLM) combination over b-
lactam monotherapy in patients with bacteraemic CAP [17]. Hence,
this combination (plus other antibiotics when specific bacteria are
suspected) is recommended in most published guidelines. The
combination of a b-lactam with a fluoroquinolone (BLFQ) has also
been recommended; an RCT comparing a ceftriaxoneelevofloxacin
combination with moxifloxacin showed similar efficacy in patients
with pneumonia severity index class IV CAP [18]. We sought to
study systematically the comparative mortality of these two com-
binations (BLFQ versus BLM) when administered for the treatment
of patients with CAP requiring hospitalization.

Methods

Literature search and data extraction

Two independent reviewers (KZV and KKT) searched the
PubMed, Scopus and Cochrane Library databases until November
2015. The applied search termwas; ‘(combination therapy OR dual
therapy OR macrolide OR quinolone OR b-lactam) and (community
acquired pneumonia OR CAP) and (treatment OR management)’.
The WHO international clinical trial registry, clinicaltrials.gov and
references of reviews and articles selected for inclusion were also
searched. Conference abstracts were not searched. Only articles
written in English were included. Data were extracted indepen-
dently by KKT and KZV in pre-specified forms. Data regarding au-
thors, year of publication, study place and design, characteristics of
included patients (including disease severity and co-morbidity),
possible confounding factors, administered antibiotics and data
on all-cause mortality for the whole population and for patients
with bacteraemia, septic shock and under mechanical ventilation
were collected. The corresponding authors were contacted up to
three times via e-mail requesting unpublished data. The reviewwas
not registered in any database.

Inclusion and exclusion criteria

Any study reporting all-cause mortality (regardless of the length
of the follow-up period) of adult patients with CAP requiring hos-
pitalization regardless of causative pathogen was considered
eligible if specific data onmortality for those receiving combination
treatments with BLM and BLFQ were provided. Duplicate publica-
tions were excluded. Both unadjusted and adjusted data were
collected. Studies on patients receiving outpatient treatment, or
diagnosed primarily with hospital-acquired or healthcare-
associated pneumonia were excluded. Randomized, non-
randomized and observational (cohort, caseecontrol, observa-
tional, cross-sectional) studies could be included; case reports and
series (fewer than ten patients) were ineligible. Patients receiving
monotherapy with any antibiotic were excluded. All cases of CAP
could be analysed regardless of severity or care setting (intensive
care unit (ICU) or ward).

Definitions and outcomes

The outcome of the meta-analysis was all-cause mortality.
Sensitivity analyses were performed according to study design,
geographical region, period (before or after 1998 when fluo-
roquinolones were included in the guidelines for CAP), time of
mortality reporting (30-day, in-hospital, ICU), and in patients with
bacteraemia, septic shock or ICU admission. When data for more
than one study endpoint were provided, mortality in the main
analysis was recorded as the figure at the latest point in the study
(i.e. reporting the largest number of deaths). The definition of CAP
was based on the definitions used in the individual studies. We
sought to exclude as many patients with hospital-acquired or
healthcare-associated pneumonia as possible according to standard
criteria [19].

Statistical analysis

The Methodological Index for Non-Randomized Studies (MI-
NORS) was used for the risk of bias assessment of the included
studies [20]. The score assesses 12 items and a maximum score of
24 can be achieved. The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) tool was used for the overall
assessment of the evidence in the systematic review [21]. The
meta-analysis was performed with Review Manager for Windows
(Review Manager (RevMan), version 5.2, Copenhagen: The Nordic
Cochrane Centre, the Cochrane Collaboration, 2008). Pooled risk
ratios (RR) and 95% CI were calculated using the random effects
model. Statistical heterogeneity among studies was assessed by c2

test (p <0.10 to indicate significant heterogeneity) and I2 (degree of
heterogeneity). Subgroup and sensitivity analyses were performed
according to mortality recording time, study design, study place,
study period and after the exclusion of large studies. In addition,
sensitivity analyses were performed according to the risk of bias in
the included studies. Studies with a score >16 were considered as
low risk for bias. Publication bias was assessed by visual inspection
of the funnel plot.

