the NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 DECEMBER 21, 2006

A Randomized Trial of Diagnostic Te

VOL. 355 NO. 25

chniques

for Ventilator-Associated Pneumonia

The Canadian Critical Care Trials Group*

ABSTRACT

BACKGROUND

Critically ill patients who require mechanical ventilation are at risk for ventilator-
associated pneumonia. Current data are conflicting as to the optimal diagnostic ap-
proach in patients who have suspected ventilator-associated pneumonia.

METHODS

In a multicenter trial, we randomly assigned immunocompetent adults who were re-
ceiving mechanical ventilation and who had suspected ventilator-associated pneumo-
nia after 4 days in the intensive care unit (ICU) to undergo either bronchoalveolar
lavage with quantitative culture of the bronchoalveolar-lavage fluid or endotracheal
aspiration with nonquantitative culture of the aspirate. Patients known to be colo-
nized or infected with pseudomonas species or methicillin-resistant Staphylococcus
aureus were excluded. Empirical antibiotic therapy was initiated in all patients until
culture results were available, at which point a protocol of targeted therapy was used
for discontinuing or reducing the dose or number of antibiotics, or for resuming
antibiotic therapy to treat a preenrollment condition if the culture was negative.

RESULTS

We enrolled 740 patients in 28 ICUs in Canada and the United States. There was
no significant difference in the primary outcome (28-day mortality rate) between
the bronchoalveolar-lavage group and the endotracheal-aspiration group (18.9%
and 18.4%, respectively; P=0.94). The bronchoalveolar-lavage group and the endo-
tracheal-aspiration group also had similar rates of targeted therapy (74.2% and
74.6%, respectively; P=0.90), days alive without antibiotics (10.4%7.5 and 10.6%7.9,
P=0.86), and maximum organ-dysfunction scores (mean [+SD], 8.3+3.6 and 8.6+4.0;
P=0.26). The two groups did not differ significantly in the length of stay in the ICU
or hospital.

CONCLUSIONS
Two diagnostic strategies for ventilator-associated pneumonia — bronchoalveolar
lavage with quantitative culture of the bronchoalveolar-lavage fluid and endotra-
cheal aspiration with nonquantitative culture of the aspirate — are associated with
similar clinical outcomes and similar overall use of antibiotics. (Current Controlled
Trials number, ISRCTN51767272.)
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ENTILATOR-ASSOCIATED PNEUMONIA DE

velops in approximately 20% of critically

ill patients receiving mechanical ventila-
tion. Patients in whom ventilator-associated
pneumonia develops have a higher mortality rate,
stay longer in the intensive care unit (ICU), and
require more resources than those without the
disease.>”

Previous studies have documented that reliance
on the results of endotracheal aspiration frequent-
ly leads to misclassification of ventilator-associat-
ed pneumonia.?® Bronchoscopy with quantitative
culture of bronchoalveolar-lavage fluid or of spec-
imens collected through a protected brush cath-
eter may yield superior diagnostic information.
However, in the absence of a reference standard
for the diagnosis of ventilator-associated pneu-
monia, the true sensitivity and specificity of such
methods are uncertain, as is their effect on patient
care and outcomes.

In an observational study, we found that quan-
titative culture of bronchoalveolar-lavage fluid,
as compared with culture of endotracheal aspi-
rate, resulted in more confident decision making,
less use of antibiotics, and lower mortality rates®
However, bronchoscopic techniques require spe-
cial training, are not universally available, and may
delay treatment of ventilator-associated pneumo-
nia. Subsequently, two randomized trials com-
pared the quantitative culture of bronchoalve-
olar-lavage fluid and the quantitative culture of
endotracheal aspirate'*'2? and two other random-
ized trials have compared the quantitative culture
of bronchoalveolar-lavage fluid and nonquanti-
tative culture of endotracheal aspirate.!>'* The
results of these studies are conflicting. More trials
are needed to determine the overall clinical utility
of these diagnostic approaches.’s Therefore, we
conducted a randomized trial to compare the
quantitative culture of bronchoalveolar-lavage flu-
id and culture of endotracheal aspirate in criti-
cally ill patients with suspected ventilator-asso-
ciated pneumonia. Our a priori hypothesis was
that bronchoscopy with quantitative culture would
be associated with lower mortality rates and less
use of antibiotics.

METHODS

We studied 740 critically ill patients with suspected
ventilator-associated pneumonia in 28 ICUs across
Canada and the United States. Using a 2-by-2 fac-

torial design, we randomly assigned patients to
undergo bronchoalveolar lavage with quantitative
culture of the bronchoalveolar-lavage fluid or stan-
dard endotracheal aspiration with culture of the
aspirate and to receive empirical combination anti-
biotic therapy or monotherapy. This article fo-
cuses on the diagnostic methods of the study. Pa-
tients were stratified according to the center and
to the severity of illness within 24 hours of en-
rollment (less severe illness was defined as an
Acute Physiology and Chronic Health Evaluation
[APACHE] II*® score of 24 or less, and severe ill-
ness as an APACHE II score greater than 24).%”
Treatment was randomly assigned with the use
of a central telephone system, with a variable, un-
disclosed block size.

Consecutive adults who had received mechan-
ical ventilation in the ICU for at least 4 days were
eligible if they had suspected pneumonia, defined
by new or persistent radiographic features of pneu-
monia without another obvious cause and any two
of the following clinical features: a temperature
exceeding 38°C, leukocytosis (defined as a leuko-
cyte count exceeding 11.0x10% per cubic millime-
ter) or neutropenia (defined as a neutrophil count
of less than 3500 per cubic millimeter), purulent
endotracheal secretions, potentially pathogenic
bacteria isolated from the endotracheal aspirate,
and increasing oxygen requirements.

We excluded patients who were immunocom-
promised; considered to be unsuitable for bron-
choscopy by the attending physician; allergic to
penicillins, cephalosporins, carbapenems, or cip-
rofloxacin; infected or colonized with pseudomo-
nas species or methicillin-resistant Staphylococcus
aureus; recent recipients of study drugs (cipro-
floxacin within 24 hours and meropenem with-
in 7 days before enrollment); expected to die or
undergo withdrawal of treatment within 72 hours
after enrollment; unlikely to leave the ICU within
3 weeks; pregnant or lactating; or previously en-
rolled in this or another interventional trial. We
obtained written informed consent from family
members of all patients.

We developed an implementation manual to
standardize the procurement and laboratory pro-
cessing of samples, according to conventional
techniques?® (see the Supplementary Appendix,
available with the full text of this article at www.
nejm.org). This manual was sent to and agreed
upon by all participating laboratories before ini-
tiation of the study. In patients in the bronchoal-
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veolar-lavage group, the ICU physician or attend-
ing respirologist performed bronchoalveolar lavage
in the affected region of the lung, identified from
a chest radiograph. For all patients, immediately
after the diagnostic tests, ICU physicians were
asked to rate the pretest likelihood of ventilator-
associated pneumonia as low, moderate, or high,
on the basis of their clinical judgment; this esti-
mate was not standardized.

Since previous studies of diagnostic techniques
for ventilator-associated pneumonia have been
confounded by a lack of standardization of em-
pirical antibiotic therapy, we standardized anti-
biotic administration in all study patients in order
to ensure that any differences observed were due
to the diagnostic technique and not to differences
in empirical antibiotic therapy between the two
groups. To maximize the likelihood of achieving
a high rate of adequacy of empirical antibiotic
therapy (defined as the susceptibility of cultured
organisms to the study antibiotics), we selected
two broad-spectrum antibiotics that are active
against pseudomonas species.

After the diagnostic tests had been complet-
ed, patients were randomly assigned to receive
either meropenem (1 g every 8 hours) and cipro-
floxacin (400 mg every 12 hours) or meropenem
alone, all provided intravenously in an open-label
fashion. According to the study protocol, after
enrollment, antibiotics were not adjusted until
culture results and culture sensitivities had been
reported. In both groups, if a patient had a posi-
tive culture, physicians prescribed a single anti-
biotic with the narrowest spectrum, according to
the usual practice at their institutions. If the cul-
ture showed no growth, study antibiotics were
discontinued except, at the discretion of the physi-
cians, in patients with a high pretest likelihood
of ventilator-associated pneumonia. Cultures with
normal flora, S. epidermidis, or candida species were
considered to be nonpathogenic; these cultures
and those that showed no growth were classified
as negative cultures for purposes of analysis. The
decision to treat other pathogens found in the
cultures was left to the ICU physician. Given that
previous exposure to antibiotics influences cul-
ture results, if potential pathogens grew on bron-
choalveolar-lavage fluid in culture at levels below
the diagnostic threshold (less than 10,000 colony-
forming units [CFU] per milliliter), physicians
could still treat these pathogens without violat-
ing the protocol. Semiquantitative information

on the cultures of endotracheal aspirate was not
considered in clinical decision making or in the
adjudication of the final diagnosis of ventilator-
associated pneumonia.

