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Abstract Background: It remains
uncertain why immunocompetent
patients with bacterial community-
acquired pneumonia (CAP) die, in
spite of adequate antibiotics. Meth-
ods: This is a secondary analysis of
the CAPUCI database which was a
prospective observational multicentre
study. Two hundred and twelve
immunocompetent patients admitted
to 33 Spanish ICUs for CAP were
analyzed. Comparisons were made
for lifestyle risk factors, comorbidi-
ties and severity of illness. ICU
mortality was the principal outcome
variable. Results: Bacteremic CAP
(43.3 vs. 21.1%) and empyema (11.5
vs. 2.2%) were more frequent

(P < 0.05) in patients with Strepto-
coccus pneumoniae CAP. Higher
rates of adequate empiric therapy
(95.8 vs. 75.5%, P < 0.05) were
observed in patients with S. pneumo-
niae CAP. Patients with non-
pneumococcal CAP experienced
more shock (66.7 vs. 50.8%,

P < 0.05), and need for mechanical
ventilation (83.3 vs. 61.5%,

P < 0.05). ICU mortality was 20.7
and 28% [OR 1.49(0.74-2.98)]
among immunocompetent patients
with S. pneumoniae (n = 122) and
non-pneumococci (n = 90), in spite
of initial adequate antibiotic. Multi-
variable regression analysis in these
184 immunocompetent patients with
adequate empirical antibiotic treat-
ment identified the following
variables as independently associated
with mortality: shock (HR 13.03);
acute renal failure (HR 4.79), and
APACHE 1I score higher than 24 (HR
2.22). Conclusions: Mortality
remains unacceptably high in immu-
nocompetent patients admitted to the
ICU with bacterial pneumonia,
despite adequate initial antibiotics
and comorbidities management.
Patients with shock, acute renal fail-
ure and APACHE II score higher than
24 should be considered for inclusion
in trials of adjunctive therapy in order
to improve CAP survival.
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Introduction

Community-acquired pneumonia (CAP) is an important
cause of morbidity, mortality, and increased health care
costs [1, 2]. CAPis considered as severe when admission to
the intensive care unit (ICU) is necessary. This may be
indicated because of severe respiratory distress, sepsis or
septic shock, and occurs in about 9-16% of hospitalized
CAP patients [3, 4]. In patients with severe CAP mortality
rates range from 23 to 50% according to the presence of
shock, accuracy of processes of care, need for mechanical
ventilation, and type of underlying disease [1, 5-9]. Prompt
initiation of appropriate antibiotic therapy prior to the
availability of culture results is recommended as it poten-
tially benefits patients’ prognosis [8, 10, 11]. In the
CAPUCI cohort, our group described significantly better
survival rates and lower period of mechanical ventilation
requirements when empiric antibiotic regimen was in
accordance with the 2003 guidelines of the Infectious
Diseases Society of America [12]. These recommendations
were based on etiology, associated susceptibility, and data
regarding specific risk factors such as underlying disease.

In adults, Streptococcus pneumoniae is by far the most
common pathogen in CAP and empiric therapy should
always cover this microorganism. Yet, few data are
available about why immunocompetent patients still die
in spite of adequate antibiotic agents and comorbidities
management.

The primary aim of this study was set to estimate
mortality in ICU patients admitted by documented bac-
terial pneumonia who received appropriate antibiotic
therapy from hospital admission. A secondary objective
was to provide understanding of factors that can be used
to predict outcomes in immunocompetent patients with
bacterial CAP requiring ICU admission and receiving
appropriate antibiotic therapy. In addition, we evaluated
possible effects of etiology on outcomes, independently
of antibiotic adequacy. We hypothesized that further
improvements in survival may require characterization of
a subgroup of patients which may benefit from adjuvant
therapy, as antibiotic treatment alone is not enough to
improve survival in CAP patients admitted to ICU.

