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In this issue of Intensive Care Medicine, Martin-Loeches
and colleagues [1] present an analysis of a cohort of 218
patients with community-acquired pneumonia requiring
mechanical ventilation enrolled into a larger, observa-
tional, multi-center European study. The major finding of
the study in this issue was that the 42 patients who
received a macrolide antibiotic had half the mortality rate
of other patients after adjusting for severity of illness at
presentation.

That macrolide antibiotics appear to confer a signifi-
cant survival advantage in patients with severe
community-acquired pneumonia is not a new concept,
with multiple observational and retrospective studies
demonstrating substantial mortality benefits [2–7]. How-
ever, as has been pointed out in many editorials and
reviews, none of these studies are prospective, random-
ized controlled trials. In the absence of scientifically
irrefutable evidence, at what point does the weight of data
in favor of using macrolides become so overwhelming
that their use is obligatory?

If we look at the potential downsides of making mac-
rolides obligatory, then there is an obvious economic cost
if they are not needed. However, relative to most costs in

health care, the economic burden is trivial. Unnecessary
macrolide use could perceivably contribute to increased
antibiotic resistance to this class of antibiotics in the
community, but the reality is that patients hospitalized
with community-acquired pneumonia account for a min-
ute portion of total antibiotic use, and this is not a
sustainable argument given the already widespread use of
this class of agents in the outpatient setting for upper and
lower respiratory tract infections. Overuse of macrolides,
like any antibiotic, could theoretically lead to selection
for multi-resistant pathogens. However, the risk of this
seems to be smaller than for broad-spectrum beta-lactams,
third-generation cephalosporins and fluroquinolones,
which all have well-documented track records of this
adverse side effect. As with all antibiotics, drug reactions
can occur, but macrolides are generally a very safe class
of antibiotics. An increased incidence of arrhythmias has
been reported with macrolides because of prolongation of
the Q-T interval, but overall the risk is no greater than that
associated with fluroquinolones [8].

If there is no major downside to adding a macrolide,
the next question is whether these are the best agents or
whether other antibiotics or antibiotic combinations have
an equivalent or greater beneficial effect. One of the
proposed (and I think the least likely) potential explana-
tions for the benefit of macrolides is covering
unrecognized ‘atypical’ pathogens (such as Legionella
spp. or Mycoplasma). If this were the mechanism, then
there should be equivalent benefit from fluroquinolones
and tetracyclines. However, just as previous observational
studies have shown [9, 10], the current study by Martin-
Loeches and colleagues [1] also clearly demonstrates that
fluroquinolones do not give the same apparent protective
effect as macrolides. Although much more limited, there
are also some data suggesting that tetracyclines are also
not as efficacious as macrolides [10].

That the benefit of macrolides is almost certainly not
driven by undiagnosed atypical pathogens invalidates the
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argument that physicians do not need to use them if they
have a low prevalence of atypical pathogens in their
region. There is substantive evidence for macrolides
having an immunomodulating effect on the host immune
response [11], and this may be a key factor in their
apparent clinical benefit. However, the recent demon-
stration that most patients with community-acquired
pneumonia and sepsis-related organ dysfunction have
high systemic pneumococcal bacterial loads [12] suggests
to me that the now well-recognized anti-toxin effects of
macrolides, even in macrolide-resistant organisms [13],
also play a key role. Importantly, neither fluroquinolones
nor tetracyclines were observed to have anti-pneumolysin
effects in pneumococci [13].

Clearly not all patients admitted to hospital with
community-acquired pneumonia will die with or without
a macrolide, so can we select those who will benefit? The
research group reporting in this journal had previously
suggested that the most benefit may be for patients with
shock [6]; however, their current analysis clearly extends
the indication to patients requiring mechanical ventilation
[1]. Unfortunately, while it is straight forward if patients
require inotropic support or mechanical ventilation at the
time of presentation, our ability to predict patients who

will deteriorate over the first 24 h after admission remains
more limited. As the proposed mechanisms by which
macrolides improve outcome may clearly be more
effective prior to significant organ failure being estab-
lished, it would seem prudent to give a macrolide to any
patient with significant physiological compromise. Better
predictive tools, such as quantitative systemic bacterial
load [12], may help improve the selection of at-risk
patients in the future.