We recorded age, sex, chronic diseases that
were present, the diagnosis on admission, and the
APACHE 1I score for each patient® Patients were
monitored daily for signs and symptoms of infec-
tion and organ dysfunction; organ-dysfunction
scores ranged from O to 24, with higher scores
indicating greater dysfunction.*® The duration of
mechanical ventilation, length of stay in the ICU,
and length of stay in the hospital were also docu-
mented. After discharge or death, site investiga-
tors reviewed hospital records, incorporating the
culture results, response to antibiotics, and other
features of the clinical course to adjudicate wheth-
er patients had had ventilator-associated pneu-
monia and to determine the final clinical and
microbiologic outcomes according to standard
definitions (see the Supplementary Appendix). Be-
cause these determinations of diagnosis and out-
comes were made by physicians who were aware
of the patients’ treatment assignments, to stan-
dardize the determinations across sites, they were
reviewed centrally by the study chair to ensure
consistency and completeness. The study chair also
reviewed all results of culture and susceptibility
testing to determine the adequacy of empirical
therapy.

The primary outcome was the 28-day mortal-
ity rate. Secondary outcomes included survival in
the ICU and discharge from the hospital, dura-
tion of mechanical ventilation, length of stay in
the ICU and the hospital, response to clinical and
microbiologic treatment (see the Supplementary
Appendix), organ-dysfunction score, and use or
nonuse of antibiotics after culture results were
known. Antibiotic use was further described for
analysis as the proportion of patients for whom
all antibiotics were discontinued within 5 days
after randomization, the number of days patients
were alive and were not receiving antibiotics
within 28 days after randomization, and the pro-
portion of patients who received targeted ther-
apy (defined as the discontinuation or modifi-
cation of study antibiotics on the basis of culture
results or the readministration of antibiotics to
treat a preenrollment condition if the culture was
negative).

Our study was approved by the research ethics
board of each participating institution and was
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conducted under the auspices of the Canadian
Critical Care Trials Group. The sponsors had no
role in the conception or design of the study, data
collection, data analysis, interpretation of the re-
sults, or preparation of the manuscript. The steer-
ing committee designed and executed the study,
analyzed the data, interpreted the findings, wrote
the manuscript, and holds the data. The authors
vouch for the accuracy and completeness of the
reported data.

STATISTICAL ANALYSIS
Assuming a 28-day mortality rate of 40%,112:14
we calculated that we needed to enroll 740 pa-
tients for the study to have a statistical power of
80% to detect an absolute risk reduction in the
28-day mortality rate of 10%* with the use of the
Mantel-Haenszel test and a two-sided significance
level of 0.049. This significance level allowed for
one interim analysis, which was performed after
370 patients were enrolled. The interim analysis
did not show a difference that met the early-stop-
ping criterion (P<0.003), according to the method
of Lan and DeMets?° with O’Brien—Fleming—type
boundaries. The design of our factorial study in-
volved an assumption that the two types of study
intervention (diagnostic and antibiotic) would not
interact. We confirmed this assumption by dem-
onstrating the similarity of the treatment effect
of bronchoalveolar lavage and of endotracheal as-
pirates within each antibiotic group and by test-
ing for a treatment interaction using logistic re-
gression and controlling for the APACHE II score
(24 or less or greater than 24).

In all comparisons of bronchoalveolar lavage
and endotracheal aspiration, we controlled for
the antibiotic group and APACHE II score (24 or
less or greater than 24). We compared nominal
variables by using the stratified Mantel-Haenszel
test, the number of species in positive culture
and the number of antibiotics administered with-
in 24 hours before randomization by using the
stratified Mantel-Haenszel mean score test for
trend,?! the time-to-event variables by using the
stratified log-rank test (with Kaplan—Meier me-
dian estimates), and continuous variables by using
analysis of variance with blocking factors for the
antibiotic group and APACHE II score (24 or less
or greater than 24). A culture of bronchoalveolar-
lavage fluid was considered positive if a poten-
tial pathogen was isolated, regardless of the num-
ber of CFU per milliliter. Subgroup analyses were

performed with the use of the pretest likelihood
of ventilator-associated pneumonia, severity of
illness, length of stay in the ICU before random-
ization, prior use or nonuse of antibiotics, and the
presence or absence of high-risk organisms in the
culture (defined as pseudomonas species, meth-
icillin-resistant S. aureus, Stenotrophomonas maltophil-
ia, acinetobacter species, and multidrug-resistant
bacteria). This intention-to-treat analysis was per-
formed according to a prespecified plan of analy-
sis with the use of SAS software, version 8.2. All
tests were two-sided without adjustment for mul-
tiplicity of the secondary outcomes.

RESULTS

Between May 2000 and February 2005, we screened
2531 patients; 1144 were eligible and 740 were
enrolled (Fig. E1 in the Supplementary Appendix).
One patient withdrew consent 2 days after ran-
domization and data for that patient were not ana-
lyzed further. There were no clinically significant
differences in baseline characteristics between the
endotracheal-aspiration group and the bronchoal-
veolar-lavage group (Table 1), including in the anti-
biotics prescribed within 24 hours before enroll-
ment (Table E1 in the Supplementary Appendix).
The total number of antibiotics used per patient
before enrollment was not significantly different
between groups (P=0.83).

The mean (£SD) time between admission to
the ICU and enrollment was 7.9+5.2 days. The most
common pathogens in the specimens collected
at enrollment are listed in Table 2. More patients
in the bronchoalveolar-lavage group had a posi-
tive culture than did those in the endotracheal-
aspiration group (59.7% vs. 51.9%, P=0.03). Among
patients who had a positive culture, there was a
significant but not clinically important differ-
ence in the number of types of organisms cul-
tured (1.6 per culture in the bronchoalveolar-
lavage group vs. 1.4 in the endotracheal-aspiration
group, P=0.009).

The time from clinical suspicion of ventilator-
associated pneumonia to initiation of study anti-
biotics was slightly longer in the bronchoalveolar-
lavage group than in the endotracheal-aspiration
group (median, 8.0 hours [interquartile range,
6.0 to 12.4] vs. 6.8 hours [4.0 to 10.5], P<0.001).
Use of meropenem continued for a median of
3 days (interquartile range, 2 to 5) in all study
patients. In the group receiving meropenem plus
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Table 1. Baseline Characteristics of the Study Patients.*

Endotracheal Aspiration

Characteristic
Age —yr
Female sex — no. of patients (%)
APACHE Il score
Admission category — no. of patients (%)
Medical
Surgical
Primary diagnosis on admission — no. of patients (%)
Cardiovascular disorder
Trauma
Respiratory disorder
Neurologic disorder
Gastrointestinal disorder
Other condition
Sepsis
Renal disorder
No. of chronic diseases — no. of patients (%)
0
1
2
3
Pa0,:F10, at enrollment
Organ-dysfunction score at day 1
Receipt of vasopressors — no. of patients (%)
Result on chest radiograph at enrollment — no. of patients (%)
New infiltrate
Worsening or persistent infiltrate
Pretest likelihood of ventilator-associated pneumonia — no. of patients (%)
High
Moderate
Low
No. of days in ICU before enrollment
Total length of stay in ICU — no. of patients (%)
<7 days
=7 days
Use of antibiotics within 3 days before randomization — no. of patients (%)
None
Antibiotics in use but initiated beforehand
New antibiotics initiated

High-risk organism cultured — no. of patients (%)

(N=374)
58.7+18.0
118 (31.6)
19.8+6.2

224 (59.9)
150 (40.1)
89 (23.8)
90 (24.1)
73 (19.5)
51 (13.6)
4 (6.4)
25 (6.7)
18 (4.8)
4(L1)
112 (29.9)
101 (27.0)
67 (17.9)
94 (25.1)
223.0+86.2
5.6+3.1
86 (23.0)

101 (27.0)
273 (73.0)

162 (43.3)
163 (43.6)
49 (13.1)

7.6+5.4

235 (62.8)
139 (37.2)

133 (35.6)
130 (34.8)
111 (29.7)

49 (13.1)

1

Bronchoalveolar Lavage

(N=365)
59.3+17.6
109 (29.9)
20.146.4

226 (61.9)
139 (38.1)

92 (25.2
97 (26.6
5 (15.1
47 (12.9
36 (9.9)
3(6.3)
11 (3.0)
4(1.1)

)
)
)
)

233

214

95 (26.0

210.9+78.6
5.6+2.9

78 (21.4)

107 (29.3
85 (
78 (

)
)
)
)

114 (31.2)
251 (68.8)

177 (48.5)
130 (35.6)
58 (15.9)
8.2+5.0

200 (54.8)
165 (45.2)

138 (37.8
122 (33.4
105 (28.8

)
)
)
56 (15.3)

All
(N=739)

59.0+17.8
227 (30.7)
20.0+6.3

(
186 (25.2
145 (19.6
189 (25.6
217.1+82.7
5.6+3.0
164 (22.2)

6)
)
)
)

215 (29.1)
524 (70.9)

339 (45.9)

293 (39.6)

107 (14.5)
7.9+5.2

435 (58.9)
304 (41.1)

271
252
216
105

36.7)
34.0)
29.2)

2)

(
(
(
(14.

maltophilia, and multidrug-resistant organisms (defined as those resistant to two or more classes of antibiotics).