Materials and methods

Data were collected from all patients admitted for CAP to
the ICU of 33 participating hospitals in Spain (1
December 2000 to 28 February 2002). One investigator at
each hospital prospectively recorded variables in a pre-
viously designed database. The study was approved by the
institutional research board and informed consent was
waived by the ethics committee because of the observa-
tional nature of the study.

Study design

This study is a secondary analysis based on a database
used to explore the impact of compliance with IDSA
guidelines on survival. Therefore, details on setup of this
observational study can be found elsewhere [12].
Immunocompromised patients were excluded for
analysis (Fig. 1). Cases presumed to be caused by non-
aureus Staphylococci or enterococci were considered
contaminants and classified as unknown. Cases with non-
bacterial pneumonia (virus, tuberculosis) were excluded.
The study cohort was divided in two groups according
to the causative etiology: S. pneumoniae versus non-
pneumococci. A sub-analysis was performed considering
only patients with adequate initial antibiotic treatment.
Finally, an additional (intent-to-treat) analysis was also
performed including patients with unknown etiology.
Relationships between etiology and outcomes were
assessed using univariate and multivariable analysis.

Variables

Relationships with mortality were evaluated for the fol-
lowing variables: age, gender, life style risk factors, pre-
existing comorbidities (alcoholism, active tobacco use,
chronic obstructive pulmonary disease (COPD), cardio-
vascular disease, diabetes mellitus, and neurologic
illness). Disease severity as assessed by the acute physi-
ology and chronic health evaluation (APACHE) II score
based on the first 24 h of ICU observation, the develop-
ment of shock and acute renal failure, rapid radiographic
spread of pulmonary infiltrates, ICU mortality, duration of
mechanical ventilation and ICU stay. For the latter two
variables only data from ICU survivors were considered.

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, long-term care facility, or
nursing home.

Community-acquired pneumonia was considered
severe when it required ICU admission. Patients were
admitted to the ICU either because they were potential
candidates for mechanical ventilation or because they
were judged to be in an unstable condition requiring
intensive medical or nursing care [13, 14].

Patients with HIV infection, neoplasia, those taking
cytotoxic drugs or long-term oral steroid therapy, such as
daily dose of >20 mg of prednisolone or the equivalent for



432

>2 weeks were considered immunocompromised [8] and
excluded.

Appropriate therapy was defined as the use of the at
least one antibiotic to which all isolates were susceptible
in vitro or (for Legionella pneumophila) was expected to
be susceptible [8].

Definitions of lifestyle risk factors and comorbidities
are defined elsewhere [12]. Specifically, shock was
defined as the need for vasopressors for >4 h after ade-
quate fluid replacement. Therapy of shock was consistent
with available guidelines [15, 16] when the study was
conducted. Acute renal failure was defined as an urine
output of <20 mL/h or a total urine output of <80 mL in
4 h. Management of acute renal failure was in accordance
with general guidelines and these patients received con-
tinuous  veno-venous hemodialysis  hemofiltration
(CVVHD) techniques. All these variables were searched
within the first 24 h of ICU admission. Other definitions
of variables detailed in tables are provided as electronic
supplemental material (ESM). ICU mortality was the
principal outcome variable.

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 Chi-square test or
Fisher exact test and the Mann—Whitney U test or Krus-
kal-Wallis test were 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. Patients were classified in quar-
tiles, based on APACHE II score at ICU admission.
Results are presented as hazards ratios (HR) and 95%
confidence intervals (CI). Logistic regression analysis
was used to evaluate the variables independently asso-
ciated with ICU length of stay (LOS). Results are
presented as Odds Ratio (OR) and 95% confidence
intervals (CI). In order to avoid spurious associations,
variables entered in the regression models were those
with a relationship in univariate analysis (P < 0.05) or
a plausible relationship with the dependent variable.
Potential explanatory variables were checked for col-
linearity prior to inclusion in the regression models
using Tolerance and Variance Inflation Factor. Data
analysis was performed using SPSS for Windows 12.0.0
(SPSS, Chicago, IL, US).

