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              Macrolides are antibiotics widely used to treat respi-
ratory infections. Current North American and 

European guidelines recommend their use in hospi-
talized patients with community-acquired pneumo-
nia (CAP).  1,2   In addition to their action against atypical 
microorganisms, a large variety of immunomodula-
tory effects have been related to macrolide use.  3   Vari-
ous studies have shown that macrolides may infl uence 
leukocyte function, cytokine expression, apoptosis, and 
mucus production.  4,5   In clinical practice, observational 
studies have shown benefi cial effects of macrolide 
treatment in patients with bacteremic pneumococcal 
pneumonia,  6-8   in patients hospitalized for CAP and 

severe CAP,  9-11   and for infection due to a macrolide-
resistant pathogen.  9,11   

  Pseudomonas aeruginosa  is a macrolide-resistant 
pathogen associated with poor clinical outcomes in 
CAP. Although it is a rare pathogen in CAP,  12   its pres-
ence is associated with higher morbidity and mor-
tality.  13,14   Some authors demonstrated that macrolides 
may reduce adherence, inhibit mobility, and decrease 
biofi lm formation,  3   which are all virulence factors of 
 P aeruginosa . Several studies have shown a benefi t of 
macrolide use in bronchiectasis,  15   cystic fi brosis,  16   
COPD,  17   and diffuse panbronchiolitis.  18   However, no 
data are available regarding the impact of macrolide 
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admission, and (4) patient received at least one dose of antibiotics 
within 48 h of admission. 

 To restrict the study to patients with CAP, patients who met 
one documented risk factor for health-care-associated pneumo-
nia (HCAP) or were receiving immunosuppression were excluded. 
HCAP risk factors were defi ned as hospital admission in the 
previous 90 days, residence in a nursing home in the previous 
90 days, receipt of outpatient IV antibiotics in the past 90 days, 
and hemodialysis. Immunosuppression was defi ned as presence 
of HIV, solid organ transplant, bone marrow transplant, and hema-
tologic malignancy or reviving chemotherapy within 90 days of 
admission. The rationale for excluding patients with HCAP was to 
attempt to avoid bias with the a priori presumption of (1) higher 
mortality among patients with HCAP, (2) unclear need for atypical 
coverage among patients with HCAP, and (3) recommended use 
of anti- Pseudomonas  coverage among all patients with HCAP 
compared with patients with CAP. 

 Baseline Characteristics 

 Baseline demographics were recorded at the time of admis-
sion, and comorbid illnesses were determined by ICD-9-CM 
codes from outpatient and inpatient care in accordance with the 
Charlson comorbidity scoring system as both an individual and 
a composite score  .  19   Patient race was recorded as white or black. 
Tobacco use was defi ned as nicotine dependence, a recorded visit 
to a VHA tobacco cessation clinic, a Current Procedural Termi-
nology treatment code for smoking (99406, 99407), or an outpa-
tient prescription for a smoking cessation product (buproprion, 
varenicline, nicotine inhalation system, nicotine replacement). 
Medication use in the 90 days before admission was documented 
for cardiovascular medications, diabetes medications, systemic 
corticosteroids (oral and injectable), pulmonary medications, and 
antibiotics. 

 Antibiotic Therapy 

 Antibiotic therapy received within the fi rst 48 h of admission 
was evaluated. Macrolide therapy was defi ned if the patient received 
azithromycin, clarithromycin, or erythromycin. Antipseudomonal 
antibiotics included  b -lactams (ceftazidime, cefepime, piperacillin, 
meropenem, imipenem), quinolones (ciprofl oxacin, levofl oxacin), 
aminoglycosides (gentamicin, amikacin, tobramycin), and monobac-
tam (aztreonam). 

 Outcomes 

 Primary outcome was 30-day mortality. Secondary outcomes 
were ICU admission, use of invasive mechanical ventilation, use 
of vasopressors, and hospital length of stay (LOS). We chose to 
examine mortality at 30 days because previous research has dem-
onstrated that 30-day mortality is primarily due to pneumonia 
rather than to comorbid conditions.  20   Mortality was assessed 
through October 1, 2007, using the VA vital status fi le. Previous 
studies demonstrated that this methodology has a sensitivity of 
98% for veterans’ death.  21   LOS was calculated as the date of dis-
charge minus the date of admission. 

