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Outcome Analysis of Patients Requiring Mechanical Ventilation
with Severe Community-Acquired Pneumonia and
| dentified Bacterial Pathogens

Han-Chung Hu, MD; Chung-Chi Huang, MD; Ying-Huang Tsai, MD;
Cheng-Huel Lee, MD; Meng-Jer Hsieh, MD

Background: Severe community-acquired pneumonia (CAP) is associated with high mor-
tality. The choice of antibiotics should be guided by the distribution of bacte-
rial pathogens. The purpose of this study was to analyze the causative bacte-
ria and outcomes of patients with severe CAP in a medical intensive care
unit (MICU) in Taiwan. The results may provide a basis of guidance for
future empirical antibiotic treatments.

Methods: We enrolled patients with severe CAP who were intubated and who required
mechanical ventilation in an MICU in 2001. Only patients with identified
bacterial pathogens were included. The bacterial distribution was deter-
mined, while differences in age, acute physiology and chronic health evalua-
tion (APACHE) |l scores, and initial PaO./FiO: ratio between surviving and
expired patients were compared.

Results: Fifty-nine patients were enrolled and 75 isolates were obtained. Klebsiella
pneumoniae was the most common bacteria (21.3%), followed by
Pseudomonas aeruginosa and Acinetobacter baumannii. Staphylococcus
aureus (8%) was the most-commonly isolated gram-positive organism, and
half of its isolates were oxacillin-resistant (ORSA). The overal mortality
was 55.9%. Multiple logistic regression analysis revealed that survivors had
asignificantly younger age and lower APACHE |1 scores.

Conclusions: Gram-negative bacilli were the most-common causative pathogens among
patients with severe CAP requiring mechanical ventilation. Antipseudomonal
antibiotics or a carbapenem should be considered to cover Pseudomonas
species, extended-spectrum [-lactamase-producing strains, and
Acinetobacter species. If the isolated bacteria are gram-positive, care should
be taken to cover the possibility of ORSA. Old age and higher APACHE I
scores were associated with higher mortality.

(Chang Gung Med J 2005; 28:229-36)
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eumonia was the eighth leading cause of death Pneumonia is classified into community-acquired
in Taiwan in 2001, at more than 3700 fatalities.” pneumonia (CAP) and hospital-acquired pneumonia
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(HAP) according to the source of the infection. CAP
and HAP have different causative pathogens, clinical
courses, and management.

The majority of CAP patients are managed at
outpatient clinics, and approximately 20% of them
require hospitalization.® Furthermore, about 10% of
hospitalized patients need intensive care.® The over-
al mortality of CAP is less than 5%, but severe CAP
that requires intensive care is associated with higher
mortality rates of up to 20%~50%.“® The mortality
rate might be even higher among intubated patients.®
Empirical therapy with broad-spectrum antibiotics is
still the mainstay of treatment for severe CAP. Many
studies have emphasized the importance of adequate
empirical therapy to improve outcomes and decrease
the length of hospital and intensive care unit (ICU)
stays. The mortality rate can be lowered to 10% if
the initial therapy for severe CAP is adeguate and
patients improve within the first 3 days. In contrast,
the mortality rate can be as high as 60% if the initial
therapy isinadequate.®

The choice of empirical antibiotics is often
guided by consensus guidelines devel oped according
to local surveillance data.®*® Therefore, the choice of
antibiotics varies in different areas. It is important to
discern patterns of causative pathogens and antibiotic
susceptibilities, which can provide guidance for the
initial treatment of CAP, especially severe CAP.
Therefore, we retrospectively reviewed the bacterial
pathogens and patterns of drug susceptibility in
patients with severe CAP admitted to a medical 1CU
of amedical center in northern Taiwan in 2001. The
outcomes of these severe CAP patients were also
analyzed.