Fig. 1 Flow-chart of patients
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Results

The CAPUCI database included 529 patients with severe
CAP. Seventy (13.2%) patients were excluded because
they were immunocompromised. In these patients ICU
mortality rate was 25.3%. Among 459 immunocompetent
patients, 5 (1.0%) patients with tuberculosis and 9 (1.9%)
patients with fungal or viral agents were excluded. As
detailed in Fig. 1, 212 immunocompetent patients with
documented microorganism were analyzed. Causative
microorganisms are listed in Table 1. There were 122
patients with S. pneumoniae CAP and 90 patients with
non-pneumococcal CAP. Legionella  pneumophila
(n = 20), Haemophilus influenzae (n = 19), Staphylo-
coccus aureus (n = 15; three methicillin-resistant) and
Pseudomonas aeruginosa (n = 16) accounted for 77.7%
of non-pneumococcal isolates.

Diagnostic examinations performed are shown in
electronic supplemental material (ESM, Table A). Patient
characteristics for S.pneumoniae and non-pneumococcal
CAP are summarized in Table 2. The mean age of
patients was 61.8 years and 63.2% (n = 134) were
>60 year old. There were no differences in age, gender,
and comorbidities between the groups. Pneumococcal
CAP was more often associated with bacteremia and
empyema. A higher rate of appropriate empiric antibiotic
therapy was found (95.8 vs. 75.5%, P < 0.05) among
patients with pneumococcal CAP. Patients with non-
pneumococcal CAP experienced more shock, bilateral
infiltrates on chest X-ray, acute renal failure, and had a
higher need for mechanical ventilatory support (Table 2).
Most patients with P. aeruginosa isolates were COPD
(n = 14; 87.5%) or have active tobacco uses (n = 6;
37.5%).

After excluding patients with inappropriate initial
antibiotic agents (n = 28), mortality remained high (28

vs. 20.7%), with a trend to worse outcome (OR for death
1.49; 95%CI, 0.74-2.98) in patients with non-pneumo-
coccal CAP. Duration of mechanical ventilation was
similar in both groups, but ICU stay remained signifi-
cantly longer in non-pneumococcal CAP (Table 2).

Characteristics of these 184 immunocompetent
patients with etiological diagnosis and adequate empirical
antibiotic treatment are shown in Table 3. APACHE II
score, bacteremic CAP, shock, bilateral infiltrates, need of
mechanical ventilation and acute renal failure were vari-
ables associated with ICU mortality in univariate analysis
and were included in a multivariable model. When
patients were stratified according to APACHE II score
quartiles, we found significant differences in risk factors
between patients with a cutoff on the higher quartile
(Table 4). We performed a Cox hazard proportional
analysis including these variables in the model and found,
as detailed in Table 5, that Shock (HR 9.25), acute renal
failure (HR 3.38), and APACHE 1I score higher than 24
(HR 2.11) at ICU admission remained independently
associated with mortality. Inclusion of etiology (pneu-
mococcal or non-pneumococcal pneumonia), combination
antibiotic therapy or delay to first antibiotic dose longer
than 4 h did not affect this model.

An “intent-to-treat” analysis was performed, includ-
ing 233 additional patients with unknown organisms
(Table 6). This was done on the basis that microbiologic
confirmation is extremely uncommon at ICU admission.
There are no differences in the mortality rate (censored at
28 days) between patients with bacterial and unknown
etiology (Fig. 2). We performed a Cox hazard regression
analysis including significantly variables in the model
(Table 6) and the following variables were independently
identified as associated with ICU death: APACHE II score
>24 (HR, 2.51; 95%CI 1.65-3.82; P < 0.001), shock
(HR, 2.79; 95%CI 1.42-5.47; P = 0.003) and acute renal

Table 1 Etiology of community-acquired pneumonia in 445 immunocompetent ICU patients

Microorganism n (%) Adequate antibiotic Fatal episodes
therapy (n, %) (n, %)