 Statistical Analysis 

 For the statistical analyses, patients were stratifi ed according to 
macrolide administration. Bivariate statistics were used to test the 
associations of demographics and clinical characteristics between 
both groups. Categorical variables were analyzed by  x  2  test, and 
continuous variables were analyzed by Student  t  test. We defi ned 
statistical signifi cance as a two-tailed  P   ,  .05. We performed a 
multivariable analysis by Cox proportional hazard model, with 
30-day mortality as the dependent variable. Potential confounders 

therapy in clinical outcomes in patients hospitalized 
for  P aeruginosa  CAP. 

 The aim of the present study, therefore, was to 
assess the effect of macrolide therapy on mortality in 
patients with CAP due to  P aeruginosa.  We hypothe-
sized that treatment with macrolides would increase 
survival in hospitalized patients with  Pseudomonas  
CAP. 

 Materials and Methods 

 We conducted a population-based cohort study using the admin-
istrative databases of the Department of Veterans Affairs (VA). 
The VA databases are repositories of clinical data from  .  150 Vet-
erans Health Administration (VHA) hospitals and 850 VHA clinics. 
The Institutional Review Board   (number HSC20070783H) of 
The University of Texas Health Science Center at San Antonio 
and the South Texas Veterans Health Care System Research and 
Development Committee approved this study. 

 Patient Eligibility 

 We identifi ed all patients admitted to one of the study hos-
pitals between fi scal years 2002 and 2007 (October 1, 2001, to 
September 30, 2007) with a primary discharge diagnosis of pneu-
monia ( International Classifi cation of Diseases, Ninth Edition, 
Clinical Modifi cation  [ICD-9-CM], codes 480.0-483.99 or 485-487) 
or a secondary discharge diagnosis of pneumonia with a primary 
diagnosis of respiratory failure (518.81) or sepsis (038.xx). Eligible 
patients met the following inclusion criteria: (1)  P aeruginosa  was 
identifi ed as the causative pathogen based on ICD-9-CM dis-
charge diagnosis codes (482.1), (2) age was  �  65 years on admis-
sion, (3) patient had at least 1 year of VA outpatient care before 
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(hazard ratio, 2.13; 95% CI, 1.31-3.49;  P   5  .002). How-
ever, macrolide antibiotic use was not independently 
associated with 30-day mortality (hazard ratio, 1.14; 
95% CI, 0.70-1.83;  P   5  .5) ( Fig 2 ).  

 Subgroup Analyses 

 To assess the infl uence of severity of illness on 
baseline characteristics and outcomes, we performed 
an additional analysis stratifi ed by ICU admission 
(n  5  136) and no ICU admission (n  5  266). No dif-
ferences were found among baseline characteristics 
between groups, except that patients admitted to the 
ICU who received macrolide therapy had a higher 
rate of COPD (68.9% vs 48.0%, respectively) ( Table 3 ).  
In addition, no differences in outcomes evaluated 
were found among groups with respect to the site 
of care ( Table 3 ). 

 Discussion 

 In this study, the use of macrolides in the fi rst 48 h 
of hospital admission for CAP due to  P aeruginosa  was 
not associated with better clinical outcomes, includ-
ing 30-day mortality. To our knowledge, this study is 
the fi rst to evaluate the impact of macrolide therapy 
on mortality in a cohort of patients with  P aeruginosa  
CAP. 

 The impact of macrolides on clinical outcomes in 
CAP is a matter for debate. Several observational stud-
ies have shown lower mortality rates for patients with 
bacteremic pneumococcal pneumonia  6-8   and severe 
CAP.  9-11   In a retrospective cohort study, Restrepo et al  11   
found a survival benefit of macrolide therapy in 
30- and 90-day mortality rates for patients with sepsis 
after pneumonia. This effect was observed even in 
patients with macrolide-resistant pathogens. Similarly, 
Metersky et al  9   carried out a retrospective analysis 
of bacteremic CAP of all etiologies and found lower 
mortality in patients treated with macrolides, even in 
infections caused by gram-negative pathogens, sug-
gesting the presence of an immunomodulatory effect 

were included in the multivariable analyses if  P   ,  0.1 and a priori 
selection based on Charlson comorbidity score  . A secondary analysis 
was performed, including only patients admitted or not admitted 
to the ICU. All analyses were performed with SPSS, version 19.0 
for Windows (IBM) statistical software. 

 Results 

 A total of 781 patients with  P aeruginosa  pneumonia 
were identifi ed ( Fig 1 ).  Of these, 379 were excluded 
for HCAP (n  5  326), immunosuppression (n  5  25), 
or both (n  5  28). The cohort included 402 patients 
with  P aeruginosa  CAP, of whom 42.5% (n  5  171) 
received a macrolide during the fi rst 48 h of admis-
sion and 57.5% (n  5  231) did not receive macrolide 
therapy. 