METHODS

This was a retrospective study performed at a
20-bed adult medical ICU of a medical center in
northern Taiwan. From January to December 2001,
consecutive patients admitted to the ICU, either from
the emergency room or ward, with a diagnosis of
severe CAP and respiratory failure were included.
Only patients with identified bacterial pathogens
were enrolled in the study. Patients coming from
nursing homes, those who had been admitted to
another hospital, or who were discharged within
fewer than 7 days prior to this admission were
excluded. Patients who were admitted to the ward
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with a diagnosis of CAP but were transferred to the
ICU within 24 h because of respiratory failure were
aso included. Because this was an 1CU-based study,
patients fulfilling the criteria of severe CAP but who
were not associated with respiratory failure or were
not admitted to the ICU were not included.

A diagnosis of pneumonia was based on the fol-
lowing criteria: (1) new chest radiographic infiltra-
tion which was compatible with pneumonia, (2) a
body temperature of > 38°C or < 35°C, (3) purulent
productive sputum, and (4) a white blood cell count
of > 12,000/ml or < 3000/ml. Severe CAP was
defined according to the American Thoracic Society
definition published in 2001.© The major criteria are
(1) a need for mechanical ventilation and (2) the
presence of septic shock. Minor criteriaare (1) asys
tolic blood pressure of < 90 mmHg, (2) multilobar
disease, and (3) a PaO./FiO: ratio of < 250. Patients
fulfilling at least 1 major or 2 minor criteria were
defined as having severe CAP.

Medical records were reviewed in detail by 2 of
the authors to obtain the following information: age,
gender, acute physiology and chronic health evalua-
tion (APACHE) Il score, initial PaO:/FiO: ratio after
intubation, length of mechanical ventilator usage,
length of ICU stay, and length of hospital stay. Chest
radiographs were separately reviewed by 2 pulmo-
nologists to confirm the diagnosis of pneumonia. We
aso collected the results of cultures and susceptibili-
ty tests yielded from blood sampling, transtracheal
aspirations before initiation or change of antibiotic
treatment, or bronchoalveolar lavage or pleural effu-
sions within 24 h after admission. Viral and
mycobacterial infections were excluded because of
limited available data. Atypical pneumonia was not
included because seral tests were not routinely car-
ried out. Adequate antibiotic therapy was defined if
the isolated pathogen was susceptible to at least 1 of
theinitial agentsin the ICU with correct dosage, tim-
ing, and route of administration.®

Data are expressed as the mean +=standard devi-
ation for continuous variables and the number with
percentage for categorical data. All analyses were
performed using SPSS software. The difference
between surviving and expired patients was com-
pared with t-test for continuous variables and x2 test
or Fisher's exact test for categorical data, where
applicable. Stepwise multiple logistic regression
analysis was performed using whether or not a
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patient survived as the dependent variable. A p value
of < 0.05 was considered significant for all analyses.

RESULTS

There were 706 patients admitted to this ICU
during the study period. In total, 169 patients ful-
filled the definition of severe CAPR, 36 of whom were
from the ward and the others from the emergency
room. Fifty-nine patients (59/169, 34.9%; 48 men
and 11 women) with positive microbiological results
were included in the analysis, with an age (mean+
SD) of 67.7+16.3 years, APACHE Il score of 23.1
+6.0, and initial PaO./FiO: ratio of 172.1+65.6.

Seventy-five pathogens were isolated from these
59 patients. Forty-four patients had a single
pathogen, and 14 patients had 2 pathogens. Most of
the pathogens were obtained from transtracheal aspi-
rations (n = 44, 44/59), among which only 1 was
polymicrobial. Others were obtained from bron-
choalveolar lavage (n = 11), blood culture (n = 2),

Table 1. Main Pathogens Identified in Severe CAP Patients

pleural effusion (n = 1), and protected sheath brush-
ing (PSB, n = 1). The identified bacteria are summa-
rized in Table 1. The most-common pathogens were
Klebsiella pneumoniae (21.3%), Pseudomonas
aeruginosa (17.3%), and Acinetobacter baumannii
(10.7%). These 3 pathogens comprised nearly 1/2 of
all bacterial pathogens. Those 8 patients infected
with A. baumannii were all hospitalized between
April and August. Streptococcus pneumoniae and
Hemophilus influenzae were less frequently seen in
the present study. Only 5.3% of isolates were S.
pneumoniae and 6.7% were H. influenzae.