Adjusted data were analysed using the inverse variance method
of RevMan [22]. The adjusted RR (aRR) was also the selected effect
size for pooling of adjusted data. If an aRR was not provided,
adjusted odds ratio was converted to aRR. If the adjusted hazard
ratio (aHR) was provided in the study and the time to event study
was based on cumulative incidence (i.e. the rate of persons expe-
riencing the endpoint) thenwe considered the aHR as an aRR. If the
adjusted effect size with its 95% CI was not available and the anti-
biotic combination was not significantly associated with mortality,
an adjusted effect size of 1 was imputed, and the standard error of
the unadjusted analysis was used as the measure of dispersion [23].
Variables were categorized as having been adjusted for con-
founders if they were included in the multivariate model or if they
had been included in a stepwise selection procedure (e.g. bivariate
testing), but had not ended up in the final model.

Results

The article selection process is shown in Figure 1. Of the 140
articles selected initially, 17 provided mortality data (16 684 pa-
tients) that could be included in the analyses [24e40]. Additional
data were obtained by eight investigators [26e28,32,34e37].
Table 1 shows the characteristics of the selected studies. Eleven
retrospective and six prospective studies were included; RCTs were
not found. A variety of b-lactams, fluoroquinolones and macrolides
were employed within and between the studies. Seven studies
were conducted in North America, eight in Europe and one each in
Australia and the Middle East. Mortality was reported at different
time-points (30 or 60 days, in-hospital and in-ICU).

Five studies were designed to answer the question of the sys-
tematic review; three more studies were designed to study the
effect of variable antibiotic regimens, both monotherapy and
combinations, on mortality. The remaining studies were designed
to study another question in patients with CAP and either provided
data on mortality according to the treatment regimen or the au-
thors provided the data upon request. The median MINORS score
was 15 (range 10e19). Eight studies had a score >16 and three had a
score >18. The main items missing from all included studies and

http://clinicaltrials.gov


Articles identified in PubMed (n = 3276), Scopus 
(n = 3811) and Cochrane Library (n = 753); and 
additional search performed in article references 

Full text articles assessed for eligibility after 
screening of title and/or abstract (n = 140)

Articles excluded (n = 123)
- Antibiotic specific data for mortality not 
reported n = 57
- Data on combination regimens not 
provided n = 37
- Mortality not reported n = 12
- Paediatric population n = 6
- Pneumonia-specific data not available 
n = 5
- Studied other antibiotics n = 2
- Not English n = 3

Studies included in the meta-analysis (n = 17)

Fig. 1. Flow diagram of the selection process of the included studies.
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leading to lower score were lack of blinded assessment of the pri-
mary endpoint and lack of prospective calculation of study size. Six
studies were at low risk for bias (median 17) and 11 at high risk for
bias (median 13). The GRADE tool characterized the body of evi-
dence as very low quality due to the absence of randomized trials,
the serious risk of bias (most studies did not control for con-
founding or did not provide baseline characteristics of studied
populations), and the presence of publication bias. Issues regarding
indirectness, imprecision and inconsistency were not observed.

Seventeen studies provided unadjusted data for mortality in
patients receiving BLFQ and BLM; the former was associated with
higher mortality (Fig. 2, RR 1.33, 95% CI 1.15e1.54, I2 28%). The
exclusion of the larger study did not alter the outcome (RR 1.29, 95%
CI 1.10e1.52, I2 21%). Publication bias towards small studies
favouring the BLFQ combination was observed (Fig. 3). Six studies
provided data regarding patients with bacteraemia; no difference
was observed between the two regimens (RR 1.24, 95% CI
0.94e1.64, I2 0%). Nine studies provided data regarding patients
with septic shock; no difference was observed (RR 0.89, 95% CI
0.80e1.05, I2 7%).