* Plus—minus values are means +SD. PaO, denotes the partial pressure of arterial oxygen, and FiO, the fraction of inspired oxygen.
i High-risk organisms included acinetobacter species, pseudomonas species, methicillin-resistant Staphylococcus aureus, Stenotrophomonas
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ciprofloxacin, ciprofloxacin was administered for
a median of 3 days (interquartile range, 2 to 0).
The median duration of antibiotic treatment for
ventilator-associated pneumonia was 10 days (in-
terquartile range, 5 to 15). The adequacy of em-
pirical treatment did not differ significantly be-
tween the two groups (among patients who had
positive cultures, 89.0% of those undergoing bron-
choalveolar lavage had adequate empirical anti-
biotic therapy, as did 89.5% of those undergoing

endotracheal aspiration; P=0.85). The percentage
of patients who were found not to have ventila-
tor-associated pneumonia was similar in the bron-
choalveolar-lavage group and the endotracheal-
aspiration group (13.7% and 17.1%, respectively;
P=0.19) (Table 3).

PRIMARY END POINT

Overall, the 28-day mortality rate was 18.7% (95%
confidence interval [CI], 15.9 to 21.7). The adjust-

Table 2. Findings on Culture of Specimens at Enrollment.

Organism or Finding

Endotracheal Aspiration (N=374)

None 67 (17.9)
Staphylococcus aureus 61 (16.3)
Candida spp. (13 6)
Normal flora 4 (19.8)
Haemophilus influenzae 46 (12.3)
Enterobacter spp. 33 (8.8)
Klebsiella spp. 29 (7.8)
Othert 12 (3.2)
Pseudomonas spp. 21 (5.6)
Escherichia coli 20 (5.3)
Streptococcus spp. 5(1.3)
Serratia spp. 11 (2.9)
Acinetobacter spp. 8(2.1)
Coagulase-negative staphylococcus 4 (1.1)
Enterococcus spp. 5(1.3)
Proteus spp. 6 (1.6)
Moraxella catarrhalis 4 (1.1)
Methicillin-resistant S. aureus 7 (1.9)
Stenotrophomonas maltophilia 6 (1.6)
Aspergillus spp. 5(1.3)
Totali:

Multidrug-resistant organisms (4.0

High-risk organisms 49 (13.1)

Bronchoalveolar Lavage* All (N=739)
>10* CFU <10*CFU
(N=185) (N=180)

number of patients (percent)

0 67 (37.2) 134 (18.1)
50 (27.0) 16 (8.9) 127 (17.2)
41 (22.2) 26 (14.4) 118 (16.0)

0 38 (21.1) 112 (15.2)
46 (24.9) 7(3.9) 99 (13.4)
30 (16.2) 6(3.3) 69 (9.3)
22 (11.9) 10 (5.6) 61 (3.3)
25 (13.5) 12 (6.7) 49 (6.6)
20 (10.8) 6 (3.3) 47 (6.4)
15 (8.1) 7(3.9) 42 (5.7)
26 (14.1) 3(1.7) 34 (4.6)

8 (4.3) 3(17) 22 (3.0)

4(22) 3(L7) 15 (2.0)
10 (5.4) 1(0.6) 15 (2.0)

7(3.8) 2 (L.1) 14 (1.9)

8 (4.3) 0 14 (1.9)

8 (4.3) 1(0.6) 13 (L.8)

3 (1.6) 2 (L.1) 12 (1.6)

5(2.7) 1(0.6) 12 (1.6)

1(0.5) 2 (1) 8 (1.1)

(9.2) 6(3.3 38 (5.1)
42 (22.7) 14 (7.8) 105 (14.2)

s

« CFU denotes colony-forming unit per milliliter.
i “Other” included citrobacter species, morganella species, Neisseria meningitidis, aeromonas species, Burkholderia (Pseudomonas) cepacia,

pasteurella species, Torulopsis (Candida) glabrata, sphingomonas species, bacteroides species, prevotella species, Haemophilus parainfluen-
zae, eikenella species, and neisseria species.

1 The incidences of multidrug-resistant organisms (defined as those resistant to two or more classes of antibiotics) and high-risk organisms

(defined as pseudomonas species, methicillin-resistant S. aureus, S. maltophilia, acinetobacter species, and multidrug-resistant bacteria) dif-
fered significantly between the endotracheal-aspiration group and the two subgroups of bronchoalveolar lavage (P=0.02 and P<0.001, re-
spectively). The incidence of high-risk organisms did not differ significantly between the endotracheal-aspiration group and the entire bron-
choalveolar-lavage group. Among patients infected or colonized with multidrug-resistant bacteria, 16 had enterobacter species, 9 had pseu-
domonas species, 7 had E. coli, 5 had klebsiella species, and 1 had acinetobacter species.
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ed relative risk of death by day 28 in the broncho-
alveolar-lavage group as compared with the en-
dotracheal-aspiration group was 1.01 (95% CI,
0.75 to 1.37; P=0.94). There were no significant
differences in the 28-day mortality rate in any of
our subgroup analyses (Fig. 1). In addition, the
mortality rate did not differ significantly between
the group receiving combination antibiotic ther-
apy and the group receiving monotherapy (rela-
tive risk, 1.05; 95% CI, 0.78 to 1.42; P=0.74). The
treatment effect of the two diagnostic tests was
the same regardless of the antibiotic therapy used,
and the treatment effect of the two antibiotic ther-
apies was the same regardless of the diagnostic
test used (P=0.37 for the interaction).

SECONDARY END POINTS
There were no significant differences between the
bronchoalveolar-lavage group and the endotrache-

al-aspiration group in the time from randomiza-
tion to the discontinuation of mechanical venti-
lation (median, 8.9 days [95% CI, 7.4 to 10.7] and
8.8 days [7.0 to 10.7], respectively; P=0.31), to dis-
charge from the ICU (12.3 days [10.9 to 13.8] and
12.2 days [10.9 to 14.2], respectively; P=0.22), or
to discharge from the hospital (40.2 days [36.0 to
45.7] and 47.0 days [38.1 to 55.0], respectively;
P=0.13). Patients who died before or within 24
hours after the discontinuation of mechanical
ventilation (114 patients), died before or within
24 hours after discharge from the ICU (128 pa-
tients), or died in the hospital (182 patients) were
considered to never have had any of these events,
and data for these patients were censored after
the end of follow-up. The number of deaths with-
in 14 days, in the ICU, and in the hospital were
similar between the two groups (Table E2 in the
Supplementary Appendix), as were the incidences

Table 3. Classification of Ventilator-Associated Pneumonia (VAP).*

Classification Endotracheal Aspiration

All patients
No. of patients 374
Definite VAP
Probable VAP
Possible VAP 310 (82.9)
No VAP 64 (17.1)
Pretest likelihood of VAP
High
No. of patients 162
Probable VAP 0
Possible VAP 145 (89.5)
No VAP 17 (10.5)
Moderate
No. of patients 163
Definite VAP
Probable VAP
Possible VAP 132 (81.0)
No VAP 31 (19.0)
Low
No. of patients 49
Probable VAP 0
Possible VAP 33 (67.3)
No VAP 16 (32.7)

Bronchoalveolar Lavage All
number of patients (percent)
365 739
1(0.3) 1(0.1)

180 (49.3) 180 (24.4)
134 (36.7) 444 (60.1)
50 (13.7) 114 (15.4)

177 339

100 (56.5) 100 (29.5)
59 (33.3) 204 (60.2)
18 (10.2) 35 (10.3)

130 293

1(0.8) 1(0.3)

57 (43.8) 57 (19.5)
55 (42.3) 187 (63.8)
17 (13.1) 48 (16.4)
58 107

23 (39.7) 23 (21.5)
20 (34.5) 53 (49.5)
15 (25.9) 31 (29.0)

* Classifications are defined in the Supplementary Appendix.
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A Effect on 28-Day Mortality Rate

Characteristic Unadjusted Relative Risk (95% Cl)

All patients
Pretest likelihood of VAP
High
Low or moderate
APACHE Il score

<24
>24
Days spent in ICU at randomization
<7
=7
Antibiotics within 3 days before randomization E
No ———
Yes —5—0—
Organism cultured 0
High-risk —E—O—
Non-high-risk ———
0s 10 20 30 40
Higher Rate Higher Rate in

Bronchoalveolar-
Lavage Group

in Endotracheal-
Aspiration Group

bronchoalveolar-lavage group and the endotra-
cheal-aspiration group. The rates of targeted ther-
apy were similar in the two groups, regardless of
whether all patients were analyzed or only patients
with negative or positive cultures were analyzed
(Table 5). In the subgroup of patients whose pre-
test likelihood of ventilator-associated pneumo-
nia was low or moderate and who had a negative
culture, physicians were more likely to use target-
ed therapy in the endotracheal-aspiration group
than in the bronchoalveolar-lavage group (85.0%
vs. 70.0%, P=0.009). Patients in the bronchoal-
veolar-lavage group and the endotracheal-aspi-
ration group had similar numbers of days alive
without antibiotics (10.4+7.5 and 10.6%7.9, respec-
tively; P=0.86) and similar maximum organ-dys-
function scores (8.3+3.6 and 8.6+4.0, respectively;
P=0.26).