 Patient Characteristics 

  Table 1   shows the characteristics of the subjects 
grouped by whether they received macrolide therapy. 
Patients who received macrolides were more likely to 
be older and white. No statistically signifi cant differ-
ences were found in sex, marital status, drug abuse, 
prior prescribed medication use, preexisting comorbid 
conditions, or laboratory data between groups ( Table 1 ). 
No signifi cant differences were found in antibiotic 
coverage against  P aeruginosa  in the fi rst 48 h of admis-
sion or in the various categories of antipseudomonal 
antibiotics. 

 Clinical Outcomes 

 In the univariate analyses, patients with  P aerugi-
nosa  CAP who received macrolides had no differences 
in 30-day mortality compared with patients who did 
not receive macrolides ( Table 2 ).  In addition, no dif-
ferences were found between groups regarding ICU 
admission, need of mechanical ventilation, need of 
vasopressors, and LOS ( Table 2 ). In the Cox propor-
tional hazard analyses, after adjusting for Charlson 
comorbidity index score, the use of vasopressors was 
independently associated with higher 30-day mortality 

  Figure  1. Flow diagram   illustrating the subjects included in the study. CAP  5  community-acquired 
pneumonia; HCAP  5  health-care-associated pneumonia;  P. aeruginosa   5   Pseudomonas aeruginosa   .   
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ever, when the analysis was restricted to randomized 
controlled trials or to patients who received guide-
line-concordant antibiotics, this mortality benefi t dis-
appeared. In the present study, no differences in the 
30-day mortality were found between groups accord-
ing the use of macrolides in the fi rst 48 h of admission. 

 Various potential mechanisms have been described 
to explain the macrolide benefi t in CAP. One of these 
is that macrolides may treat unrecognized atypical 
pathogens.  26   Another is antibiotic synergy, but this 
effect is not probed with penicillins or cephalospo-
rins. In the present cohort, atypical pathogens were 
excluded, and  b -lactams (including penicillins and 
cephalosporins) were the most frequently used anti-
biotics. In addition, in most of the studies where mac-
rolide benefi t was observed, patients had severe or 
bacteremic CAP.  9,11   Although we performed a suba-
nalysis with only the patients admitted to the ICU, 
the cohort did not recognize severity of illness at 
admission or the presence or absence of bacteremia. 

in addition to the antimicrobial properties of mac-
rolides. However, other studies have not shown a 
benefi t of macrolides used in combination with other 
antibi otics.  22-24   In a meta-analysis, Asadi et al  25   showed 
that macrolide-based regimens were associated with 
lower mortality (22% reduction) compared with non-
macrolides in hospitalized patients with CAP. How-

 Table 2— Univariate Outcomes of Patients With  
P aeruginosa  CAP Who Received Initial Macrolide 

vs Nonmacrolide Therapy  

  Outcome
Nonmacrolide 

(n  5  231)
Macrolide 
(n  5  171)  P  Value  

  30-d mortality 38 (16.5) 32 (18.7) .5 
 Use of mechanical ventilation 64 (27.7) 49 (28.7) .8 
 Use of vasopressors 38 (16.5) 29 (17.0) .8 
 Need of ICU 75 (32.5) 61 (35.7) .5 
 Hospital LOS, d 20.3  �  33.1 18.9  �  23.5 .6  

  Data are presented as No. (%) or mean  �  SD. LOS  5  length of stay. 
See  Table 1  legend for expansion of other abbreviations.  

 Table 1— Demographics and Clinical Characteristics of Patients With  Pseudomonas aeruginosa  CAP (N  5  402) With 
or Without Initial Macrolide Therapy  