The overall mortality was 55.9% (n = 33), and
the characteristics of surviving and expired patients
are summarized in Table 2. There was no gender dif-
ference by Fisher's exact test. The survivors had a
lower mean age (61.7+17.8 vs. 72.4+13.5, p <
0.05) and lower mean APACHE Il scores (20.9£5.0
vS. 24.8£6.2, p < 0.05). In patients older than 74
years, the mortality rate was 76%, while that of the
other younger patients was 41.2%. The patients with

Organism Surviving Expired Total (n=75) Mortality rate

G(+) bacteria 11 (14.6)
S pneumoniae 3 1 4( 5.3 25%
OSA 2 1 3(4 33.3%
ORSA 1 2 3( 4 66.7%
Corynebacterium spp. 1 0 1( 13 0%

G(-) bacteria 64 (85.4)
K. pneumoniae 10 6 16 (21.3) 37.5%
P. aeruginosa 3 10 13 (17.3) 76.9%
A. baumannii 3 5 8(10.7) 62.5%
H. influenzae 1 4 5( 6.7) 80%
E. coli 2 2 4( 5.3) 50%
Enterobacter cloacae 0 3 3(4 100%
E. coli-ESBL 0 2 2(27) 100%
K. pneumoniae-ESBL 1 1 2(27) 50%
Serratia marcescens 1 1 2(27) 50%
Branhamella catarrhalis 1 1 2(27 50%
Senotrophomonas 0 1 1(13 100%
Proteus mirabilis 1 0 1( 13 0%
Pseudomonas spp. 1 0 1(13) 0%
Bacillus 0 1 1(1.3) 100%
Neisseria meningitis 1 0 1( 1.3 0%
Citrobacter diversus 1 0 1( 13 0%
Pneumocystis carinii 1 0 1( 1.3 0%

Abbreviations: OSSA: oxacillin-sensitive Saphylococcus aureus, ORSA: oxacillin-resistant Staphylococcus aureus; ESBL: extended-

spectrum B-lactamase-inducing strains.
Data are presented as the no. (%).
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Table 2. Comparison between Surviving and Expired Patients with Severe CAP

Characteristics Surviving (n = 26) Expired (n = 33) Total (n=159) p Value
Male Femae 20:6 28:5 48: 11 NS
Age (mean£SD) 61.7+17.8 724 +135 67.6+16.3 <0.05*
Underlying disease

COPD 3 3 6

Diabetes mellitus 5 5 10

Malignancy 1 8 9

Liver cirrhosis 2 2

ESRD 1 1
APACHE Il score (mean£SD) 209+ 4.9 248+ 6.2 231+ 6 <0.05*
PaO2/FiO2 (mean £ SD) 183.2+67.2 163.8 +64.1 172.1+65.6 NS

Abbreviations: COPD: chronic obstructive pulmonary disease; ESRD: end-stage rena disease; APACHE I1: acute physiology and chron-
ic health evaluation scoring system, version Il; PaO2/FiOz: arterial oxygen pressure/fraction of inspiratory oxygen; NS: non significant.

* Compared by t-test.
t Compared by Fisher's exact test.

lower APACHE |1 score (<23) also had lower mor-
tality (40.0% vs. 72.4%). The mortality rate was
higher for those with P. aeruginosa (76.9%), H.
influenzae (80%), and A. baumannii (62.5%) infec-
tions. Comparatively, those patients infected with S.
pneumoniae or K. pneumoniae had lower survival
rates (25% and 38.8%, respectively). In patients
infected with K. pneumoniae, a higher percentage of
patients expired if it was an extended-spectrum beta-
lactamase (ESBL)-producing strain. However, the
percentage was not subjected to statistical analysis
due to the small case numbers involved. As for
comorbidity, both groups had similar percentages of
chronic obstructive pulmonary disease and diabetes
mellitus, but expired patients had more-malignant
disease. The initial PaO:/FiO: ratio was higher
among survivors (183.2 vs. 163.8), but the difference
was not statistically significant.