Most of the sensitivity analyses (Table 2) showed that BLFQ was
associatedwith higher mortality than BLM, except for the European
studies, which showed no difference. Although moderate hetero-
geneity was present in few of these subgroup analyses, the
between-group heterogeneity was not significant for study design,
place, or mortality reporting time. Moderate heterogeneity was
observed for study period and study BLM mortality. Studies at low
or high risk for bias showed similar outcomes in favour of the BLM
combination. Moderate to substantial heterogeneity was observed
in the analysis of low risk for bias studies.

Five studies provided adjusted mortality data [24,31,33,37,40];
two reported the BLFQ combination as an independent predictor of
mortality [33,37]. Two more included the studied antibiotic com-
binations in the multivariate analyses but the adjustments also
included monotherapy regimens [25,38]. Finally, one study pro-
vided adjusted OR for specific study periods but not the whole
study [30]. The meta-analysis of adjusted data only showed no
statistically significant difference in mortality between the two
combination regimens (aRR 1.36, 95% CI 0.93e1.98); similar
outcome was observed after the addition of the other three studies
(Fig. 4, aRR 1.26, 95% CI 0.95e1.67, I2 43%). After the exclusion of
studies that provided the aHR, no statistically significant difference
in mortality between the two combination regimens was observed
(aRR 1.15, 95% CI 0.82e1.62).

Discussion

BLFQ was associated with higher mortality than BLM in the
primary analysis as well as most of the subgroup and sensitivity
analyses of unadjusted data, including that according to the risk of
bias assessment. No difference was found for the subgroups of
patients with bacteraemia and septic shock. None to moderate
statistical heterogeneity was observed in the main and sensitivity
analyses. This was in accordance with the low suspected clinical
heterogeneity as recent studies evaluating severely ill patients were
mainly included. The non-significant association in the analysis of
the European studies could be due to lack of power, as the trend
towards higher mortality with BLFQ was evident. Furthermore,
higher heterogeneity was also observed in this analysis suggesting
different populations. In accordance with our findings, a meta-
analysis that included 4241 patients reported that BLFQ tended to
be associated with higher mortality than BLM in patients treated in
the ICU (p 0.09) [41].

The findings of this systematic review andmeta-analysis are not
in complete accordance with the recommendations of published
guidelines [5e10,12]. A tendency towards higher mortality with
BLFQ compared with BLM combination was observed. In addition,
the available data were classified as of very low quality. Therefore,
the true effect is probably substantially different from the estimate
of effect [42]. To our knowledge, data from RCTs comparing directly
BLFQ and BLM combinations have not been published. In the IDSA
guidelines published in 2007, both BLM and BLFQ were



Table 1
Characteristics of the studies included in the meta-analysis

First author,
year of
publication, (ref)

Study design Study period Study place No. of
evaluable
patients

b-lactam Macrolide Fluoroquinolone Treatment
administered as
empirical,
definitive, both

Adrie et al.
2013, [24]

MC prospective 1996e2010 France BLM:164
BLFQ:230

NR NR ciprofloxacin
levofloxacin
ofloxacin
other

both

Bratzler et al.
2008, [25]

retrospective 1998e2001 USA BLM:6830
BLFQ:1691

BL/BLI,
second- and third-
generation
cephalosporins

NR NR empirical

Capelastegui et al.
2005, [26]

MC retrospective 1998e1999 þ
2000e2001

Spain BLM:267
BLFQ:10

amoxicillin-clavulanate
second- and third-
generation
cephalosporins

NR NR empirical

Capelastegui et al.
2006, [27]

SC prospective 2000e2004 Spain BLM: 125
BLFQ: 39

NR NR NR empirical

Charles et al.
2008, [28]