Given the overwhelming weight of data, I believe that
macrolides should be obligatory in all cases of severe
community-acquired pneumonia. With odds ratios for
death ranging from two to six times greater in non-mac-
rolide-treated patients [1, 3, 4, 7], and given the low risk
and cost of such treatment, refusal to do so out of scep-
ticism of the data is unjustifiable. We would all like the
definitive prospective trial, but that is unlikely to occur for
financial, logistic and even ethical reasons. Hopefully, the
growing animal [14, 15] and human data [16] suggesting
macrolides are of benefit in sepsis due to many causes
other than community-acquired pneumonia will be
extended into prospective randomized, controlled trials,
and then the issue of not having this data in community-
acquired pneumonia will become moot.
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Abstract Objective: To assess the
effect on survival of macrolides or
fluoroquinolones in intubated patients
admitted to the intensive care unit
(ICU) with severe community-
acquired pneumonia (severe CAP).
Methods: Prospective, observa-
tional cohort, multicenter study
conducted in 27 ICUs of 9 European
countries. Two hundred eighteen
consecutive patients requiring inva-
sive mechanical ventilation for an
admission diagnosis of CAP were
recruited. Results: Severe sepsis
and septic shock were present in 165
(75.7%) patients. Microbiological
documentation was obtained in 102
(46.8%) patients. ICU mortality was
37.6% (n = 82). Non-survivors were
older (58.6 ± 16.1 vs.
63.4 ± 16.7 years, P\ 0.05) and
presented a higher score on the
simplified Acute Physiology Score II
at admission (45.6 ± 15.4 vs.
50.8 ± 17.5, P\ 0.05).

Monotherapy was given in 43
(19.7%) and combination therapy in
175 (80.3%) patients. Empirical anti-
biotic therapy was in accordance with
the 2007 Infectious Diseases Society
of America (IDSA)/American Tho-
racic Society (ATS) guidelines in 100
(45.9%) patients (macrolides in 46
patients and fluoroquinolones in 54).
In this cohort, a Cox regression
analysis adjusted by severity identi-
fied that macrolide use was associated
with lower ICU mortality (hazard
ratio, HR 0.48, confidence intervals,
95% CI 0.23–0.97, P = 0.04) when
compared to the use of fluoroquino-
lones. When more severe patients
presenting severe sepsis and septic
shock were analyzed (n = 92), simi-
lar results were obtained (HR 0.44,
95% CI 0.20–0.95, P = 0.03).
Conclusions: Patients with severe
community-acquired pneumonia had
a low adherence with the 2007 IDSA/
ATS guidelines. Combination therapy
with macrolides should be preferred
in intubated patients with severe
CAP.

Keywords
Severe community-acquired
pneumonia ! Macrolides !
Critical care ! Mortality

Intensive Care Med (2010) 36:612–620
DOI 10.1007/s00134-009-1730-y ORIGINAL

http://dx.doi.org/10.1007/s00134-009-1734-7


Introduction

Community-acquired pneumonia (CAP) is the leading
cause of infectious death and severe sepsis and is the
seventh leading cause of overall death [1]. Severe CAP is
defined as having the need for aggressive intensive care
unit (ICU) management due to shock, organ dysfunction
or need for mechanical ventilation. Strict adherence to the
2005 Infectious Diseases Society of America (IDSA)/
American Thoracic Society (ATS) guidelines improves
outcomes [2, 3], but survival has shown little improve-
ment in the past 3 decades.

Combination antibiotic therapy improves ICU survival
in patients with severe CAP [4], and adding a macrolide
or fluoroquinolone to a b-lactam is recommended by the
2007 IDSA/ATS guidelines [5]. The addition of macro-
lides may have potential benefits for severely ill patients
other than just antibiotic susceptibility. Recent studies
suggested that macrolides may have beneficial effects in
severe CAP [6] because of their immunomodulatory
effects rather than due to their antimicrobial properties
[7].

Studies in bacteremic pneumococcal pneumonia,
CAP, severe sepsis and septic shock due to CAP have
suggested a benefit with appropriate therapy in which a
macrolide is combined with a b-lactam. However, in
patients with severe CAP, according to the guidelines,
there are limited data to support the use [4, 8–10]. In
addition, it is not clear if the benefit is the combination
therapy or the association with a macrolide and not the
fluoroquinolones.