DISCUSSION

B Effect on Use of Targeted Therapy

Characteristic Unadjusted Relative Risk (95% Cl)

All patients
Pretest likelihood of VAP
High
Low or moderate
APACHE Il score
<24
>24
Days spent in ICU at randomization
<7
=7
Antibiotics within 3 days before randomization
No
Yes
Organism cultured
High-risk
Non-high-risk

-+-+--+-+--*—-+--¥-+---*-*--+-

0.5

1.0 13 2.0

Higher Rate
in Endotracheal-
Aspiration Group

Higher Rate in
Bronchoalvelolar-
Lavage Group

Figure 1. Effect of the Diagnostic Test on the 28-Day Mortality Rate (Panel A)
and Use of Targeted Therapy (Panel B).

“High-risk organisms” were defined as acinetobacter species, pseudomonas
species, methicillin-resistant S. aureus, and S. maltophilia, as well as multi-
drug-resistant organisms (defined as those resistant to two or more classes
of antibiotics).

of clinical and microbiologic outcomes at day 28
(Table 4).

By day 6, all antibiotics had been discontin-
ued in 21.1% of patients and study antibiotics had
been discontinued in 59.9% of patients; the per-
centages did not differ significantly between the

In this randomized trial of diagnostic strategies
for patients with suspected ventilator-associated
pneumonia, we enrolled 740 patients from 28 hos-
pitals in both community and academic settings.
A priori, we expected that the use of quantitative
culture of bronchoalveolar-lavage fluid would be
associated with an increased use of targeted thera-
py and improved clinical outcomes. Early empiri-
cal therapy with broad-spectrum antibiotics was
initiated in all patients after the diagnostic test
had been completed. We detected no important
differences in clinical outcomes or in the use of
antibiotics between the groups undergoing either
diagnostic test in the main analysis or in any pre-
specified subgroup analysis. There was a very low
prevalence of pseudomonas and methicillin-resis-
tant S. aureus; our findings may not be generaliz-
able to settings in which these high-risk organ-
isms are more prevalent.

Our results differ from those in a French trial
of 413 patients who had clinically suspected ven-
tilator-associated pneumonia and who were ran-
domly assigned to undergo quantitative culture of
specimens collected by means of bronchoalveo-
lar lavage, protected brush catheters, or both or to
nonquantitative culture of specimens collected by
means of endotracheal aspiration; antibiotics were
initiated in both groups on the basis of findings
on Gram’s staining and the clinical condition of
the patient.** In the intention-to-treat analysis in
that study, as compared with patients who under-
went endotracheal aspiration, those who under-
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Table 4. Clinical and Microbial Outcomes at Day 28.*
Endotracheal Aspiration ~ Bronchoalveolar Lavage All
Outcome (N=374) (N=365) (N=739)
number of patients (percent)
Detailed clinical assessment
Clinical resolution 214 (57.2) 209 (57.3) 423 (57.2)
Delayed resolution 12 (3.2) 9 (2.5) 21 (2.8)
Relapse or recurrent infection 8(2.1) 8(2.2) 16 (2.2)
Superinfection 22 (5.9) 30 (8.2) 52 (7.0)
Clinical failure 8 (2.1) 3 (0.8) 11 (1.5)
Indeterminate outcome 41 (11.0) 37 (10.1) 78 (10.6)
Death 69 (18.4) 69 (18.9) 138 (18.7)
Overall clinical assessment
Cure 226 (60.4) 218 (59.7) 444 (60.1)
Clinical failure 107 (28.6) 110 (30.1) 217 (29.4)
Indeterminate outcome 41 (11.0) 37 (10.1) 78 (10.6)
Detailed microbial assessment
Resolution 133 (35.6) 149 (40.8) 282 (38.2)
Relapse or recurrent infection 6 (1.6) 10 (2.7) 16 (2.2)
Superinfection 28 (7.5) 47 (12.9) 75 (10.1)
Clinical failure 17 (4.5) 15 (4.1) 32 (4.3)
Colonization 39 (10.4) 28 (7.7) 67 (9.1)
No positive culture 136 (36.4) 100 (27.4) 236 (31.9)
Indeterminate outcome 15 (4.0) 16 (4.4) 31 (4.2)
Overall microbial assessmentf
Cure 172 (77.1) 177 (71.1) 349 (73.9)
Failure 51 (22.9) 72 (28.9) 123 (26.1)

* The P value for the overall clinical assessment was 0.90 and for the overall microbial assessment was 0.14. “Cure” was
defined as either clinical or delayed resolution and “failure” as relapse or recurrent infection, superinfection, or failure
(see the Supplementary Appendix for definitions of individual outcomes).

T The overall microbial assessment did not include results of “no positive culture” and “indeterminate.” Thus, the per-
centages were calculated for 223 patients in the endotracheal-aspiration group, 249 patients in the bronchoalveolar-

lavage group, and 472 patients in total.

went bronchoscopy had more antibiotic-free days
by day 28 (7.5 days vs. 11.5 days, P<0.001) and a
lower mortality rate at day 14 (25.8% vs. 16.2%,
P=0.02) but a similar 28-day mortality rate (38.8%
vs. 30.9%, P=0.10). It is plausible that the differ-
ence in mortality rate between the two groups at
day 14 in the French study had less to do with the
diagnostic strategy and more to do with the choice
of antibiotics. In the group that underwent bron-
choalveolar lavage, fewer patients received inap-
propriate empirical antibiotics (1 patient [0.5%],
vs. 24 patients [13%] in the endotracheal-aspira-
tion group; P<0.001). Of the patients who received
inappropriate antibiotics, 32.0% died, as compared
with 20.4% of the 388 patients who received ap-

propriate therapy (P=0.02). Of those who received
inappropriate antibiotics, 33% died (all in the en-
dotracheal-aspiration group) before day 14.

Our trial was designed to detect a 10% abso-
lute risk reduction or a 25% relative risk reduction
from a 28-day mortality rate of 40%. Given that
the actual mortality rate was lower than expected,
our study achieved a statistical power of 98% to
detect an absolute risk reduction of 10% but a
statistical power of only 41% to detect a relative
risk reduction of 40%. Our findings are consis-
tent with those of three Spanish trials, which did
not show any advantage of bronchoalveolar lavage
with quantitative cultures with respect to the mor-
tality rate or any other clinical outcome*** When
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Table 5. Incidence of Targeted Therapy by Day 6.*
Endotracheal Bronchoalveolar
Patients Aspiration Lavage All P Value
no. of patients/total no. (%)
All 279/374 (74.6) 271/365 (74.2) 550/739 (74.4) 0.90
Pretest likelihood of pneumonia
High 108/162 (66.7) 132/177 (74.6) 240/339 (70.8) 0.11
Low or moderate 171/212 (80.7) 139/188 (73.9) 310/400 (77.5) 0.11
Positive culture
All 148/194 (76.3) 172/218 (78.9) 320/412 (77.7) 0.63
Pretest likelihood of pneumonia
High 68/39 (76.4) 96/120 (80.0) 164/209 (78.5) 0.71
Low or moderate 80/105 (76.2) 76/98 (77.6) 156/203 (76.8) 0.73
Negative culture
All 131/180 (72.8) 99/147 (67.3) 230/327 (70.3) 0.28
Pretest likelihood of pneumonia
High 40/73 (54.8) 36/57 (63.2) 76/130 (58.5) 0.28
Low or moderate 91/107 (85.0) 63/90 (70.0) 154/197 (78.2) 0.009

* Targeted therapy was defined as the discontinuation or modification of study antibiotics on the basis of the organisms
cultured or the resumption of antibiotics to treat a preenrollment condition if the culture was negative.

the results of our trial are combined with those
of the Spanish and French trials, bronchoalveo-
lar lavage with quantitative cultures is not associ-
ated with a significant beneficial effect on the
mortality rate (relative risk, 0.93; 95% CI, 0.76 to
1.15). To confirm or refute the small risk reduc-
tion suggested by this pooled estimate, a random-
ized trial would need to include more than 10,000
patients per treatment group in order to achieve
a statistical power of 80% to detect a relative risk
reduction of 7% from a 28-day mortality rate of
20%. Furthermore, in the setting of adequate ini-
tial empirical treatment with antibiotics, as in our
trial, it is difficult to postulate the mechanism by
which bronchoalveolar lavage with quantitative
culture would increase survival.