Streptococcus pneumoniae® 122 (27.4) 116 (95.1) 27 (22.1)
Non-pneumococci® 90 (20.2) 68 (75.5) 29 (32.2)
Legionella pneumophila 20 (4.4) 17 (85.0) 3(3.3)
Haemophilus influenzae 19 (4.3) 18 (94.8) 1(1.D
Pseudomonas aeruginosa 16 (3.5) 6 (37.5) 8 (8.9)
Methicillin sensitive S. aureus 15 (3.3) 14 (93.3) 7(7.9)
Klebsiella pneumoniae 4 (0.8) 3 (75.0) 2(22)
Escherichia coli 3 (0.6) 2 (66.6) 2 (2.2)
Enterobacter spp. 3 (0.6) 1(33.3) 0 (0.0)
Methicillin-resistant S. aureus 3 (0.6) 0 (0.0) 2 (2.2)
Proteus mirabilis 2 (0.4) 1 (50.0) 1(1.1)
Eikenella corrodens 1(0.2) 1(100) 1(1.D
Moraxella sp. 1(0.2) 1 (100) 0 (0.0)
Other 13 (2.9) 4 (30.7) 2 (2.2)
Unknown etiology 233 (52.4) - 59 (25.3)

* Four episodes were polymicrobial
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Table 2 General characteristics of 212 patients with severe community-acquired pneumonia distributed according to the causative

etiology
Pneumococcal CAP Non-pneumococcal CAP P value
(n=122) (n =90)
General characteristics
Age (years) 62.3 (16.2) 61.1 (15.3) 0.58
Male gender 95 (77.9) 63 (70.0) 0.25
Comorbidities
Alcoholism 35 (28.7) 31 (34.4) 0.45
Tobacco use 52 (42.6) 41 (45.6) 0.77
Obesity 19 (15.6) 19 (21.1) 0.39
Intravenous drug abuse 2 (1.6) 1(1.D) 0.80
Chronic obstructive pulmonary disease 54 (44.3) 37 (41.1) 0.75
Cardiovascular disease 31 (25.4) 33 (36.7) 0.10
Type II diabetes mellitus 27 (22.1) 23 (25.6) 0.67
Neurological illness 9(7.4) 6 (6.7) 0.94
Infection related matters
Recent antibiotic exposure 16 (13.1) 21 (23.3) 0.07
Bacteremic CAP 53 (43.4) 19 (21.1) 0.004
Empyema 14 (11.5) 2 (22) 0.02
Positive BAS culture 48/70 (68.6) 47/68 (69.1) 0.90
Positive BAL culture 8/20 (40.0) 9/22 (40.9) 0.80
Positive PSB culture 3/9 (33.3) 4/10 (40.0) 0.86
Positive pleural fluid culture 7127 (25.9) 3/11 (27.3) 0.75
Positive urine antigen test 48/102 (47.0) 20/82 (24.4) 0.003
Positive serology 6/67 (8.9) 13/58 (22.4) 0.06
Management
Adequate empiric antibiotic therapy 116 (95.8) 68 (75.5) 0.001
Delay to first antibiotic dose (h) 5.8 (8.8) 7.9 (12.1) 0.14
Disease severity
APACHE 1I score 19.7 (7.6) 20.7 (7.1) 0.33
Shock 62 (50.8) 60 (66.7) 0.03
Bilateral infiltrates 59 (48.4) 49 (54.4) 0.46
Acute renal failure 43 (35.2) 38 (42.2) 0.37
Need for mechanical ventilation 75 (61.5) 75 (83.3) 0.001
Outcomes
ICU stay (days)” 16.8 (18.4) 22.0 (19.2) 0.04
Length of mechanical ventilation (days)® 9.6 (14.9) 12.4 (13.8) 0.24
Death (all causes) 27 (22.1) 29 (32.2) 0.13

Variables are described as n (%) or mean (standard deviation)
* In survivors

BAS, tracheal aspirateBAL bronchoalveolar lavage, PSB protected-specimen-brush

failure (HR, 2.99; 95%CI 1.82—4.92; P < 0.001). When
excluding patients that died within the first 48 h of ICU
admission, the model did not significantly change (data no
shown).