Therefore, our objective was to assess the effect on
survival of using macrolides or fluoroquinolones in
combination therapy in a cohort of patients hospitalized
with severe CAP in 27 European ICUs. Our hypothesis
was that in patients with severe CAP treated according to
the 2007 IDSA/American Thoracic Society ATS guide-
lines, the addition of a macrolide was associated with
lower ICU mortality. A secondary objective was to asses
the degree of agreement with the 2007 IDSA/ATS
guidelines for CAP.

Materials and methods

Study design

A total of 2,436 consecutive patients with mechanical
ventilation for more than 48 h admitted to ICUs in 27
hospitals in Europe were eligible. One investigator at each
hospital prospectively recorded variables in a previously
designed database. The participating centers either
received ethical approval from their institutions or ethical
approval was waived.

Details on the setup of this observational study can be
found elsewhere [11]. Immunocompromised patients
were excluded for analysis. Cases presumed to be caused
by coagulase-negative Staphylococci or Enterococci spp.
were considered contaminated and classified as unknown.
Cases with nonbacterial pneumonia (virus, tuberculosis)
were excluded. The study cohort was divided in two
groups according to the antibiotic administrated (macro-
lides vs. quinolones) in IDSA/ATS-compliant regimens.
The primary outcome was mortality in the ICU and within
30 days. A sub-analysis was performed considering only
patients with severe sepsis and septic shock.

Variables

Relationships with mortality were evaluated for the fol-
lowing variables: age, gender, lifestyle risk factors and
pre-existing comorbidities [alcoholism, chronic obstruc-
tive pulmonary disease (COPD), cardiovascular disease
and diabetes mellitus]. Disease severity was assessed by
the simplified Acute Physiology Score (SAPS II) based on
the first 24 h of ICU observation, the development of
severe sepsis and ICU mortality.

Definitions

Community-acquired pneumonia was defined as an acute
lower respiratory tract infection characterized by: (1) an
acute pulmonary infiltrate evident on chest radiographs
and compatible with pneumonia, (2) confirmatory find-
ings of clinical examination and (3) acquisition of the
infection outside a hospital. Community-acquired pneu-
monia was considered severe when it required ICU
admission [12]. Patients were admitted to the ICU either
because they were potential candidates for mechanical
ventilation and/or because they were judged to be in an
unstable condition requiring intensive medical or nursing
care [13, 14].

Patients with human immunodeficiency virus (HIV)
infection, neoplasia, those taking cytotoxic drugs or long-
term oral steroid therapy, such as a daily dose of 20 mg of
prednisolone or the equivalent for[2 weeks, were con-
sidered immunocompromised and were excluded.

Sepsis, severe sepsis and septic shock were defined
following the criteria of the American College of Chest
Physicians and the Society of Critical Care Medicine [15,
16].

Patients with and without severe sepsis were com-
pared. Antimicrobial therapy was considered guideline-
concordant if it agreed with either the 2007 IDSA or ATS
guidelines. Macrolides administered were either azithr-
omicin or clarithromicin. Dosing was considered in
agreement with 2007 IDSA/ATS guidelines to define the
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appropriateness of empirical treatment. No patients were
switched from macrolides to fluoroquinolones—and vice
versa—during the course of the disease. Treatment deci-
sions for all study participants, including type of
resuscitation, determination of the need for intubation,
other coadjuvant therapy and type of antibiotic therapy
administered (class of combination therapy), were not
standardized and were made by the attending physician.

Statistical analysis

Discrete variables were expressed as counts (%) and
continuous variables as mean and standard deviation
(SD), unless stated otherwise; all statistical tests were
two-sided. Differences in categorical variables were cal-
culated using two-sided likelihood ratio v-square test or
Fisher’s exact test, and the Mann–Whitney U test or
Kruskal–Wallis test was used for continuous variables,
when appropriate. Cox proportional-hazards regression
analysis was used to assess the impact of independent
variables on ICU mortality across the time. Variables
significantly associated with mortality in the univariate
analysis were entered in the model. In order to avoid
spurious associations, variables entered in the regression
models were those with a relationship in univariate
analysis (P B 0.05) or a plausible relationship with the
dependent variable. Results are presented as HR and 95%
CI. Results are presented as odds ratio (OR) and 95% CI.
Potential explanatory variables were checked for collin-
earity prior to inclusion in the regression models using a
tolerance and variance inflation factor. Data analysis was

performed using SPSS for Windows 13.0.0 (SPSS, Chi-
cago, IL).