  Characteristic  Nonmacrolide (n  5  231) Macrolide (n  5  171)  P  Value  

  Age, y 76.1  �  6.5 77.4  �  6.1 .04 
 Male sex 227 (98.3) 171 (100) .1 
 Married 117 (50.6) 93 (54.4) .4 
 Race  
  White 186 (80.5) 152 (88.9) .02 
  Black 19 (8.2) 11 (6.4) .5 
 Smoker 89 (38.5) 69 (40.4) .7 
 Alcohol abuse 11 (4.8) 7 (4.1) .8 
 Comorbid conditions  
  Myocardial infarction 7 (3.0) 5 (2.9) .9 
  Chronic heart failure 35 (15.2) 34 (19.9) .2 
  Peripheral vascular disease 29 (12.6) 19 (11.1) .7 
  Cerebrovascular disease 35 (15.2) 21 (12.3) .4 
  Dementia 7 (3.0) 10 (5.8) .2 
  COPD 160 (69.3) 121 (70.8) .8 
  Rheumatologic disease 4 (1.7) 5 (2.9) .5 
  Peptic ulcer 5 (2.2) 3 (1.8) .9 
  Cirrhosis 2 (0.9) 3 (1.8) .6 
  Diabetes mellitus 50 (21.6) 34 (19.9) .7 
  Diabetes with complications 11 (4.8) 14 (8.2) .2 
  Hemiplegia or paraplegia 3 (1.3) 1 (0.6) .6 
  Chronic renal disease 3 (1.3) 4 (2.3) .4 
  Neoplastic disease 45 (19.5) 37 (21.6) .6 
  Metastatic disease 7 (3.0) 6 (3.5) .7 
 Charlson comorbidity index score 2.2  �  1.9 2.4  �  2.0 .2 
 Medication prescription within 90 d  
  Cardiovascular medications 2.2  �  1.2 2.1  �  1.1 .3 
  Antidiabetic medications 1.3  �  0.6 1.3  �  0.5 .8 
  Pulmonary medications 3.9  �  1.7 3.7  �  1.8 .4 
  P aeruginosa  antibiotic coverage 205 (88.7) 154 (90.1) .6 
 Category of antibiotics  
   b -Lactams 171 (74.0) 129 (75.4) .7 
  Aztreonam 10 (4.3) 7 (4.1) .9 
  Aminoglycosides 71 (30.7) 50 (29.2) .7 
  Fluoroquinolones 150 (64.9) 109 (63.7) .8  

  Data are presented as mean  �  SD or No. (%). CAP  5  community-acquired pneumonia.  
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 This study has several limitations. First, it was a ret-
rospective cohort study in a predominantly elderly 
male population and is subject to the inherent lim-
itations of all retrospective research. Second, the use 
of ICD-9-CM codes to identify patients with pneu-
monia, pathogens, and baseline characteristics has 
limitations. For example, it is not possible to correct 
for the heterogeneity of sample collection and the 
inability to differentiate between possible coloniza-
tion vs true  P aeruginosa  infection, particularly in 
patients with COPD  . However, most of the published 
 P aeruginosa  CAP studies are limited by single-center 
design and relatively small sample sizes.  13,29,30   The use 
of ICD-9-CM codes enabled us to obtain signifi cant 
amounts of information from a large national cohort 
of patients in a closed health system, which is a major 
strength of this study. The process of medical coding 
introduces opportunities for human error, but the 
use of ICD-9-CM codes for selecting patients with 
pneu monia has favorable positive and negative pre-
dictive values (85.5% and 97.2%, respectively), indi-
cating a relatively low likelihood of misclassifi cation.  31   
Third, this study lacked detailed information regarding 

All these arguments may explain, in part, why we did 
not fi nd differences between groups. 

  P aeruginosa  is a pathogen that produces many viru-
lence factors, including exotoxins, enzymes, and bio-
fi lm, that protect it from environmental elements, host 
antibodies, and phagocytes.  27   Although  P aeruginosa  
is not part of the antimicrobial spectrum of macrolides, 
data show that macrolides are potential inhibitors of 
its growth and may alter its virulence factors. Macrolides 
inhibit quorum sensing of  P aeruginosa  that allows 
creation of biofi lms and fi rm adherence to the air-
ways. In several studies of sepsis caused by multidrug-
resistant  P aeruginosa  in animal models, macrolides 
achieve a considerable benefi t of survival.  28   However, 
clinical evidence that macrolides may effectively affect 
acute clinical infection is not available. All studies 
suggesting clinical benefit of macrolides in other 
pathologies, such cystic fi brosis or panbronchiolitis, 
evaluated long-term treatment.  3   In the present study, 
we evaluated the impact of the initial therapy for CAP 
(in the fi rst 48 h of hospitalization) rather than of long-
term treatment with macrolides and found no differ-
ences in clinical outcomes. 

  Figure  2. Cox survival curves of patients with  P   aeruginosa  CAP treated with macrolides vs those not 
treated with macrolides (hazard ratio,1.14; 95% CI, 0.70-1.83;  P   5  .5). Cum  5  cumulative. See  Figure 1  
legend for expansion of other abbreviation.   
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