Finally, ICU length of stay (LOS) for survivors has
been classified in four quartiles (see ESM, Table B).
Factors significantly associated with ICU LOS in the
last quartile (>18 days) in univariate analysis were:
higher APACHE 1I score, shock, bilateral infiltrates,
acute renal failure, and need of mechanical ventilation
(Table 7). When these variables were included in a
multivariable analysis (logistic regression), only need of
mechanical ventilation (OR = 19.41; 95%CI 8.23-
45.78; P < 0.001) and APACHE 1I score higher than
24 (OR = 1.79; 95%CI 1.04-3.06; P = 0.03) were
variables independently associated with ICU LOS in the
last quartile.

Discussion

An outstanding finding of this study is that it confirms that
mortality exceeds 20% in immunocompetent patients
admitted to the ICU by CAP with adequate therapy,
suggesting that antibiotics alone are not enough. Indeed,
some reports suggested the use of activated C-protein,
steroids or other agents [17-21] as adjuvant therapy to
improve survival. Unfortunately, it remains unknown
whether specific conditions can be used to identify
patients with potential benefit [20]. Our findings suggest
that variables remaining independently associated with
mortality in patients with an appropriate antibiotic ther-
apy were shock, acute renal failure, and an APACHE II
score higher than 24.

The natural course of CAP is determined by host
factors as well as by the causative pathogen [20]. In many
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Table 3 Characteristics of 184 immunocompetent patients with
etiological diagnosis and adequate empirical antibiotic treatment

Variables Survivors Dead P
(n=141) (n=43) value
APACHE 1I score 18.2 (7.0) 25.7 (5.8) 0.001
Age (years) 60.1 (16.6) 64.3 (14.2) 0.13
Recent antibiotic exposure 28 (19.9) 1(2.3) 0.01
Delay first antibiotic dose (h) 6.4 (9.7) 5.6 (8.5) 0.62
Comorbidities
COPD 56 (39.7) 20 (46.5) 0.53
Cardiovascular disease 36 (25.5) 16 (37.2) 0.19
Type II diabetes mellitus 36 (25.5) 8 (18.6) 0.46
Neurological illness 7 (5.0) 6 (14.0) 0.09
Alcoholism 41 (29.1) 16 (37.2) 041
Tobacco use 59 (41.8) 21 (48.8) 0.52
Complications
Shock 59 (41.8) 42 (97.7) 0.001
Bilateral infiltrates 56 (39.7) 35 (81.4) 0.001
Acute renal failure 30 (21.3) 37 (86.0) 0.001
Need of mechanical 83 (58.9) 43 (100.0) 0.001
ventilation
Bacteremic CAP 39 (27.7) 24 (55.8) 0.001
Empyema 13 (9.2) 3(7.0) 0.88

Variables are described as n (%) or mean (standard deviation)
COPD chronic obstructive pulmonary disease

Table 4 Characteristics of 184 immunocompetent patients with
etiological diagnosis and adequate empirical antibiotic treatment
according to APACHE II levels

Variables APACHE APACHE P value
II score <24 1II score >24
(n = 141) (n = 43)
Age (years) 59.3 (16.7)  66.8 (12.3)  0.007
Recent antibiotic exposure 26 (18.4) 3 (7.0) 0.09
Comorbidities
COPD 47 (33.3) 29 (67.4) 0.001
Cardiovascular disease 34 (24.1) 18 (41.9) 0.03
Type II diabetes mellitus 31 (22.0) 13 (30.2) 0.31
Neurological illness 8 (5.7) 5(11.6) 0.19
Alcoholism 42 (29.8) 15(34.9) 0.58
Tobacco use 61 (43.3) 20 (46.5) 0.86
Complications
Shock 68 (48.2) 33 (76.7)  0.002
Bilateral infiltrates 64 (45.4) 27 (62.8) 0.06
Acute renal failure 35 (24.8) 32 (74.4) 0.001
Need of mechanical 87 (61.7) 39 (90.7)  0.001
ventilation
Bacteremic CAP 43 (30.5) 20 (46.5) 0.10
Empyema 14 (9.9) 2.4.7) 0.37