MC prospective 2004e2006 Australia BLM: 681
BLFQ:3

NR NR NR empirical

Frei et al.
2006, [29]

retrospective 1999e2000 USA BLM:255
BLFQ:68

ceftriaxone,
cefotaxime
ampicillin-sulbactam

azithromycin,
clarithromycin,
erythromycin

levofloxacin empirical

Houck et al.
2001, [30]

retrospective 1992e1993,
1994e1995,
1996e1997

USA BLM:1743
BLFQ:156

NR NR NR empirical

Karhu et al.
2013, [31]

retrospective 2000e2010 Finland BLM:106
BLFQ:104

cefuroxime
ceftriaxone
piperacillin-
tazobactam

erythromycin
azithromycin

moxifloxacin
levofloxacin

empirical

Mahboub et al.
2015, [32]

prospective 2009e2011 UAE,
Kuwait,
Oman,
Bahrain,
Qatar

BLM:48
BLFQ:77

amoxicillin-clavulanate
piperacillin-
tazobactam ceftriaxone
cefepime
cefuroxime

azithromycin,
clarithromycin

levofloxacin,
moxifloxacin

empirical

Martin-Loeches
et al. 2010, [33]

MC prospective NR Europe BLM: 46
BLFQ: 54

third- and fourth-
generation
cephalosporins
piperacillin-
tazobactam

azithromycin,
clarithromycin

levofloxacin
ciprofloxacin
moxifloxacin

empirical

Menendez et al.
2012, [34]

MC prospective 2005e2007 Spain BLM:1073
BLFQ:488

third-generation
cephalosporins,
amoxicillin-clavulanate

NR NR empirical

Minhas et al.
2007, [35]

retrospective 2002e2005 Canada BLM:18
BLFQ:6

cefuroxime
ceftriaxone
ampicillin

azithromycin
clarithromycin

levofloxacin
ciprofloxacin

both

Mongardon et al.
2012, [36]

retrospective 2001e2008 France BLM: 87
BLFQ: 68

NR NR NR empirical

Mortensen et al.
2006, [37]

retrospective 1999e2002 USA BLM:87
BLFQ:50

ceftriaxone,
cefotaxime,
piperacillin-
tazobactam

azithromycin levofloxacin,
gatifloxacin

empirical

Naucler et al.
2013, [38]

retrospective 2007e2009 Sweden BLM: 26
BLFQ:31

penicillin G,
cephalosporins

NR moxifloxacin,
levofloxacin

empirical

Waterer et al.
2001, [39]

retrospective 1996e2000 USA BLM: 43
BLFQ:24

third-generation
cephalosporins
penicillin

NR levofloxacin
ciprofloxacin

empirical

Wilson et al.
2012, [40]

retrospective 2001e2007 USA BLM:1106
BLFQ:883

cefepime, cefotaxime
ceftriaxone
cefuroxime,
imipenem, ertapenem
meropenem
ampicillin
ampicillin-sulbactam
ticarcillin-clavulanate
piperacillin-
tazobactam

azithromycin,
clarithromycin,
erythromycin

gatifloxacin,
levofloxacin,
moxifloxacin

empirical

Abbreviations: BL, b-lactam; BLI, b-lactamase inhibitor; FQ, fluoroquinolone; M, macrolide; MC, multicentre; NA, not applicable; NR, not reported.
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recommended. The strong recommendation, based on a high level
of evidence, for BLFQ administration in the ICU was given because
‘in mechanically ventilated (MV) patients fluoroquinolone alone
resulted in a trend toward inferior outcome’ compared with BLFQ
[7]. Data from an open-label RCT on 398 patients with CAP
requiring ICU admission and comparing a cefotaxime/ofloxacin
combination with levofloxacin were quoted. Half of patients
required MV; patients with septic shock were excluded [43]. Both



Study or Subgroup
Adrie 2013
Bratzler 2008
Capelastegui 2005
Capelastegui 2006
Charles 2008
Frei 2006
Houck 2001
Karhu 2013
Mahboub 2015
Martin-Loeches 2010
Menendez 2012
Minhas 2007
Mongardon 2012
Mortensen 2006
Naucler 2013
Waterer 2001
Wilson 2012

Total (95% CI)
Total events
Heterogeneity: Tau² = 0.02; Chi² = 22.36, df = 16 (P = 0.13); I² = 28%
Test for overall effect: Z = 3.82 (P = 0.0001)