Results

Study population

A total of 257 intubated patients with severe CAP were
enrolled. Immunocompromised patients (n = 39) were
excluded. A total of 218 patients were included in the
final analysis. One hundred forty-nine (68.3%) patients
were male, the mean age was 60.4 (16.4) years, and the
mean SAPS II score at ICU admission was 47.6 (16.4).
Severe sepsis and septic shock were present in 165
(75.7%). Patients with severe sepsis/septic shock pre-
sented longer ICU stay among survivors. Differences in
baseline characteristics between patients with and without
severe sepsis/septic shock are summarized in Table 1.

Documentation of etiology

Microbiological documentation was obtained in 102
(46.8%) patients. Blood cultures provided a definitive
diagnosis in only 20 cases (9.2%). Streptococcus pneu-
moniae (n = 33; 32.4%) was identified as the most
prevalent pathogen, followed by 23 cases of Staphylo-
coccus aureus (22.5%) and 11 Haemophilus influenzae
(10.8%). Table 2 details the prevalence of microorgan-
isms isolated in patients with and without severe sepsis
and septic shock. No significant differences in etiology

Table 1 Comparison of demographic and clinical characteristics among patients with CAP with or without severe sepsis

Overall (n = 218) Sepsis (n = 53) Severe sepsis/septic
shock (n = 165)

P value

Age mean years (SD) 60.9 (16.07) 63.1 (16.61) 59.6 (16.42) 0.17
Male gender, n (%) 149 (68.3%) 20 (60.6%) 129 (69.7%) 0.31
Mean SAPS II score (SD) 46.5 (16.1) 42.61 (14.51) 48.51 (16.65) 0.05
Mean SOFA score (SD) 7.5 (3.5) 6.35 (3.6) 8.1 (3.7) 0.01
Length of stay ICU, days (SD) 18.7 (15.9) 16.5 (15.8) 21.4 (15.3) 0.08
Length of stay hospital, days (SD)* 33.5 (25.1) 29.6 (23.9) 38.8 (26.0) 0.05
Preexisting comorbid conditions
COPD, n (%) 40 (18.3%) 8 (15.1%) 32 (19.4%) 0.54
Diabetes, n (%) 33 (15.1%) 5 (14.7%) 28 (15.2%) 0.99
Cardiomyopathy, n (%) 53 (24.3%) 16 (30.2%) 37 (22.4%) 0.27
Cirrhosis, n (%) 11 (5.0%) 3 (5.7%) 8 (4.8%) 0.73
Chronic renal failure, n (%) 18 (8.3%) 3 (5.7%) 15 (9.1%) 0.57
Alcohol, n (%) 32 (14.7%) 7 (13.2%) 25 (15.2%) 0.82
ICU mortality, n (%) 82 (37.6%) 7 (21.2%) 75 (40.5%) 0.02
Bacteremia, n (%) 20 (9.2%) 2 (9.1%) 18 (13.3%) 0.74

SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment, ICU intensive care unit, COPD chronic
obstructive pulmonary disease
* In survivors
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were documented. Inadequate empirical therapy was
documented in only 5% of the episodes.

ICU characteristics

Overall ICU mortality was 37.6% (n = 82). Early mor-
tality (within the first 3 days) was observed in only ten
(12.3%) patients. Non-survivors were older (58.4 SD 16.3
vs. 63.9 SD 16.2 years, P\ 0.01) and presented a sig-
nificantly higher SAPS II score at admission (45.4 SD
15.5 vs. 51.3 SD 17.2, P\ 0.01.) when compared to
survivors. Differences in baseline characteristics between
survivors and non-survivors are summarized in Table 3.