The initial empiric antibiotic regimen was ade-
quate in 25 patients, 16 of whom died (64%).
Comparatively, the mortality in the inadequate treat-
ment group was 50%, without a significant differ-
ence between these 2 groups (p = 0.211). Patients
who received adequate initial antibiotic treatment
were older (71.6+13.6 vs. 64.8+17.7 years, p =
0.05) than those who received inadequate treatment.
No statistical difference was found in APACHE 11
scores and PaO./FiO: ratios between these 2 groups.

In the surviving group, the mean duration of
intubation was 7.3 days, the length of the ICU stay
was 10.3 days, and the length of the hospital stay
was 24 days. In the expired group, the mean length

of the ICU stay (equal to the length of the hospital
stay) was 11.8 days. The length of the ICU stay did
not significantly differ between these 2 groups when
compared using the t-test.

Multiple stepwise logistic regression analysis
was performed with survival or expiration as the
dependent variable. Several independent variables
were entered, including age, gender, coma scale, cre-
atinine level, platelet count, albumin level, whether
initial treatment was adequate or not, the PaO./FiO:.
ratio, and the APACHE |1 score. As the result, only
age and the APACHE Il score were significant inde-
pendent variables. In the final model, the odds ratio
for the group aged = 75 years was 3.71 (95% confi-
dence interval: 1.13~12.18, p = 0.03) and that of
patients with APACHE 1l scores of > 23 was 3.18
(95% confidence interval: 1.01~10.01, p = 0.048).

DISCUSSION

Severe community-acquired pneumonia is asso-
ciated with high mortality, exceeding 60% if patients
require intubation and mechanical ventilation sup-
port.® Another meta-analysis showed an average
mortality of 36.5% for patients admitted to the ICU,
with arange of 21.7%~57.3%.%2 The overall mortali-
ty of our patients with identifiable bacterial
pathogens was 55.9%, which was high but similar to
those of previous studies.

Several studies have reported that the initial
antibiotics used had a significant impact on final out-
comes.®*3 |f the initial antibiotic regimen was inad-
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equate, then the mortality increased. Physicians
should be knowledgeable about the spectrum of
pathogens in their local area so that treatment can
focus on possible target organisms.

The prevalence of organisms is variable in dif-
ferent areas. In most studies, S. pneumoniae is the
most-common pathogen, ranging from 15% to 46%
of isolates.5"%** Other organisms such as H. influen-
zae, Staphylococcus spp., Legionella spp., and gram-
negative bacilli are also common causative agents.
Ruiz and coworkers reported that gram-negative
bacilli caused 11% of severe CAP cases.® Lee et d.
found that 47% of the causative pathogens of severe
CAP were gram-negative bacilli, and in their study,
K. pneumoniae was the most-common organism
(15%) which aso produced higher mortality. In the
present study, K. pneumoniae accounted for 27.1%
of severe CAP cases with a mortality of 37.5%,
which was lower than that due to other pathogens.

The roles of P. aeruginosa and A. baumannii in
severe CAP are unclear.®® Almirall et al. isolated P.
aeruginosa in 6% of patients with CAR® Torres et
al. isolated P. aeruginosa in 5% patients with CAP
and found that severe pneumonia caused by P. aerug-
inosa was associated with 100% mortality.“® In our
study, P. aeruginosa was isolated in 17.3% of
patients, and the mortality was high (76.9%). In gen-
eral, A. baumannii was more prevaent with nosoco-
mial infections. Rudin et al. described 6 cases of
CAP caused by Acinetobacter spp.®® Chen et al. also
reported 13 cases of severe CAP caused by A. bau-
mannii, with a mortality of 62%, which is similar
to our results (60%). Acinetobacter baumannii is
more active in warm and humid seasons,®® and this
is therefore compatible with our findings that all
infections with A. baumannii we noted occurred in
the period of April to August.

