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Acquired infection is a major problem for critically ill patients, resulting in increased
morbidity, mortality, and health care costs.1 The overall infection rate approaches 40% and
may be as high as 80% in patients who stay in the ICU more than 5 days.2 Respiratory tract
infections account for 30-60% of all such infections, while urinary tract infections,
bacteremia and wound infections are less common.2,3 Prospective cohort studies have docu-
mented the incidence of ventilator-associated pneumonia (VAP) to range from 10% to
65%. These rates vary depending upon the study population, the underlying illness, and
diagnostic methods employed. Patients at highest risk of acquiring VAP are those with: 

• COPD
• Burns
• Neurosurgical illness
• ARDS
• Reintubation 
• Witnessed aspiration
• Receiving histamine-2 receptor antagonists or paralytic agents, or continuous

enteral nutrition.4,5

Microbiology

VAP can be classified as “early” (occurring within 4-7 days of onset of mechanical
ventilation) or “late” (occurring after 4-7 days of ventilation). Different investigators have
used different cutoffs to define early and late. Nevertheless, the distinction is important
as early VAP is most often due to easily treated organisms (Streptococcus pneumonia,
Hemophilus influenzae, Staphylococcal aureus, and possibly lactose fermenting gram-nega-
tive bacteria). Late VAP is often due to difficult-to-treat organisms (Pseudomonal species,
Acinetobacter, Stenotrophomonas, methicillin-resistant Staphylococcus aureus). Kollef and
colleagues6 prospectively studied a group of 87 patients with late-onset pneumonia
(developed after 4 days of mechanical ventilation). Twenty (23%) of these patients were
infected with a difficult-to-treat organism. The mortality of this latter group was 65%,
twice the mortality rate of the overall group. In a similar study, a French group examined
risk factors for the development of pneumonia due to these high-risk organisms.7 In a
single ICU, 135 consecutive episodes of VAP were observed over a 25-month period.
Seventy-seven episodes were caused by these difficult-to-treat organisms. Using a logistic
regression analysis, duration of mechanical ventilation > 7 days (odds ratio [OR]=6.0),
prior antibiotic use (OR=13.5) and prior use of broad-spectrum antibiotics (third genera-
tion cephalosporin, fluoroquinolone, and/or imipenem) (OR=4.1) were associated with
infection caused by these organisms. Of patients who received prior antibiotics and were
ventilated for >7 days, 58% of the organisms associated with VAP were multi-resistant. 

Does VAP affect patient outcome?

There is some controversy as to whether patients die with or from pneumonia. To
evaluate the attributable morbidity and mortality of VAP, we conducted a prospective,
matched, cohort study.8 Over 1,200 patients expected to be ventilated for >48 hours were
followed for the development of VAP. Compared to matched patients who did not
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develop VA P, patients with VAP stayed in the ICU 4.3
days longer (95% CI, 1.5 - 7.0) and had a trend toward s
an increase in the risk of death (absolute risk incre a s e ,
5.8%, 95% CI, -2.4 to 14.0; relative risk increase of
32.3%, 95% CI, -20.6 to 85.1). There are six other
studies that employed a “matching” strategy to examine
the excess morbidity and mortality of VA P.8 In all six
studies, VAP was associated with a prolonged length of
ICU stay (range 5-13 days). The excess mortality attrib-
utable to VAP ranged from an absolute risk increase of
zero to 50%. Therefore, it would appear that VAP does
p rolong ICU length of stay and may increase risk of
death. 

Given the excess morbidity and mortality associated
with VA P, every eff o rt should be made to prevent it.
P reventative measures shown to be efficacious include:

• removal of nasogastric or nasotracheal tubes as
soon as possible

• use of a formal infection control program
• semi-recumbent positioning of patients
• oral versus nasal intubation
• less frequent changes of ventilator tubing
• subglottic secretion drainage
• avoidance of gastric overdistension.9