Empirical antimicrobial therapy

Monotherapy was given in 43 (19.7%) and combination
therapy in 175 (80.3%) patients. Empirical antibiotic

treatment was in accordance with the 2007 IDSA/ATS
guidelines in 100 (45.9%) patients. Combination was
prescribed with macrolides in 46 patients and fluoro-
quinolones in 54 patients. Concerning distribution, in the
macrolide group, the vast majority 41 (89.1%) of the
patients received a third generation cephalosporin, 2
(4.3%) a fourth generation cephalosporin and 3 (6.5%)
piperacilin/tazobactam. Meanwhile, 22 (40.7%) patients
in the quinolone group received a third generation ceph-
alosporin, 6 (11.1%) a fourth generation cephalosporin,
12 (22.2%) carbapenem and 14 (25.9%) piperacilin/ta-
zobactam. The quinolones used are detailed in Table 4.
The characteristics of patients treated with a macrolide or
a quinolone are shown in Table 5.

Mortality in the ICU was significantly lower for sub-
jects who received macrolides compared to patients who
received quinolones (26.1% vs. 46.3%, P\ 0.05)
(Fig. 1). When excluding ciprofloxacin, no significant
differences were documented. Similar results were
obtained with 30-day mortality. In 100 patients receiving

Table 2 Prevalence of microorganisms isolated in patients with and without severe sepsis

Overall (n = 102) Patients with
sepsis (n = 17)

Patient with shock/severe
sepsis (n = 85)

P value

S. pneumoniae 33 (32.3%) 2 (5.9%) 31 (16.8%) 0.12
S. aureus 24 (23.5%)a 5 (11.8%)a 19 (10.3%) 0.76
H. influenza/M. catarrhalis 12 (11.7%) 5 (11.8%) 7 (3.8%) 0.73
P. aeruginosa 11 (10.8%) 2 (5.9%) 9 (4.9%) 0.68
Enterobacteriacea 13 (12.7%) 2 (5.9%) 11 (6.0%) 0.99
L. pneumophila 3 (2.9%) – 3 (1.6%) 1
Miscellaneousb 6 (5.8%) 1 (7.7%) 5 (5.1%) 0.33
Overall 102 17 (16.7%) 85 (83.3%) 0.71

a Including one episodes of oxacillin-resistant S. aureus
b Miscellaneous: includes four episodes of Chlamydophila pneumoniae, one episode of Mycoplasma pneumonia and one episode of
Nocardia asteroides

Table 3 Comparison of demographic and clinical characteristics among patients with CAP that received initial macrolide versus
quinolones therapy in accordance with 2007 IDSA/ATS guidelines. Survivors vs. non-survivors

Survivors (n = 137) Non-survivors (n = 81) P value

Age mean years (SD) 58.6 (16.1) 63.4 (16.7) 0.03
Male gender, n (%) 97 (71.3%) 52 (63.4%) 0.22
Mean SAPS II score (SD) 45. 6 (15.5) 50.8 (17.5) 0.02
Mean SOFA score (SD) 7.4 (3.7) 8.3 (3.6) 0.16
Preexisting comorbid conditions
COPD, n (%) 28 (20.6%) 12 (14.6%) 0.36
Diabetes, n (%) 17 (12.5%) 16 (19.5%) 0.17
Cardiomyopathy, n (%) 29 (21.3%) 24 (29.3%) 0.19
Cirrhosis, n (%) 5 (3.6%) 6 (7.4%) 0.33
Chronic renal failure, n (%) 8 (5.9%) 10 (12.%) 0.08
Alcohol, n (%) 22 (16.2%) 10 (12.2%) 0.55
Bacteremia, n (%) 12 (12.4%) 8 (13.3%) 0.99
IDSA/ATS compliant, n (%) 63 (46.3%) 37 (45.1%) 0.88
Macrolides, n (%) 34 (54.0%) 12 (32.4%) 0.05
Quinolones, n (%) 29 (46.0%) 25 (67.6%) 0.04

SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment, ICU intensive care unit, COPD chronic
obstructive pulmonary disease, IDSA Infectious Disease Society of America, ATS American Thoracic Society
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combination therapy in accordance with 2007 IDSA/ATS
guidelines, a Cox regression analysis adjusted by etiology
and severity identified that using a macrolide was asso-
ciated with lower ICU mortality (HR 0.48, 95% CI 0.23–
0.97, P = 0.04) when compared to quinolone use
(Fig. 2). When the model was adjusted for etiology, the
use of macrolides remained associated with lower mor-
tality. Moreover, when patients presenting severe sepsis/
septic shock due to CAP were analyzed (n = 92), a
similar protective survival effect was observed in the

macrolide combination therapy group (HR 0.44, 95% CI
0.20–0.95, P = 0.03) (Fig. 3). The numbers were too
small to allow for analysis of the administration of mac-
rolides in patients with sepsis.