Events
72

156
1
4
0
4

23
17
1

25
39
1

20
15
1
3

242

624

Total
230

1691
10
39
3

68
156
104

77
54

488
6

68
50
31
24

883

3982

Events
35

420
16
22
43
3

163
26
0

12
59
3

25
15
0
2

265

1109

Total
164

6827
267
125
681
255

1743
106

48
46

1073
18
87
87
26
43

1106

12702

Weight
10.9%
20.4%
0.6%
2.0%
0.3%
1.0%
9.0%
5.7%
0.2%
5.5%
9.5%
0.5%
6.7%
4.6%
0.2%
0.7%

22.1%

100.0%

M-H, Random, 95% CI
1.47 [1.03, 2.08]
1.50 [1.26, 1.79]

1.67 [0.24, 11.37]
0.58 [0.21, 1.59]

1.96 [0.14, 26.62]
5.00 [1.15, 21.81]
1.58 [1.05, 2.36]
0.67 [0.39, 1.15]

1.88 [0.08, 45.35]
1.77 [1.01, 3.12]
1.45 [0.98, 2.15]
1.00 [0.13, 7.89]
1.02 [0.62, 1.68]
1.74 [0.93, 3.25]

2.53 [0.11, 59.63]
2.69 [0.48, 14.98]
1.14 [0.98, 1.33]

1.33 [1.15, 1.54]

BLFQ BLM Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Against BLM Against BLFQ

Fig. 2. Forest plot depicting the unadjusted risk ratios (RR) of mortality among patients treated with b-lactam/fluoroquinolone (BLFQ) and b-lactam/macrolide (BLM) combinations.
Vertical line represents ‘no difference’ point between the two regimens. Squares indicate risk ratios, Diamonds indicate pooled risk ratios for all studies. Horizontal lines represent
95% CI.
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regimens were equally effective regarding clinical and microbio-
logical responses as well as mortality for both MV and non-MV
patients [43]. A double-blind RCT compared ceftriaxone/levo-
floxacin combination with moxifloxacin (738 patients with mod-
erate to severe CAP) [18]. Approximately 10% of patients required
ICU admission, but specific data on MV and septic shock were not
provided. Again, no difference in outcomes was observed [18].

The major limitation of the meta-analysis was the inclusion of
non-randomized studies only that were not designed to evaluate
the comparative effectiveness of the two regimens. As a result, data
on patient demographics, history and disease severity were not
available and only some studies provided adjusted outcome data.
Furthermore, adjustment was not uniform in all studies, as it was
performed according to the studied factors and findings of the in-
dividual studies. In four out of five studies providing comparative
data for patient demographics, history and disease severity (2830
patients, 17% of the population included in the analysis), patients
receiving BLFQ were older or had more co-morbidity or more se-
vere CAP than patients receiving BLM [24,31,37,40]. In the
remaining study no differences were reported for the aforemen-
tioned variables [33]. In two of them, BLFQ was an independent
predictor for mortality [33,37]. The appropriateness of the admin-
istered regimen could not be evaluated. It is possible that less
severely ill patients might have received either combination
regimen. An insight to all these confounders could be provided only
if individual patient data were available.

If the findings of the present analysis are not due to the low
quality of available data, the immunomodulating properties of
macrolides (reduction of pro-inflammatory response to infectious
stimuli) could be implicated [44,45]. Although fluoroquinolones
have similar properties, they cause a more global reduction in im-
mune responses than macrolides, including a reduction in inter-
feron-g levels, which does not allow the restoration of immune
function after sepsis-induced immunoparalysis [46e48]. In addi-
tion, if the anti-inflammatory properties of macrolides were pri-
marily responsible for the observed difference in mortality
between BLFQ and BLM, someone would have expected a similar
difference between fluoroquinolone monotherapy and BLM, which
was not observed in other meta-analyses [15,49,50].