In a recent meta-analysis?? of the four random-
ized trials of bronchoalveolar lavage as compared
with endotracheal aspiration,'**# quantitative cul-
ture of bronchoalveolar-lavage fluid was associ-
ated with an increased likelihood of adjustment
of antibiotic therapy (odds ratio, 2.85; 95% CI,
1.45 to 5.59). However, the meaning of “adjust-
ment” differed among the four primary studies
and sometimes included the addition or modifica-
tion of empirical antibiotics. In our trial, we did
not find that tailoring or de-escalating antibiotic

therapy was more frequent among patients who
underwent quantitative bronchoalveolar-lavage
cultures than among those who underwent endo-
tracheal aspiration. An important distinction be-
tween the French study and our trial is that the
French study incorporated findings on Gram’s
staining into treatment algorithms for ventila-
tor-associated pneumonia. For example, for a pa-
tient who had no organisms on Gram’s staining
and no signs of severe sepsis, antibiotics were
withheld, pending culture results. If the patient
did have signs of severe sepsis, empirical anti-
biotic therapy was initiated. Thus, only 52.5% of
patients in the bronchoalveolar-lavage group re-
ceived empirical therapy, as compared with 91.4%
of patients in the endotracheal-aspiration group,
explaining the observed difference in the use of
antibiotics between the two groups in the French
study.

We took a different approach to antibiotic
therapy in our trial. The use of inadequate empiri-
cal antibiotics and delays in the initiation of ap-
propriate antibiotic therapy are associated with
worse clinical outcomes than is the timely use of
adequate antibiotics.23>?” Even if cultures of bron-
choalveolar-lavage fluid can be used to identify
infective organisms more accurately than cultures
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of endotracheal aspirate, the information may
come too late to influence survival?” Finally, reli-
ance on Gram’s staining of pulmonary secretions
may result in erroneous decisions about antibiotic
therapy up to one third of the time283° Therefore,
to maximize the adequacy of empirical therapy
and improve clinical outcomes, we designed our
trial so that all patients received empirical, broad-
spectrum antibiotics.

The absence of a significant difference in the
use of antibiotics between the two groups in our
study may also be explained by the fact that re-
search personnel monitored all patients and re-
minded the clinical team to review culture results
and adjust antibiotic therapy as soon as they were
available. A single-center, randomized trial sug-
gested that a consistent policy of antibiotic dis-
continuation is associated with less frequent use
of antibiotics than with standard care.?! In our
trial, the research protocol and the research nurses
may have facilitated appropriate discontinuation of
antibiotics or of targeted therapy in both groups,
minimizing any difference between them. This
feature of our study should be considered in apply-
ing our findings in practice.

Limitations of our study include the fact that
investigators were aware of the study interven-

tions and that clinical judgment was involved in
determining the pretest likelihood and final clas-
sification of ventilator-associated pneumonia.
These issues are inherent in all trials enrolling
patients with suspected ventilator-associated pneu-
monia and testing these diagnostic techniques.
Strengths of our study include concealed random-
ization, 100% follow-up, the use of intention-to-
treat analysis, and efforts to standardize key as-
pects of the protocol (adjustment of antibiotic
therapy and discontinuation of mechanical ven-
tilation). In addition, the large sample and multi-
center nature of the study enhance the general-
izability of our findings.

In conclusion, we found that endotracheal as-
piration with nonquantitative culture of the aspi-
rate to diagnose ventilator-associated pneumonia
is associated with clinical outcomes and antibi-
otic use similar to those that are associated with
bronchoalveolar lavage and quantitative culture of
the bronchoalveolar-lavage fluid.
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Lazosky, L. Jessup, S. Helderweirt; London Health Science Centre — D. Leasa, V. Binns, J. Kehoe; Hopital Chatles-Lemoyne — G. Poirier, H.
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Appendix: Definitions of Clinical and Microbiological Outcomes
Clinical Outcomes:

Clinical resolution: the elimination of fever, purulence of secretions, and leukocytosis,

improved oxygenation and radiographic improvement within 14 days of enrollment.

Delayed resolution: the patient improved but persisted on mechanical ventilation more

than 14 days after enrollment.

Relapse or Recurrent infection: after initial improvement, the patient suffered a clinical

and radiographic deterioration with the same organism that was responsible for the initial
infection.

Superinfection: similar to relapse or recurrent infection but involves a different or new
organism.

Clinical failure: death or persistence of clinical and radiographic features of infection

throughout the study period requiring additional antibiotics.

Indeterminate: If while on treatment for respiratory symptoms the patient developed a
requirement for additional antibiotics for non-respiratory tract infections (e.g., line sepsis
requiring vancomycin).

Microbiological Outcomes:

Microbiological resolution: the elimination of the putative pathogen from repeated

culture of lower respiratory tract.

Relapse or Recurrent infection: after initial eradication, the patient suffered a clinical and
radiographic deterioration with the same organism that was responsible for the initial

infection.



Superinfection: similar to relapse or recurrent infection but involved a different or new
organism.

Failure: Persistence of the enrollment microorganism from secretions of the lower
respiratory tract throughout the study period.

Colonization: the acquisition (after enrollment) of yeast or bacteria not associated with
features of infection.

Indeterminate: If a patient died early and no subsequent cultures were available they
were considered indeterminate.

Adequacy of Empiric Therapy: The organism(s) that grow in the enrollment specimen

show in vitro susceptibility to meropenem or ciprofloxacin. If Pseudomonas species
were isolated, 2 drugs were necessary for empiric therapy to be considered adequate.
Classification of VAP:

1) Definite bacterial pneumonia- if at least one of the following three criteria was

fulfilled:
-positive result of pleural fluid culture
-rapid cavitation of the lung infiltrate as determined by computed tomography or
-histopathologic demonstration of pneumonia (presence of consolidation with
intense polymorphonuclear leukocyte accumulation in bronchioles and adjacent
alveoli involving several adjacent low-power microscopic fields, with or without
tissue necrosis) during biopsy or autopsy.

2) Probable bacterial pneumonia- if none of the above criteria were met yet patient had

cultures of specimens obtained using a bronchoalveolar lavage which grew at least one

organism in significant concentration ( >10* cfu/ml).



3) Possible pneumonia- if none of the above criteria were met yet patient's chest

radiograph, sputum culture, temperature, white blood cell count and clinical course were
consistent with pneumonia.
4) No pneumonia- if in the opinion of the study investigator, the patient’s course was not

compatible with pneumonia.



Protocol for Bronchoscopy and BAL
Patient prepared for bronchoscopy with 100% FiO2, adequate sedation with or
without paralysis. Patient on assist mode on the ventilator (RR 16-20) with
continuous monitoring and oximetry. Suction through the endotracheal tube prior
to starting bronchoscopy.
Sampling area is selected on the basis of the location of the new or progressive
infiltrate seen on CXR. When passing the bronchoscope down into the lung,
avoid suctioning secretions in the ETT, trachea or large airways to minimize
contamination of the working channel.
Do not use lidocaine spray.
Tip of the bronchoscope is wedged into the subsegment of the lung and 20 ml
sterile saline solution are injected, aspirated, and discarded. A new trap is
positioned and additional 20-60 ml aliquots are injected slowly and aspirated. The
total amount of fluid injected should be around 140 ml.
Note in chart percent retrieved fluid, presence or degree of haemorrhage or
purulent secretions and location of sampling.
Send labelled specimens to lab immediately for Gram stain on cytospun fluid and
quantitative culture.

Protocol for Endotracheal Suctioning
Patient prepared for suctioning with 100% FiO2, bagging (if necessary), adequate
sedation.
A sterile suction catheter (not a closed, inline system) and suction trap will be
used.
3-5 ml of sterile saline will be instilled if an adequate specimen not obtained.
Note in chart quantity and nature of the specimen.
Send labelled specimens to lab immediately for Gram stain and culture.



Protocol for BAL Sample Processing
POTENTIAL PATHOGENS

Any of the following may be pathogenic if greater than 1 X 10° CFU/L:
Haemophilus influenzae, S. pneumoniae, S. aureus, M. catarrhalis, Gram negative
bacilli, anaerobes, N. meningitidis

NORMAL FLORA

Coagulase negative Staphylococci, Corynebacterium  species, Viridans
streptococcus group, Neisseria species (not N. meningitidis)

INTERPRETATION OF CULTURES

Quantitative cultures are used to assess the concentration of organisms present in
the lower respiratory tract and to help distinguish between low level
contamination and a significant concentration of bacteria. (These numbers are for
use in patients not on antibiotic therapy).