Table 4 Quinolone-based regimens in accordance with the 2007 IDSA/ATS guidelines

Levofloxacin* (n = 28) Ciprofloxacin (n = 18) Moxifloxacin (n = 8)

No antipseudomonal b-lactam 16 (29.6%) 1 (1.8%)
Antipseudomonal b-lactam 12 (22.2%) 18 (33.3%) 7 (12.9%)

* Fifteen (53.5%) patients received a dosage of levofloxacin[500 mg/day

Table 5 Comparison of demographic and clinical characteristics among 100 patients with CAP that received initial macrolide versus
quinolones therapy in accordance with the 2007 IDSA/ATS guidelines

Overall Severe sepsis and septic shock

IDSA/ATS
concordant
(n = 100)

Macrolides
(n = 46)

Quinolones
(n = 54)

P value IDSA/ATS
concordant
(n = 92)

Macrolides
(n = 40)

Quinolones
(n = 52)

P value

Age mean years (SD) 57.6 (16.2) 58.2 (16.4) 57.1 (16.2) 0.73 57.8 (16.1) 58.9 (16.3) 57.04 (16.1) 0.58
Male gender, n (%) 61 (61.0%) 25 (54.3%) 36 (66.7%) 0.22 58 (63.0%) 22 (55.0%) 36 (69.2%) 0.19
Mean SAPS II score (SD) 46.9 (15.6) 44.3 (15.5) 49.2 (15.5) 0.11 46.6 (15.6) 44.1 (16.1) 48.6 (15.2) 0.18
Mean SOFA score (SD) 7.68 (3.9) 7.18 (3.9) 8.14 (3.9) 0.26 7.85 (3.9) 7.33 (4.0) 8.29 (3.8) 0.29
Preexisting comorbid conditions
COPD, n (%) 14 (14.0%) 7 (15.2%) 7 (13.0%) 0.77 14 (15.2%) 7 (17.5%) 7 (13.5%) 0.77
Diabetes, n (%) 18 (18.0%) 7 (15.2%) 11 (20.4%) 0.61 16 (17.4%) 6 (15.0%) 10 (19.2%) 0.78
Cardiomyopathy, n (%) 23 (23.0%) 10 (21.7%) 13 (24.1%) 0.81 22 (23.9%) 9 (22.5%) 13 (25.0%) 0.81
Chronic renal failure, n (%) 11 (11.0%) 3 (6.5%) 8 (14.8%) 0.21 11 (12.0%) 3 (7.5%) 8 (15.4%) 0.33
Alcohol, n (%) 14 (14.0%) 4 (8.7%) 10 (18.5%) 0.24 13 (14.1%) 4 (10.0%) 9 (17.3%) 0.37
Bacteremia, n (%) 10 (10.0%) 6 (13.0%) 4 (7.4%) 0.73 9 (12.7%) 5 (14.7%) 4 (10.8%) 0.73

SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment, ICU intensive care unit, COPD chronic
obstructive pulmonary disease, IDSA Infectious Disease Society of America, ATS American Thoracic Society

100

Macrolides Quinolones

ICU Mortality

80

p=0.04 p=0.03

46,3 46,2

40

60
%

26,1 25

20

0
ICU/MV Severe CAP Severe Sepsis and Septic shock

12/46 25/54 24/5210/40

n=100 n=92

Fig. 1 Intensive care unit mortality among IDSA/ATS guideline-
adherent patients according to the treatment in combination with a
macrolide or a quinolone
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Discussion

This analysis of a large cohort, prospective, multicenter
research study of critically ill patients requiring
mechanical ventilation for severe CAP confirms that
treatment with macrolide in combination therapy
according to the 2007 IDSA/ATS guidelines improves
survival when compared to fluoroquinolones. Moreover,
the protective effect of macrolide therapy was more
pronounced when the more severe end of the spectrum of
CAP patients was selected. Another important finding was
the low adherence to the 2007 IDSA/ATS guidelines in
severely ill patients with CAP in the ICU setting. More-
over no differences in mortality rates were found;
however, this was in accordance with other studies [17].