Diagnostic strategies

T h e re has been considerable debate in the literature
and at international scientific meetings over the past 5
years as to the optimal diagnostic strategy in critically ill
patients with VAP.10,11 Several studies have documented
that “clinical criteria” alone which rely on cultures fro m
endotracheal aspirates result in a high misclassific a t i o n
rate of VA P.1 2 , 1 3 To aid in the diagnosis and to identify
the infecting organisms, bronchoscopy with use of
p rotected brush catheters (PBC) or bro n c h o a v e o l a r
lavage (BAL) may be more accurate than reliance on
s t a n d a rd endotracheal aspirates. Initial re p o rts suggest
sensitivity and specificity are high (pooled estimates,
89.9% and 94.5% re s p e c t i v e l y, for PBC, and 53.3-
100% and 98.6% for BAL),14 while recent studies ques-
tion the accuracy of invasive techniques in patients on
antibiotics prior to bro n c h o s c o p y.1 5 - 1 7 Using post-
m o rtem examinations as the gold standard to make the
diagnosis of pneumonia, previous studies have docu-
mented a high incidence of false positive and false nega-
tive results in patients on antibiotics who underw e n t
PBC or BAL1 8 , 1 9 In patients already receiving antibi-
otics, there is minimal correlation between clinical fin d-
ings, microbiologic data, and postmortem examination
of the lung. The utility of histopathology as the gold
s t a n d a rd for the diagnosis of pneumonia is questionable
in this setting. Regardless, from a patient outcomes
perspective, the question still remains: Does a manage-
ment strategy that combines clinical judgement with
results from invasive diagnostic pro c e d u res impro v e
patient outcomes compared to clinical judgement alone
(regardless of which gold standard is used)? 

In the management of VA P, there are few contro l l e d
trials evaluating a strategy based on information derived
f rom invasive diagnostic techniques compared to clin-
ical judgement. Sanchez-Nieto and colleagues2 0

randomized 51 ICU patients with a clinical suspicion of
pneumonia to undergo quantitative endotracheal aspi-
ration with bronchoscopy and PBC and BAL or quanti-
tative endotracheal aspiration alone. They demon-
strated that BAL and PBC resulted in a greater number
of changes to antibiotics, but no difference in length of
stay or mortality. Differences in baseline characteristics
of study patients make it difficult to interpret this small
s t u d y. In the group that underwent bro n c h o s c o p y, there
were more patients infected with Pseudomonas. 

For years, French investigators have been pro p o-
nents of invasive diagnostic techniques. Recently, they
published the results of a large, multicentered, random-
ized, unblinded study of 413 critically ill patients with a
clinical suspicion of VA P.2 1 Patients with recent antibi-
otic changes were excluded from the study which limits
the generalizability of the results. Patients were
randomized to bronchoscopy with BAL and/or PBC or
non-quantitative endotracheal aspirates. Antibiotics
w e re started based on presence of organisms on the
gram stain and the clinical condition of the patient. For
example, in a patient with no organisms on the gram
stain and with no signs of severe sepsis, antibiotics were
withheld pending culture results. If the patient did have
signs of severe sepsis, empiric antibiotics were initiated.
If the cultures were subsequently negative, antibiotics
w e re discontinued. The choice of individual antibiotics
was left up to the attending physician and was to follow
the American Thoracic Society Consensus Confere n c e
guidelines on antibiotic choices.22

In the intention-to-treat analysis, the re s u l t s
suggested that patients treated with invasive diagnostic
techniques had more antibiotic-free days in a 28-day
period (11.5 vs 7.5 days), fewer antibiotics per day (1.0
vs 1.3), and less organ dysfunction at day 3 and day 7 (as
m e a s u red by a SOFA score). At 14 days, the mort a l i t y
rate was significantly lower in the group that re c e i v e d
invasive tests (16.2 vs. 25.8%, p=0.022). At 28 days,
m o rtality rates were similar in both groups. It is diffi-
cult to explain how less exposure to antibiotics in the
first few weeks of care resulted in such an early and
significant treatment effect. 

The non-standardized antibiotic administration in
this study re p resents an important confounding vari-
able. Using ATS guidelines can result in several
d i ff e rent combinations of antibiotics and is there f o re an
i m p o rtant confounding variable. In the group that
u n d e rwent invasive diagnostic techniques, there was a
much lower rate of inappropriate empiric antibiotics
( 1 patient [0.5%] vs 24 patients [13%], p<0.001).
T h i rty-two per cent of the 25 patients who re c e i v e d
i n a p p ropriate initial antibiotics died, compared to 20%
of the 388 patients who received appropriate initial



p=0.03). Given that patients were not randomized to
invasive or noninvasive diagnostic approaches, one
cannot make strong inferences from these fin d i n g s .
H o w e v e r, a potential advantage of using invasive tech-
niques is that antibiotic therapy may be tailored to the
results of PBC or BAL. This is consistent with the fin d-
ings of the French study and has important clinical
implications. Reducing the unnecessary use of bro a d
s p e c t rum antibiotics may minimize the emergence of
resistant micro o rganisms in the ICU and reduce antibi-
otic costs.