Variables are described as n (%) or mean (standard deviation)

cases of severe CAP, the clinical picture continues to
deteriorate despite of an appropriate management of host
comorbidities and microorganism. Non-resolution places
an important emphasis on patient reassessment with the
clinician analyzing the history, examination, prescription
chart and investigation results, in order to narrow down
the cause of failure to improve. A number of questions

Table 5 Multivariate analysis (COX regression) of ICU mortality
in 184 immunocompetent patients with community-acquired
pneumonia and appropriate antibiotic therapy

Variables ICU mortality

HR (95%CI) P value
Shock 9.25 (1.21-70.63) 0.032
Acute renal failure 3.38 (1.31-8.74) 0.012
APACHE II score >24 2.11 (1.04-4.27) 0.038
Table 6 Characteristics of 445 immunocompetent patients

(patients with bacterial and unknown etiology) according to ICU
mortality

Variables Survival Dead P value
patients patients
(n = 330) (n=115)
Age (years) 59.8 (16.6) 67.2 (11.7) 0.001
APACHE 1I score 17.6 (6.6) 24.1 (6.5) 0.001
Recent antibiotic exposure 81 (24.5) 22 (19.1) 0.30
Comorbidities
COPD 129 (39.1) 56 (48.7) 0.09
Cardiovascular disease 95 (28.8) 44 (38.3) 0.07
Type II diabetes mellitus 78 (23.6) 27 (23.7)  0.92
Neurological illness 22 (6.7) 14 (12.2) 0.10
Alcoholism 79 (23.9) 36 (31.3) 0.23
Tobacco use 156 (47.3) 51 (44.3) 0.25
Complications
Shock 119 (36.1) 102 (88.7)  0.001
Bilateral infiltrates 123 (37.3) 79 (68.7)  0.001
Acute renal failure 56 (17.0) 86 (74.8)  0.001
Need of mechanical 178 (53.9) 109 (94.8) 0.001
ventilation
Bacteremic CAP 43 (13.0) 29 (25.2) 0.04
Empyema 24 (7.3) 3(2.6) 0.11

Variables are described as n (%) or mean (standard deviation)

will be asked by the clinician: is the therapy appropriate
[22, 23]? Is there a resistant organism or unusual patho-
gen present, further complicating the disease process
[24]? Are the host factors appropriately controlled [20]?
When all these elements are considered the clinician is
left at a therapeutic crossroad. Additional or alternative
antibiotics [25], higher dose of antimicrobials agents [26,
27], and more aggressive management of the host’s
comorbidities are all options which may improve the
patient’s condition. However, each has its long- and short-
term consequences which may or may not be favorable to
the patient or to the population.

A unique aspect of the current study was that we focus
in the subset of patients with documented bacterial
pneumonia and appropriate empiric antibiotic therapy.
Therefore, if the antimicrobial agent is appropriate and
comorbidities are controlled why does the patient’s con-
dition still deteriorate? In our cohort of ICU patients, 43
(23.4%) patients ultimately died, in spite of these condi-
tions. Etiology was not a factor associated with this
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Table 7 Characteristics of survivors’ patients according to the ICU
length of stay

UCI LOS UCI LOS P value

<18 days >18 days

(n = 241) (n=189)
Age (years) 59.2 (6.6) 61.4 (15.2) 0.12
APACHE 1I score 16.9 (6.8) 19.4 (5.7) 0.002
Comorbidities
COPD 96 (39.8) 33 (37.1) 0.74
Cardiovascular disease 73 (30.3) 22 (24.7) 0.39
Type II diabetes mellitus 58 (24.1) 20 (22.5) 0.87
Neurological illness 13 (5.4) 9 (10.1) 0.20
Alcoholism 52 (21.6) 27 (30.3) 0.13
Tobacco use 112 (46.5) 44 (49.4) 0.72
Complications
Shock 70 (29.0) 49 (55.1) <0.001
Bilateral infiltrates 73 (30.3) 50 (56.2) <0.001
Acute renal failure 34 (14.8) 22 (24.7) 0.03
Need of M. ventilation 95 (39.4) 83 (93.3) <0.001
Bacteremic CAP 28 (11.6) 15 (16.9) 0.28
Empyema 16 (6.6) 8 (9.0) 0.86