A second explanation could be the potential for selection of
multidrug-resistant pathogens following fluoroquinolone admin-
istration, which could increase the probability of death from su-
perinfections in patients requiring ICU care or prolonged
hospitalization [47]. However, in the single study that provided
relevant data the development of such infections was similar
between BLFQ and BLM [24]. In addition, the duration of hospi-
talization in most of the studies was not long enough to facilitate
such infections. Other possible explanations could be antagonism
between b-lactams and fluoroquinolones in humans (which has
not been shown in vitro) [51], or increase in fatal adverse events
(also not reported for a commonly prescribed combination
regimen in nosocomial infections). Resistance to fluoroquinolones
or lack of atypical coverage is unlikely to contribute to these
outcomes.

In conclusion, very low quality evidence is available for the
comparative effectiveness of BLFQ and BLM for the treatment of
hospitalized patients with CAP. These data show a trend towards
higher mortality with a BLFQ combination. However, in the
absence of RCTs, recommendations cannot be made for or against
either of the studied regimens. Furthermore, the subgroup of
patients who might not benefit from treatment with BLFQ has
not been defined. The finding suggesting higher mortality in the
unadjusted analysis with the guideline-recommended BLFQ
combination, although inconclusive, may advocate a less frequent
use of this combination as empirical treatment for severe CAP.
Patients with suspected Pseudomonas aeruginosa CAP (although
there is still no strong evidence that a combination with fluo-
roquinolones would lower mortality) [52], increased probability
for multidrug-resistant pathogens or documented severe allergy
to macrolides could be more appropriate candidates for the BLFQ
regimen until well-designed RCTs comparing the two regimens
are performed.



Fig. 3. Funnel plot for studies providing outcomes for patients treated with b-lactam/macrolide (BLM) and b-lactam/fluoroquinolone (BLFQ) combination therapy (unadjusted
analysis).

Table 2
Sensitivity analyses for b-lactam/fluoroquinolone vs b-lactam/macrolide containing regimens

Sensitivity analysis Included studies, n Patients with outcome, n RR, 95% CI p value I2

Quality of studies
Lower risk for bias 6 4729 1.30, 1.03e1.65 0.03 54%
Higher risk for bias 11 11955 1.44, 1.24e1.67 <0.001 0%

Mortality recording time (subgroup difference I2 0%)
30-day 9 13935 1.25, 1.01e1.55 0.04 48%
In-hospital 6 9481 1.47, 1.15e1.89 0.002 24%
ICU-treated 8 4217 1.44, 1.08e1.91 0.01 77%

Study design (subgroup difference I2 0%)
Retrospective 11 13656 1.30, 1.06e1.59 0.01 44%
Prospective 6 3028 1.44, 1.15e1.81 0.002 0%

Study place (subgroup difference I2 0%)
North America 7 12957 1.43, 1.16e1.76 <0.001 45%
Europe 8 2918 1.20, 0.91e1.57 0.20 37%
Other 2 809 1.93, 0.26e14.50 0.52 0%

Study period (subgroup difference I2 37.4%)
Initiated before 1998 3 2360 1.53, 1.18e1.99 0.001 0%
Initiated after 1998 12 14224 1.25, 1.03e1.50 0.02 36%

Study BLM mortality (subgroup difference I2 60.5%)
0%e1.99% 3 505 3.90, 1.14e13.34 0.03 0%
2%e8.99% 5 11107 1.50, 1.28e1.76 <0.001 0%
>9% 9 5072 1.23, 1.00e1.50 0.05 41%

Abbreviations: ICU, intensive care unit; NA, not applicable; RCTs, randomized controlled trials.

Study or Subgroup
Adrie 2013
Bratzler 2008
Houck 2001
Karhu 2013
Martin-Loeches 2010
Mortensen 2006
Naucler 2013
Wilson 2012

Total (95% CI)
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Fig. 4. Forest plot depicting the adjusted risk ratios (RR) of mortality among patients treated with b-lactam/fluoroquinolone (BLFQ) and b-lactam/macrolide (BLM) combinations.
Vertical line indicates ‘no difference’ point between the two regimens. Squares represent adjusted risk ratios. Diamonds represent pooled adjusted risk ratios for all studies.
Horizontal lines represent 95% CI.
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