Empiric antibiotic strategies: A case for
broad-spectrum antibiotics

Empiric therapy for VAP (antibiotics started prior
to results of cultures) usually consists of one or two
agents with activity against Gram-negative and Gram-
positive organisms. Several re p o rts that document
empiric therapy based on clinical judgement in patients
suspected of having pneumonia demonstrate that initial
t reatment was often inadequate; that is, subsequent
c u l t u res grew organisms resistant to initial antibiotics
or antibiotics initially withheld and culture re s u l t s
subsequently positive.24,25 Additional studies have shown
that patients treated with “inappropriate” empiric
therapy have a much higher mortality rate than patients
placed on “appropriate” empiric antibiotic therapy. 

In a prospective, observational study in 30 ICUs in
Spain, Alvare z - L e rma and colleagues studied antibiotic
use in 530 patients with VA P.2 6 Empiric antibiotics were
a d m i n i s t e red in 430 (87%) of cases. In 214 (43.7%)
cases, empiric therapy was modified because of isolation
of organisms not covered by empiric antibiotics, lack of
clinical response and/or development of re s i s t a n c e .
Antibiotic coverage was considered to be appropriate in
284 (66%) episodes and inappropriate in 146 (34%).

antibiotic therapy. In the patients who received inap-
p ropriate antibiotics, all of the deaths occurred before
day 14. Consequently, the mortality difference between
g roups may have had less to do with the diagnostic
strategy, and more to do with the antibiotic choices. 

Furthermore, there is additional evidence that both
g roups may not have been treated equally in this
unblinded study. There were more patients with infec-
tions other than VAP diagnosed in the invasive treated-
g roup (22 vs 5 infections, (p<0.001), and we do not
know if the diagnostic work-up and therapeutic inven-
tions related to these interventions was the same in
both groups.

In the absence of compelling data from larg e
randomized trials, a reasonable, next-best approach was
to examine the impact of invasive diagnostic techniques
on health care workers, patient management, and
patient outcome using an observational study design. In
this multicenter, Canadian study, 92 mechanically venti-
lated patients with a clinical suspicion of VAP who
u n d e rwent bronchoscopy were compared to 49 patients
with a clinical suspicion of pneumonia who did not.2 3

While both groups experienced a similar rate of antibi-
otic changes, patients who underwent PBC or BAL
ended up on fewer antibiotics and a greater pro p o rt i o n
had their antibiotics discontinued all together.
F u rt h e rm o re, compared to empiric antibiotics initiated
at baseline, patients in the group who underwent bron-
choscopy ultimately received fewer prescriptions for
t h i rd-generation cephalosporins, while those in the
c o n t rol group showed a trend towards an increase in
b road spectrum antibiotics (Figures 1 and 2). The dura-
tion of mechanical ventilation, ICU, and hospital stay
was similar between the two groups; however, we
o b s e rved a lower mortality rate in the group that under-
went bronchoscopy with PBC or BAL (18.5 vs. 34.7%,

Figure 1: Change in antibiotic prescription before
and after results of endotracheal aspirates
known. Pen=penicillin; ceph=
cephalosporins; vanco=vancomycin.
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Figure 2: Change in antibiotic prescription before
and after results of bronchoscopy are
available. Pen=penicillin; ceph=
cephalosporins; vanco=vancomycin.
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Attributable mortality and related complications
( p a rticularly shock and gastrointestinal bleeding)
w e re higher in patients treated with inappro p r i a t e
antibiotics (Figure 3). 

Luna and colleagues followed 132 patients with
a clinical suspicion of pneumonia and described
antibiotic use prior to and after BAL results were
a v a i l a b l e .2 7 S i x t y - five patients had a “positive” BAL.
Of those 65 patients, only 16 (25%) were receiving
adequate antibiotic therapy prior to bronchoscopy.
The mortality rate in those patients re c e i v i n g
initial adequate therapy was significantly lower
(6/16, 38%) compared to patients receiving inade-
quate therapy (31/34, 91%), even though this last
c o h o rt subsequently had therapy changed to an
adequate agent, either established empirically or
based on culture results.