Variables are described as n (%) or mean (standard deviation)

excess of mortality. By the time severe sepsis is estab-
lished, the inflammatory pathway has already had a hand
in the irreversible damage to the patient’s organs, and
aggressive host treatment or alteration of the antibiotic
regimen dose remains as the only feasible options.
Therefore, further improvement in survival of these
patients depends on identifying subsets which might
benefit from adjuvant therapy. PROWESS [28] study
evaluated the use of activated C-protein for sepsis treat-
ment and found benefit in a subgroup of patients with
APACHE 1I score higher than 25, a cutoff very close to
that we find in this analysis as an independent risk factor
for mortality in severe CAP patients. Whether this is a

subset of patients who benefit more from adjuvant therapy
should be assessed in prospective studies.

An interesting finding is noted on Table 4. Prior
antibiotic use was associated with a significantly higher
survival. As a consequence, receipt of antimicrobial
therapy prior to randomization may affect the results of
trials of treatment of CAP. It suggests that prior therapy
would dilute the treatment effect and potentially result in
a false negative conclusion. This finding was also docu-
mented in a large Medicare database reported by Houck
et al. [29]; therefore, timely antibiotic administration in
all patients with CAP should be recommended. In addi-
tion, based on our findings, earlier identification of renal
failure and shock, such as using RIFLE criteria for acute
kidney injury [30] or lactate determination in CAP
patients at the emergency department [31] might improve
identification of potential patient candidates for adjunc-
tive therapy. Further studies using RIFLE criteria,
biomarkers for acute kidney injury [30] or lactate
assessment [31] should be performed.

Finally, our analysis in immunocompetent patients
with documented bacterial CAP is of real academic
interest to improve the design of clinical trials. Unfortu-
nately, many patients at ICU admission did not have an
etiologic diagnosis. For this reason, an intent-to-treat
analysis considering both patients with confirmed and
unknown microorganism was performed. Lack of differ-
ences in setting variables associated with mortality,
reinforce our findings.

This study suffers several limitations. First, hospital
mortality was not recorded and some differences may
account when prolonging the follow-up [32]. Second, the
cohort was inadequately powered to evaluate impact of
specific pathogens within the non-pneumococci group.
This is because the data have been gathered for another
principal research question [12]. Third, some variables,
such as anticoagulant status, glycemic control or confu-
sion, were not recorded, and may have additional
influence on the outcomes. Fourth, there are several
obstacles to obtain an optimal antibiotic therapy in ven-
tilated critically ill patients. These patients often present
an increased volume of distribution, a higher cardiac
output, hypoalbuminemia and altered creatinine clear-
ance. These factors compromise antibiotic effectiveness
evaluation making it too unpredictable [33]. Finally, it is
unclear whether our findings can be extrapolated to
countries with other criteria for ICU admission or
patients in medical wards. However, as pointed by Shorr
and Wunderink [34] decision to triage a patient to ICU
cannot be solely based on a pneumonia severity score.
Available pneumonia severity scores are not adequately
validated for ICU admitted CAP patients and clinicians
base ICU admission decisions on risk factors that are not
included in scores. So, uniform ICU admission criteria
are not available in clinical practice and clinical judg-
ment remains a factor considered in ICU admission
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decision [34, 35]. Further studies should investigate these
issues.

In conclusion, our findings confirm that mortality
remains unacceptably high in immunocompetent patients
admitted to the ICU with documented bacterial CAP, in
spite of adequate antibiotic therapy and management of
comorbidities. These differences in survival are not
explained by etiology or delay in using adequate antibi-
otic agents. Our findings suggest the need to explore the
effect of adjuvant therapy in selected patients, beyond of
antibiotic therapy, to improve survival.
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