Staphylococcus aureus is also an important
organism responsible for severe CAP. Its incidence
has been increasing in recent years, ranging from
12% to 22%, as reported in several patient
series.31420 \Woodhead et al. analyzed 61 cases of S.
aureus-related CAP, and nearly 1/2 of them had
underlying systematic disease.?® According to our
results, 3 had diabetes, 1 had chronic renal failure
and was undergoing hemodialysis, and 1 had decom-
pensated liver cirrhosis. In addition, the percentage
of S aureus was even higher than that of S. pneumo-
niae. Half of them were ORSA, and 2/3 of patients
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with ORSA infection died.

Patients with severe CAP are usually associated
with a magjor systematic disease, including chronic
obstructive pulmonary disease, diabetes mellitus, and
alcoholism.® Fine et al. reported independent pre-
dictors of mortality to be neoplastic disease, corticos-
teroid use, and acohol abuse.® Torres et al. noted
that chronic respiratory disease was not associated
with higher mortality.®® In our study, the surviving
and expired patients had similar proportions of
comorbidities, except for a higher malignancy ratein
the expired group.

Elderly populations are more susceptible to
severe CAP and have more-adverse outcomes.
Woodhead et a. found that the mortality was 90% in
patients older than 70 years with pneumonia.®
Another multivariate analysis showed that being
aged older than 60 years was independently associat-
ed with death.® On the contrary, Riquelme et al.
reported that age was not a significant factor related
to the prognosis.®® In our study, the mortality rate in
patients of 75 years or older was 76.0%; which was
higher than the mean mortality. In addition, the sur-
viving group was younger than the expired group
(61.7£17.8 vs. 72.4+13.5 years, respectively, p <
0.05). This reveals that increasing age had a negative
impact on outcomes.

Marik et al. reported that APACHE |1 scores
were an independent predictor of mortality.?” We
found that patients with lower APACHE Il scores (<
23) had a lower mortality rate, which is similar to
previous data. Although the PaO./FiO: ratio was
higher in the surviving group, the difference was not
significant. Other factors also indicated no positive
results.

Adequate initial antibiotic treatment is impor-
tant and may reduce the mortality rate. In our study,
the mortality rates in the adequate and inadequate
initial antibiotic treatment groups were 64% and
50%, respectively, but the difference was not statisti-
cally significant. The cause of the opposite result
may have been due to the small sample size. The
mean age of our patients who received adequate ini-
tial antibiotic treatment was higher, which might par-
tially explain the higher associated mortality. This
also revealed that age might be another risk factor in
addition to antibiotics in the prognosis.

There are several limitations to our study. First,
because of its retrospective nature, admission criteria



and methods of specimen collection were not stan-
dardized. Second, we excluded other atypical
pathogens such as viruses and mycoplasma because
we did not routinely order serological studies, and
this may have affected the results of the pathogen
distribution. Third, because only patients in the ICU
were enrolled, patients with severe CAP who were
not treated in ICU were not included. This resulted in
a small sample size and may aso have affected the
pathogen distribution.

In summary, we have established a database for
the local spectrum of bacteria in patients with severe
CAP who require mechanical ventilation. Empirical
antibiotic treatment should be guided by the possible
bacterial distribution in our area. According to our
results, gram-negative bacillus infection should be
considered in intubated patients, and K. pneumoniae,
P. aeruginosa, and A. baumannii were common
pathogens among these patients. For patients possi-
bly infected with these bacteria, antipseudomonal
agents or carbapenem agents might be needed. If
gram-positive cocci are found, S. pneumoniae,
ORSA, and oxacillin-sensitive S. aureus (OSSA)
should all be considered. In our study, S. aureus was
even more commonly seen than S. pneumoniae.
Initial antibiotic treatment should cover possible
ORSA because it is associated with a high mortality
rate. Furthermore, higher age and APACHE Il score
were independent risk factors of death. Although the
beneficial effect of adequate initial antibiotic treat-
ment might have been masked by the older age of
that group in our study, it is still reasonable to choose
adequate empirical antibiotics to cover the possible
spectrum of pathogens found locally. A prospective,
larger-scale study is necessary in order to make
more-precise statistical comparisons.
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