Finally, Kollef and colleagues have published
two studies that evaluate the relationship between
inadequate antimicrobial treatment and mortality.
In one study of 130 critically ill patients with
suspected VA P, 60 patients had a positive mini-BAL
culture.24 Of those, 44 (73%) were classified as
receiving inadequate antibiotics. Following the
results of cultures, antibiotics remained unchanged
in 51 (39%) cases, were changed in another 51
(39%) cases, and were discontinued in the
remaining 28 (22%) of cases. The mortality rates
for these three groups were 33.3%, 60.8%, and
14.3%, respectively, suggesting that a delay in
achieving adequate antibiotic coverage is associated
with a increased mortality rate (Figure 4). 

In another study of 2000 consecutive admis-
sions to a medical or surgical ICU, 655 (33.3%)
w e re thought to have either community-acquire d
or nosocomial infections.2 8 Of these, 165 (25.2%)

received inadequate antibiotics for their infection.
The hospital mortality rate of infected patients
with inadequate antimicrobial treatment was
s i g n i ficantly higher than the mortality rate for
patients with adequate treatment (52.1% vs 23.5%,
p<0.0001). The most common cause of inadequate
antibiotics was the presence of an antibiotic-
resistant organism.

Based on these data, the use of broad spectrum
antibiotics as initial management of suspected VAP
is likely to result in less microbiologic failure and
i m p roved clinical outcomes. However, in patients
with more than 7 days of mechanical ventilation
and prior use of antibiotics, any single broad spec-
t rum agent (by itself) would be adequate in only
<45% of cases (best case scenario).7 F u rt h e rm o re ,
to prevent the development of resistance while on
t reatment, it is recommended that two drugs be
used for infections due to P s e u d o m o n a s.2 9 W h e re a s
t reatment with a third-generation cephalosporin
may suffice for early onset VAP, to ensure maximal
p robability of adequate treatment of an infecting
o rganism, combination therapy with two bro a d
s p e c t rum antibiotics is recommended for late-onset
VA P.2 2 The American Thoracic Society (AT S )
guidelines recommends that for patients with late-
onset VAP with “risk factors,” empiric tre a t m e n t
includes the combination of aminoglycoside or
c i p ro floxacin plus one of the following antimicro-
bial agents, an antipseudomonal penicillin, a beta-
lactam/beta-lactamase inhibitor combination,
ceftazidime, imipenem or meropenem with or
without vancomycin.22 H o w e v e r, there is no
r i g o rous evidence that supports these guidelines
and broad spectrum antibiotics are not without
their side effects. 

Figure 4: Mortality rates of patients with
organisms that were resistant and
sensitive to empiric treatment for a
suspicion of VAP.
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Figure 3: Outcomes of patients receiving
empiric treatment for suspected VAP
grouped by “appropriateness” of
initial antibiotics.
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A case against two empiric 
broad-spectrum antibiotics

O b s e rvational studies that document a higher
m o rtality rate in patients treated with “inappro-
priate” antibiotics or in patients who have had their
antibiotics changed, may only be describing an
“association,” not a “causal re l a t i o n s h i p . ”
Developing a multi-resistant organism or changing
the antibiotics may be associated with sicker
patients with a severe underlying illness. Despite
therapeutic changes, these patient will likely
succumb to the underlying illness. Often, antibi-
otics are changed because the patient is clinically
deteriorating, regardless of the organisms or sensi-
tivities. Conversely, since assessments of dru g
activity are in vitro, sometimes patients will
i m p rove on drugs that are re p o rtedly inactive
against a specific organism.