For the majority of patients with CAP who are hos-
pitalized and not severely ill, fluoroquinolone
monotherapy remains an approved, tested and reliable
option [18, 19]. The 2007 IDSA/ATS guidelines showed
that, in patients admitted to the ICU, fluoroquinolones
represented a better option with a strong recommendation
[5], even though recently a potential benefit associated
with the use of macrolides in combination has been
suggested. Despite the benefit showed by macrolides
when administered in combination [4, 20–22], this is the
first study that evaluates the survival when considering
either macrolides or quinolones in accordance with the
2007 IDSA/ATS guidelines. In the subset of more
severely ill patients, it has been published that macrolide
represents a better choice. Restrepo et al. [6] reported that
the use of macrolides in combination therapy improved
outcomes in patients with severe sepsis due to CAP.
Moreover, in a large cohort of patients affected with CAP,
Tessmer et al. [23] showed a superior effect of b-lactam
therapy plus a macrolide in patients in the risk classes

with high confusion, respiratory rate, blood pressure and
age over 65 years (CRB-65).

Combining antibiotics that act by different mecha-
nisms may achieve synergistic killing, and expand the
antimicrobial spectrum, but macrolides when given in
combination achieve an antiinflammatory effect in
patients with CAP that exceeds just their antibacterial
effect [24]. On the other hand, combination therapies may
increase costs and toxicities, although macrolides have
been used since their discovery in the 1950s with very
rare complications and low cost, with the potential benefit
supported by many studies in terms of survival.

In addition to their antiinfective properties, macrolides
possess immunomodulatory effects by inhibiting neutro-
phil oxidation bursts, decreasing elastase activity,
suppressing granulocyte macrophage-colony simulating
factor, and reducing or blocking the production of many
proinflammatory cytokines, such as interleukin (IL)-1,
IL-6, IL-8 and tumor necrosis factor-alpha (TNF-a) [25],
perhaps by suppressing the transcription factor nuclear
factor-jB or activator protein-1. Moreover, favorable
pharmacokinetics and pharmacodynamics, high concen-
trations at sites of infections and additional properties of
macrolides may enhance their efficacy [26].

Interestingly, new strategies for reducing mortality
have been developed over the last years with controversial
results, including the use of glucocorticoid or other anti-
inflammatory agents [27]. However, the benefits for the
more aggressive forms of CAP are consistent, and higher
when a macrolide is given with another atypical agent
than if the other atypical agent is given alone, suggesting
a non-antibacterial benefit that is cheaper and has fewer
secondary effects.

This study has several strengths. Data were generated
from a multi-institutional study and represent an inter-
esting sampling from different European ICUs. Our study
enrolled patients prospectively and represents a homo-
geneous population from critical care and mechanically
ventilated patients. In addition, our study differs signifi-
cantly from others because it emphasized the low
adherence to IDSA/ATS guidelines in European ICUs.
The original approach to our study was to confirm the best
regimen in patients who were under guideline-adherent
treatment, showing the superiority of one regimen (mac-
rolides) over the other (quinolones). A table has been
added to emphasize differences among studies (Table 6)
[4, 6, 18–21, 28–31].

The present study has several potential limitations
that should be addressed. First, this is an observational,
non-interventional study. Prescription of antibiotics was
chosen in accordance with the protocol agreed by the
institution; however, the administration of either mac-
rolides or quinolones was comparable (46% vs. 54%).
Also the use of adjuvant therapies was left to the dis-
cretion of the attending physician and was not
standardized. Secondly, the pneumonia severity index
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(PSI) and/or confusion, urea, respiratory rate, blood
pressure and age over 65 years (CURB-65)/CRB-65
scores were not used in determining severity since these
tools have limitations in identifying all patients with
severe CAP who require ICU admission [32]. The PSI
fairly correlates with a person’s subsequent risk for
either severe sepsis or septic shock from CAP [33]. The
2007 ATS/IDSA CAP guidelines recognize the defi-
ciencies of PSI and other previously published criteria
for severe CAP, and suggest an alternative risk stratifi-
cation tool, although this too needs prospective
validation [34]. Clinicians must understand the limita-
tions of the PSI and recognize that other factors are at
play when deciding who requires ICU admission for
CAP. Thirdly, although the sample size was relatively
small, mortality differences were very important, and the
study power was around 95%. Finally, dosing was
considered in agreement with the 2007 IDSA/ATS
guidelines to define the appropriateness of empirical
treatment. It is crucial to note that underdosing is a
common problem in patients with severe sepsis,
mechanical ventilation with a high volume of distribu-
tion and low albuminemia, and represents an important
challenge in managing critically ill patients [35–37].