A significant colony count in BAL specimens is 310* CFU/mL (310X10°
CFU/L). However, because many of our patients may have been on antibiotic
therapy at the time of sampling (not always known to the laboratory), and because
our technique allows us to isolate organisms at a one log lower level, our
threshold for work up of potential pathogens in a BAL is 310° CFU/ml (31X10°

CFU/L).
Day 1:
1. Ifless than 1 X 10° CFU/L of an organism per plate, no work-up. Reincubate plates.
2. If greater than or equal to 1 X 10° CFU/L of any potential pathogen per plate perform
full ID and susceptibilities. See "Interpretation of Count".
Day 2:
1. Re-examine all aerobic plates
2. Examine anaerobic culture if requested, determine count and workup as per Day 1

protocol.
3. Correlate aerobic to anaerobic growth if anaerobic culture was requested.



INTERPRETATION OF COUNT (BAL)

Volume Colony Count Report
Plated
1-9 <1 X 10° CFU/L ----- no further work-up
0.01 ml (Report: <10 x 10° CFU/L; No significant growth)
(10 pl) 10-100 <10 X 10° CFU/L(normal flora)---no further work up

(confirm count from | <10 x 10° CFU/L(potential pathogen)---ID & STF
0.001 ml volume)

0.001 ml 1-9 <10 x 10° CFU/L(normal flora)---no further work up
(1 pb <10 x 10° CFU/L(potential pathogen)---ID & STF
310 310 x 10° (normal flora)---no further work up

310 x 10° (potential pathogen)---ID & STF

REPORTING GUIDELINES

Note: ! significant aerobic counts should be reported within 24 hours.

! non-significant aerobic counts should not be reported until anaerobic
counts are available if anaerobic culture was requested

1. No growth observed.

2. Less than 10 x 10° CFU/L; No significant growth (LIS=L10106 NG)

3. Less than 10 x 10° CFU/L of (Organisms consistent with normal respiratory
flora) (LIS=NRF: L10106)

4. Less than 10 x 10° CFU/L of (Potential Pathogen) | ID and STF {record as
10°CFU/ml in the case report form

5. Greater than 10 x 10° CFU/L of JID and STF {record as 10* CFU/ml in the

case report form
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EDITORIALS

Diagnosis of Ventilator-Associated Pneumonia
Marin H. Kollef, M.D.

In this issue of the Journal, Heyland et al., writing
for the Canadian Critical Care Trials Group, re-
port the results of a multicenter, randomized trial
comparing the use of bronchoalveolar lavage and
endotracheal aspiration for the diagnosis of ven-
tilator-associated pneumonia.® This study was
part of a larger 2-by-2 factorial design also com-
paring empirical antimicrobial monotherapy (a car
bapenem) and combination therapy (a carbapen-
em plus a fluoroquinolone). The authors conclude
that bronchoalveolar lavage and endotracheal as-
piration are associated with similar clinical out
comes and similar overall use of antibiotics. How-
ever, several important limitations of the study
must be appreciated in order to place it into prop-
er context.

Heyland et al. restricted the patient popula-
tion and the pathogens evaluated in their study.
Of the 2531 screened patients, 307 (12.1%) were
excluded because they were already colonized or
had a respiratory tract infection with an organ-
ism not sensitive to one of the study drugs, and
706 (27.9%) were excluded because they were inr
munocompromised, had already received one of
the study drugs, or had a chronic disease. There-
fore, at least 40% of the screened patients who
were excluded had risk factors for colonization
or infection with potentially antimicrobial-resis-
tant bacteria. Unfortunately, these exclusions
probably represent the majority of patients un-
dergoing real-time evaluation for suspected ven-
tilator-associated pneumonia.?>

Initial administration of an appropriate anti-
microbial regimen (i.e., one to which the patho-
gens are sensitive, on the basis of in vitro sus-
ceptibility testing) in patients with suspected
ventilator-associated pneumonia should be re-
garded as one of the primary determinants of
in-hospital outcome. Use of an initial antimicro-

bial regimen that is inappropriate for the micro-
organisms causing ventilator-associated pneu-
monia has been associated with a significantly
greater risk of death than use of an appropriate
initial regimen.®” These findings strongly sug-
gest that initial antimicrobial therapy for venti-
lator-associated pneumonia and other serious
infections should be selected according to the
presence or absence of risk factors for infection
associated with health care (e.g., recent hospitak
ization, admission from a chronic care environ-
ment, current hemodialysis, immunocompromised
state, late-onset infection, or prior use of antimk
crobial agents during the current period of hospi
talization).>® Initial antimicrobial regimens in
patients with suspected ventilator-associated pnew
monia who have these risk factors should appro-
priately treat potentially resistant pathogens, in-
cluding methicillin-resistant Staphylococcus aureus
(MRSA) and Pseudomonas aeruginosa.?

The guidelines for the management of nos-
ocomial pneumonia, recently published by the
American Thoracic Society and the Infectious Dis
eases Society of America, propose a de-escalation
approach to treatment that attempts to address
the need for balancing appropriate initial anti-
microbial therapy and emerging antibiotic resis-
tance.® In patients with clinically suspected ven-
tilator-associated pneumonia, specimens should
be obtained from the respiratory tract for micro-
biologic processing, followed by the timely ad-
ministration of an empirical antimicrobial regi-
men selected according to the presence or absence
of risk factors for infection with antimicrobial-
resistant bacteria. Microorganism identification
and antibiotic susceptibility testing should also
be conducted so that the use of antimicrobial
agents can be deescalated when appropriate. An
important caveat in applying this guideline is that
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hospitals should use their own local microbio-
logic data to formulate appropriate initial treat
ment regimens.°

In addition to administering an initial anti-
microbial regimen that is likely to be active against
the pathogens causing infection, the clinician has
the obligation to minimize future emergence of
antimicrobial resistance. De-escalation promotes
both the narrowing of the initial antimicrobial
regimen once the microbiologic data become avail
able and the use of antimicrobial therapy for the
shortest duration that is clinically effective. Bron
choalveolar lavage is a tool used to facilitate mod
ification of initial antimicrobial treatment regi-
mens for ventilator-associated pneumonia. The
airway of a patient receiving mechanical venti-
lation is commonly colonized with potentially
pathogenic bacteria. Consequently, the testing of
secretions obtained from an endotracheal tube
or tracheostomy tube cannot consistently differ-
entiate between upper airway colonization and
lower respiratory tract infection.'® Sampling meth-
ods that minimize contamination from the upper
airway (e.g., bronchoalveolar lavage or protected
brush catheter sampling) offer the advantage of
establishing a more precise microbiologic diagno-
sis of ventilator-associated pneumonia to guide
subsequent changes in antimicrobial therapy.*

Heyland et al. found that the use of bronchoak
veolar lavage did not influence in-hospital mor-
tality or length of stay as compared with endo-
tracheal aspiration. However, the main potential
effect of bronchoalveolar lavage is to permit the
de-escalation or cessation of unnecessary anti-
microbial therapy on the basis of microbiologic
findings, especially when initial broad-spectrum
antimicrobial agents are prescribed for patients
at risk for infection with resistant bacteria.®1°
The exclusion of patients colonized or infected
with MRSA, P. aeruginosa, and other multidrug-
resistant pathogens diminishes the usefulness of
the results of Heyland et al. for clinical decision
making. There is less concern about administer-
ing inappropriate initial antimicrobial therapy
when the risk of infection with resistant patho-
gens is low, thus allowing for the initial use of
more narrow-spectrum antimicrobial agents. The
culture of bronchoalveolar-lavage fluid is more
likely to result in modification of prescribed
broad-spectrum regimens than is the culture of
an endotracheal aspirate.

Clinicians appear to be confident that the cuk
ture of bronchoalveolar-lavage fluid, as compared

with endotracheal aspirate, for the microbiologic
diagnosis of ventilator-associated pneumonia ac-
tually reflects the presence or absence of ventila
tor-associated pneumonia and the etiologic agents
of the infection.’® A meta-analysis was recently
conducted of four randomized trials comparing
lower respiratory tract sampling and quantitative
culture with clinical criteria for the diagnosis of
ventilator-associated pneumonia; the likelihood
of modifying initial antimicrobial therapy in the
sampling group was almost three times that in
the clinical-criteria group.'? However, in patient
populations with a low prevalence of infection or
colonization with antibiotic-resistant bacteria, the
use of endotracheal aspiration should suffice,
since initial empirical treatment with broad-spec
trum antimicrobial agents is not required.

In addition to the narrowing of initially pre-
scribed broad-spectrum antimicrobial regimens
on the basis of microbiologic data, the shorten-
ing of the duration of antibiotic treatment is an
important component of de-escalation. Patterns
of excess administration of antibiotics, especially
beyond 7 or 8 days in patients receiving mechan
ical ventilation, have been linked with subsequent
infection with potentially resistant bacteria® These
findings suggest that clinicians caring for pa-
tients with suspected ventilator-associated pneu-
monia should use antimicrobial treatment strat
egies that minimize the prolonged and potentially
unnecessary administration of antibiotics, in or-
der to curtail resistance.®1%11

In summary, given the rapid emergence of arr
timicrobial resistance and the limited number of
new antimicrobial agents, clinicians treating pa
tients with suspected ventilator-associated pneu-
monia not only must prescribe appropriate ini-
tial antimicrobial regimens to optimize outcomes
but also must minimize the development of re-
sistance by rigorously using a de-escalation strat
egy. When applied properly, bronchoalveolar la-
vage and endotracheal aspiration are tools that
can facilitate de-escalation.