Epidemiologic data on the prevalence of
multiresistant organisms comes from French and
other European centers.7 These data are not
systematically collected and published in Canada.
H o w e v e r, in our recent study assessing the attribut-
able morbidity and mortality of VAP, only 14/177
(13.6%) of patients with VAP were treated empiri-
cally with “inappropriate” antibiotics and the inci-
dence of Pseudomonas and A c i n e t o b a c t e rwas less than
25% (there were no cases of S t e n o t ro p h o m o n a sd o c u-
m e n t e d ) .8 With respect to blood stream infections,
a Canadian surveillance study documented that
infections due to Pseudomonas, Acinetobacterand
Stenotrophomonaswere less than 7% of all infec-
tions.31 These data suggest that the prevalence of
multi-resistant organisms may be lower than
reported elsewhere. In addition, there is some
evidence that treating serious pseudomonal infec-
tions with one antibiotic active in vitro may be suffi-
cient.32 Therefore, the use of two broad spectrum
agents, as recommended in the ATS guidelines may
not be necessary, especially in the Canadian setting.

The use of bro a d - s p e c t rum antibiotics may
have serious adverse effects in critically ill patients.
The overuse or indiscriminate use of broad spec-
t rum antibiotics is implicated in the development
of infections due to multi-resistant, diffic u l t - t o -
t reat bacteria and fungi.3 0 , 4 0 , 3 3 The highest concen-
tration of antibiotic resistant isolates is found in the
ICU.34 The primary strategy for preventing antibi-
o t i c - resistant nosocomial infections is eliminating
or reducing the unnecessary use of antibiotics.35 In
addition, overuse of antibiotics may increase the
f requency of antibiotic-associated side eff e c t s
( a l l e rgic reactions, diarrhea, etc.). Finally, the
excessive use of broad spectrum antibiotics will
c e rtainly increase pharmacy costs. There f o re, the
risks and benefits of administering two empiric

broad-spectrum antibiotics need to be evaluated in
the context of a randomized clinical trial.

Conclusion

The combination of two empiric bro a d - s p e c t ru m
antibiotics (to improve clinical outcomes) and inva-
sive diagnostic tests (to limit antibiotic use) may be
the optimal management strategy for critically ill
patients with a clinical suspicion of late-onset VA P.
B e f o re strong clinical guidelines can be put forw a rd ,
h o w e v e r, the risks and benefits of this management
strategy need to be evaluated in the context of a
randomized clinical trial. The Canadian Critical
C a re Trials Group is currently conducting a multi-
center randomized clinical trial of invasive diagnostic
techniques and empiric antibiotics in an attempt to
p rovide stronger evidence as to the optimal manage-
ment of the most prevalent complication of critical
illness – ventilator-associated pneumonia.
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Abstracts
The attributable morbidity and mortality of ventilator- a s s o c i a t e d
pneumonia in the critically ill patient.
The Canadian Critical Trials Gro u p .
HEYLAND DK; COOK DJ; GRIFFITH L; KEENAN SP; BRUN-BUISSON C
To evaluate the attributable morbidity and mortality of ventilator-associat-
ed pneumonia (VAP) in intensive care unit (ICU) patients, we conducted a
prospective, matched cohort study. Patients expected to be ventilated for
> 48 h were prospectively followed for the development of VAP. To deter -
mine the excess ICU stay and mortality attributable to VAP, we matched
patients with VAP to patients who did not develop clinically suspected
pneumonia. We also conducted sensitivity analyses to examine the effect of
different populations, onset of pneumonia, diagnostic criteria, causative
organisms, and adequacy of empiric treatment on the outcome of VAP. One
hundred and seventy-seven patients developed VAP. As compared with
matched patients who did not develop VAP, patients with VAP stayed in the
ICU for 4.3 d (95% confidence interval [CI]: 1.5 to 7. 0 d) longer and had
a trend toward an increase in risk of death (absolute risk increase: 5.8%;
95% CI: -2.4 to 14.0 d; relative risk (RR) increase: 32.3%; 95% CI: -20.6
to 85.1%). The attributable ICU length of stay was longer for medical than
for surgical patients (6. 5 versus 0.7 d, p < 0.004), and for patients infected
with “high risk” organisms as compared with “low risk” organisms (9.1 d
versus 2.9 d). The attributable mortality was higher for medical patients
than for surgical patients (RR increase of 65% versus -27.3%, p = 0. 04).
Results were similar for three different VAP diagnostic criteria. We con-
clude that VAP prolongs ICU length of stay and may increase the risk of
death in critically ill patients. The attributable risk of VAP appears to vary
with patient population and infecting organism.
Am J Respir Crit Care Med1999;159:1249-1256.