In conclusion, this study suggests that macrolides used
in accordance with the 2007 IDSA/ATS guidelines may
improve survival when compared with fluoroquinolones.
Whereas a randomized controlled trial (RCT) would be
preferable, only a minority of patients with a PSI above
90 are enrolled in RCTs [38], making it unlikely to have
this study available in the future.
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Berlin, Germany), Jan DeWaele (Ghent University Hos-
pital, Ghent, Belgium), Emili Diaz (Joan XIII University
Hospital, Tarragona, Catalonia), George Dimopoulos
(Attikon University Hospital and Sotiria Hospital, Athens,
Greece), Silvano Gardellino (Cardinal Massaia Hospital,
Asti, Italy), Jose Garnacho-Montero (Virgen de Rocio
University Hospital, Seville, Spain), Mustafa Guven

Table 6 Published studies assessing combination therapy and macrolide administration in combination in adult patients hospitalized with
CAP

First author Cohort Site Outcome Country Study design

Gleason [29] Elderly patients (C65 years)
with CAP

Ward Lower 30-day mortality with
b-lactam plus macrolide

USA Multicentre retrospective

Waterer [22] Pneumococcal bacteremia Ward Lower hospital mortality with
combination

USA Multicentre retrospective

Brown [28] CAP Ward Lower 30-day mortality with
b-lactam plus macrolide

USA Multicentre retrospective

Martinez [21] Pneumococcal bacteremia Ward Lower in-hospital mortality with
b-lactam plus macrolide

Spain Monocentre retrospective

Baddour [20] Pneumococcal bacteremia Ward and
ICU

Lower 14-day mortality with
combination

International Multicentre prospective

Rodriguez [4] CAP ICU Lower 28-day mortality with
combination

Spain Multicentre prospective

Mortensen [31] CAP Ward and
ICU

Lower 30-day mortality with b-
lactam plus other than FQ

USA Multicentre retrospective

Metersky [30] Pneumococcal bacteremia Ward Lower 30-day mortality
with b-lactam plus
macrolide

USA Multicentre retrospective

Restrepo [6] Severe sepsis pneumonia Ward and
ICU

Lower 30- and 90-day mortality
with combination plus macrolide

USA Multicentre retrospective

Tessmer [23] CAP Ward Lower 14- and 30-day mortality
with b-lactam plus macrolide

Germany Multicentre prospective

Martı́n-Loeches Intubated CAP ICU Lower ICU mortality IDSA/ATS
combination with macrolide

Europe Multicentre prospective
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Krueger (Tuebingen University Hospital, Tuebingen,
Germany and Constance Hospital, Constance, Germany),
Thiago Lisboa (Joan XIII University Hospital, Tarragona,
Catalonia and CIBER Enfermedades Respiratorias),
(Antonio Macor, Amedeo di Savoia Hospital, Torino,
Italy), Emilpaolo Manno (Maria Vittoria Hospital, Torino,
Italy), R. Mañez (Bellvitge University Hospital, Barce-
lona, Catalonia), Brian Marsh (Mater Misericordiae
University Hospital, Dublin, Ireland), Claude Martin
(Nord University Hospital, Marseille, France), Ignacio

Martin-Loeches (Mater Misericordiae University Hospi-
tal, Dublin, Ireland), Pavlos Myrianthefs (KAT Hospital,
Athens, Greece), M. Nawynck (St Jan Hospital, Brugges,
Belgium), Laurent Papazian (Sainte Marguerite Univer-
sity Hospital, Marseille, France), Christian Putensen
(Bonn University Hospital, Bonn, Germany), Bernard
Regnier (Claude Bernard University Hospital, Paris,
France), Jordi Rello (Joan XIII University Hospital, Tar-
ragona, Catalonia), Jordi Sole-Violan (Dr. Negrin
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