Dr. Kollef reports receiving consulting fees or honoraria from
Pfizer, Merck, Kimberly Clark, and Elan, and grant support from
Pfizer, Merck, Elan, and Bard Medical. No other potential con-
flict of interest relevant to this article was reported.
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Carbapenems for Surgical Prophylaxis?
Daniel J. Sexton, M.D.

In this issue of the Journal, Itani and colleagues!
describe a study in which 1002 patients were ran-
domly assigned to receive either ertapenem or
cefotetan in a single dose before elective colorec
tal surgery. Many experienced surgeons and hos-
pital epidemiologists will probably be surprised
that the overall rate of failure in the modified in
tention-to-treat analysis was approximately 40%
for patients receiving ertapenem and 50% for
those receiving cefotetan. A possible explanation
for these high failure rates is that the authors of
the study, unlike those of most previous trials, in
cluded unexplained use of postoperative antibi-
otics and anastomotic leaks in their definition of
prophylaxis failure. However, this fact does not
explain why nearly one in six patients receiving
ertapenem and approximately one in four patients
receiving cefotetan had a surgical-site infection.
These rates are substantially higher than those
reported by the National Nosocomial Infections
Surveillance System and our infection-control
network of 36 community hospitals.? Although
the authors cite previous reports with similarly
high rates of surgical-site infection with cefotetan,
most studies examining outcomes of colorectal
surgery have reported lower rates of infection.?

The high rates of surgical-site infection re-
ported by Itani et al. may relate to a combina-
tion of factors. For example, more than a quar
ter of the patients were obese, and as in other

studies,»> obesity was identified as an indepen-
dent risk factor for surgical-site infection. Failure
of antibiotic therapy in many obese patients
may be related both to technical factors, such as
inadequate obliteration of nonvascularized “dead
space” during wound closure, and to inadequate
administration of antibiotics and subsequent low
drug levels in serum and tissue at the end of long
procedures.® Other surgery-related factors that
could have contributed to the high rates of post
operative infection were inappropriate (or inap-
propriately early) removal of hair, technical errors
(such as bowel perforation or spillage of fecal
material), the failure to maintain normothermia,
and uncontrolled hyperglycemia during the peri
operative period. The Surgical Infection Preven-
tion and Surgical Care Improvement Projects have
emphasized the need for careful management of
these factors in preventing infections after colo-
rectal surgery.” Thus, it is important to remem-
ber that the selection of an antimicrobial agent
as prophylaxis is only one of many considerations
in reducing rates of postoperative infection.
Even though the authors demonstrated that
ertapenem was superior to cefotetan in this trial,
is it reasonable to conclude that ertapenem should
be a preferred agent for prophylaxis before colo-
rectal surgery? Only one third of Medicare patients
undergoing colorectal surgery currently receive ce
fotetan as prophylaxis,” and there are numerous
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Diagnosis of Ventilator-Associated Pneumonia

Diagnosis of Ventilator-Associated Pneumonia . Dr. Kollef’s disclo-
sure statement should have read “Dr. Kollef reports receiving con-
sulting fees or honoraria from Pfizer, Merck, Kimberly Clark, and
Elan, and grant support from Pfizer, Merck, Elan, and Bard Medi-
cal. No other potential conflict of interest relevant to this article was
reported.” The text has been corrected on the Journal’s Web site at
www.nejm.org.

N Engl J Med 2007;356:1283-a

Downloaded from www.nejm.org by JOHN VOGEL MD on May 21, 2009 .
Copyright © 2006 Massachusetts Medical Society. All rights reserved.



University of Pittsburgh

H !
Trapo®”

Evidence-Based Medicine Journal Club

Available online at: http://ccforum.com/content/13/3/303

Department of Critical Care Medicine

EBM Journal Club Section Editor: Eric B. Milbrandt, MD, MPH

Journal club critique

Diagnostic techniques for ventilator-associated pneumonia:

Conflicting results from two trials

Younghoon Kwon ', Eric B. Milbrandt?, and Sachin Yende?

' Clinical Fellow, Department of Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania, USA
2 Assistant Professor, Department of Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania, USA

Published online: 14" May 2009
This article is online at http://ccforum.com/content/13/3/303
© 2009 BioMed Central Ltd

Expanded Abstract
Citation

A randomized trial of diagnostic techniques for ventilator-
associated pneumonia. N Engl J Med 2006, 355:2619-2630

(11
Background

Critically ill patients who require mechanical ventilation are
at risk for ventilator-associated pneumonia. Current data are
conflicting as to the optimal diagnostic approach in patients
who have suspected ventilator-associated pneumonia.

Methods

Objective: To compare the quantitative culture of
bronchoalveolar-lavage fluid and nonquantitative culture of
endotracheal aspirate in critically ill patients with suspected
ventilator-associated pneumonia, testing the hypothesis that
bronchoscopy with quantitative culture would be associated
with lower mortality rates and less use of antibiotics.

Design: Multi-center non-blinded randomized controlled
trial.

Setting: 28 intensive care units (ICUs) across Canada and
the United States.

Subjects: 740 immunocompetent critically ill adult patients
with suspected ventilator-associated pneumonia after 4
days in the ICU. Patients known to be colonized or infected
with  Pseudomonas species or methicillin-resistant
Staphylococcus aureus were excluded.

Intervention: Using a 2-by-2 factorial design, subjects were
randomly assigned to a) undergo bronchoalveolar lavage
with quantitative culture of the bronchoalveolar-lavage fluid
or endotracheal aspiration with nonquantitative culture of
the aspirate, and to b) receive empirical combination

Critical Care 2009, 13:303 (DOI: 10.1186/cc7797)

antibiotic therapy or monotherapy. Empirical antibiotic
therapy was initiated in all patients until culture results were
available, at which point a protocol of targeted therapy was
used for discontinuing or reducing the dose or number of
antibiotics, or for resuming antibiotic therapy to treat a pre-
enrollment condition if the culture was negative.

Outcome: The primary outcome was 28-day mortality.
Secondary outcomes included ICU and hospital survival,
duration of mechanical ventilation, response to clinical and
microbiologic treatment, discontinuation of antibiotics after
culture results known, and other measures of antibiotic use.

Results

There was no significant difference in 28-day mortality rate
between the bronchoalveolar-lavage group and the
endotracheal-aspiration group (18.9% and 18.4%,
respectively; P=0.94). The bronchoalveolar-lavage group
and the endotracheal-aspiration group also had similar rates
of targeted therapy (74.2% and 74.6%, respectively;
P=0.90), days alive without antibiotics (10.4+/-7.5 and
10.6+/-7.9, P=0.86), and maximum organ-dysfunction
scores (mean [+/-SD], 8.3+/-3.6 and 8.6+/-4.0; P=0.26). The
two groups did not differ significantly in the length of stay in
the ICU or hospital.

Conclusions

Two diagnostic strategies for ventilator-associated
pneumonia--bronchoalveolar lavage with quantitative
culture of the bronchoalveolar-lavage fluid and endotracheal
aspiration with nonquantitative culture of the aspirate--are
associated with similar clinical outcomes and similar overall
use of antibiotics. (Current Controlled Trials number,
ISRCTN51767272.)
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Commentary

Ventilator-associated pneumonia (VAP) is common, costly,
and associated with increased morbidity and mortality.
Diagnosis of VAP is based on clinical suspicion and
microbiologic confirmation of a sample obtained from the
lower respiratory tract. Several methods are available to
sample lower respiratory tract secretions, including “non-
invasive” sampling via endotracheal aspirate (ETA) and
“invasive” sampling via bronchoscopy using either a
protected specimen brush or bronchoalveolar alveolar
lavage (BAL). Debate exists regarding the best sampling
approach. However, in the absence of a gold standard to
diagnose VAP, a rigorous comparison of different diagnostic
techniques is challenging [2]. Therefore, focus has shifted to
evaluating the effects of different diagnostic strategies on
clinical outcomes, such as use of antibiotics, length of stay,
and mortality.

Randomized trials comparing invasive versus non-invasive
approaches have produced conflicting results. Three small
(n<100) single center trials suggest no difference in
mortality for patients managed using invasive versus non-
invasive approaches [3-5]. Yet, these studies were
underpowered to detect differences in mortality. In contrast,
a large multi-center French study of 413 patients with
suspected VAP showed that an invasive approach reduced
14-day mortality, organ dysfunction, and antibiotic use [6].

In the current study, the Canadian Critical Care Trials Group
conducted the largest randomized trial to date comparing
invasive and noninvasive VAP diagnostic techniques [1].
This is a multi-center trial in 740 patients with suspected
VAP in which they tested the hypothesis that quantitative
culture of BAL fluid would be associated with lower mortality
rates and increased use of targeted antibiotic therapy
compared to non-quantitative cultures using ETA.
Importantly, patients known to be colonized or infected with
pseudomonas species or methicillin-resistant
Staphalococus. aureus (MRSA) were excluded. Once
diagnostic sampling was performed, subjects were
randomly assigned to one of two empiric antibiotic
regimens, meropenem and ciprofloxacin vs. meropenem
alone, in a two-by-two factorial design. Antibiotics were then
adjusted by the clinical team once culture results were
known. There were no differences between diagnostic
strategy groups for either clinical outcomes (28-day
mortality, organ dysfunction scores, or length of say) or
measures of antibiotic use. The initial empiric antibiotic(s)
subjects were randomized to did not alter these findings.

Why did these two large seemingly similar multi-center
studies vyield different results [1,6]? It is important to
recognize differences in the study design between the
French and Canadian studies. The criteria to initiate and de-
escalate antibiotic therapy differed. In the French study,
initial antibiotic therapy, including the decision to withhold all
antibiotics, was guided by the results of the Gram-stained
respiratory specimen. If no organisms were present and
there were no signs of severe sepsis, antibiotics could be

withheld. The Canadian study used broad spectrum initial
antibiotic therapy in all subjects. This practice to administer
prompt antibiotics in patients suspected to have VAP is
consistent with current guidelines, though the use of broad
spectrum antibiotics in patients at low risk of Pseudomonas
or MRSA infections is not recommended [7]. It is therefore
not surprising that the initial antibiotic strategy was judged
as adequate (based on organism cultured) in nearly 90% of
subjects in the Canadian study, irrespective of diagnostic
strategy. This is in contrast to the French study, where the
cultured organism(s) was not susceptible to initial antibiotic
therapy in 1% of the invasive group, but 13% of the non-
invasive group (p<0.001). Furthermore, because antibiotics
could be withheld in the French study, it is also not
surprising that this study showed reduced antibiotic use with
an invasive approach, while the Canadian study did not.

Another key difference between the two studies is the
eligibility criteria. In the Canadian study, excluded were
patients known to be colonized or infected with
pseudomonas species or MRSA, pathogens which were
likely not susceptible to their initial empiric antibiotic
regimens. The authors note this was to permit
standardization of empirical antibiotic treatment such that
any differences in observed outcomes could be better
attributed to the diagnostic strategy. As pointed out by
others, patients at risk for infection with these pathogens
may be the ones most likely to benefit from an invasive
diagnostic approach [8]. Though there is some face-validity
to this argument, it remains unproven. Interestingly, in a pre-
specific subgroup analysis, the authors of the Canadian
study found a non-significant tendency toward increased
mortality in the invasive group when these high-risk
pathogens were present.

These studies yet again emphasize that no diagnostic test,
whether it be a thermometer, pulmonary artery catheter,
bronchoscope, or biomarker, will improve outcomes unless
its provides data that drives management decisions that in
turn improve outcomes.

Recommendation

Current evidence does not support use of invasive
techniques over non-invasive approaches to diagnose VAP
in most patients [9,10], with the possible exception of those
at high risk of multi-drug resistant infections. It is important
to remember that the most important strategy is to initiate
prompt, appropriate antimicrobial therapy when VAP is
suspected and to de-escalate or adjust the therapy as soon
as culture results become available [7].
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CORRESPONDENCE

Diagnosis of Ventilator-Associated Pneumonia

TOo THE EDITOR: Heyland and colleagues, on be-
half of the Canadian Critical Care Trials Group
(Dec. 21 issue),! report on the comparison between
bronchoalveolar lavage and endotracheal aspira-
tion for the diagnosis of ventilator-associated pnew-
monia. The two techniques were associated with
similar clinical outcomes and similar overall an-
tibiotic use. However, 105 (28.8%) of the 365 pa-
tients in the bronchoalveolar-lavage group had
received new antibiotics within 3 days before ran-
domization, probably after the onset of the first
symptoms related to ventilator-associated pneu-
monia. Since these patients were different from
the rest of the patients,>3 we wonder how decisions
concerning their antimicrobial treatment were
made. Furthermore, we would like to emphasize
that on day 6, the rate of targeted therapy was only
74.2% in the bronchoalveolar-lavage group; thus,
many patients in this group did not undergo early
treatment de-escalation, even though it was indi-
cated on the basis of the microbiologic results.
More information on the application of decision
algorithms in the bronchoalveolar-lavage group
and the endotracheal-aspiration group after cul-
ture results were available (as early as day 3) would
be informative. Obviously, the potential benefit of
using a diagnostic tool, such as bronchoalveolar
lavage, to restrict unnecessary use of antibiotics
safely in this setting can be achieved only when
decisions regarding antimicrobial therapy reflect
the culture results.*
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75651 Paris, France
jean.chastre@psl.aphp.fr
Jean-Yves Fagon, M.D.

Hépital Européen Georges Pompidou
75908 Paris, France
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TO THE EDITOR: The Canadian Critical Care Tri-
als Group compared quantitative culture of bron-
choalveolar-lavage fluid with nonquantitative cul-
ture of endotracheal aspirate for the diagnosis of
ventilator-associated pneumonia. The diagnostic
confirmation was considered to be acceptable if
the pretest probability of ventilator-associated
pneumonia was high, even if the culture of bron-
choalveolar-lavage fluid had a level of less than 10*
colony-forming units per milliliter, the level used
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as a nonquantitative test. This approach contrib-
uted to the finding of a higher proportion of con-
firmed cases of ventilator-associated pneumonia
in the bronchoalveolar-lavage group than in the en-
dotracheal-aspiration group (86.3% and 82.9%, re-
spectively). The pretest opinion obviously played
an important role and contributed to the clinicians’
providing antibiotic treatment for all the bacteria
identified, including bacteria detected in nonsig-
nificant quantities.

Benoit Misset, M.D.
Maité Garrouste-Orgeas, M.D.

Jean Carlet, M.D.
Groupe Hospitalier Paris Saint-Joseph

75014 Paris, France

TO THE EDITOR: The exclusion of patients known
to be colonized with methicillin-resistant Staphy-
lococcus aureus or pseudomonas species severely lim-
its the usefulness of the data reported by the Ca-
nadian Critical Care Trials Group, since these are
the pathogens most commonly reported to cause
ventilator-associated pneumonia. It is disappoint
ing that the study investigators did not follow
current guidelines for ventilator-associated pneu-
monia, according to which empirical treatment
is based on the risk of infection with multidrug-
resistant pathogens.! Patients at risk for infection
with such pathogens are most likely to benefit
from the bronchoalveolar lavage.>3 If all patients
with suspected ventilator-associated pneumonia
are treated with broad-spectrum antibiotics, differ-
ence between the groups will of course be mini-
mal, regardless of the diagnostic technique. We
hope that readers will not embrace treatment with
meropenem with or without ciprofloxacin for all
patients with suspected ventilator-associated pneu-
monia.

Paul E. Marik, M.D.
Michael Baram, M.D.

Thomas Jefferson University
Philadelphia, PA 19107
paul.marik@jefferson.edu
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2. Kollef MH. Inadequate antimicrobial treatment: an impor-
tant determinant of outcome for hospitalized patients. Clin In-
fect Dis 2000;31:Suppl 4:5131-S138.

3. TrouilletJL, Chastre J, Vuagnat A, et al. Ventilator-associated
pneumonia caused by potentially drug-resistant bacteria. Am J
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THE AUTHORS REPLY: In response to Chastre and
Fagon: patients partially treated for ventilator-
associated pneumonia were excluded from the
study. However, excluding patients with recent
changes in antibiotics would have seriously lim-
ited the generalizability of our findings. We con-
ducted a subgroup analysis based on the presence
or absence of prior antibiotic exposure but did
not observe any suggestion of a benefit from bron-
choscopy in the patients with prior exposure.

An antibiotic-management algorithm delineat-
ing de-escalation therapy was provided to all cli-
nicians. In both study groups, the median duration
of study antibiotic use was 3 days (interquartile
range, 2 to 5), indicating that the algorithm was
applied early after enrollment. Since for some in-
tensive care units, there were delays in reporting
culture results, we allowed up to 5 days after ran-
domization before determining whether the tar-
geted therapy had been administered. On day 6, the
rates of targeted therapy were similar in the bron-
choalveolar-lavage group and the endotracheal-
aspiration group. Recalculating rates of targeted
therapy on the basis of the first 3 days showed no
significant difference between bronchoalveolar la-
vage with quantitative cultures (45.2%) and en-
dotracheal aspiration (51.1%) (P=0.10).

We agree with Misset et al. that pretest prob-
ability estimates of ventilator-associated pneumo-
nia influence management decisions, since culture
results are not a reference standard for infection
and are influenced by prior antibiotic use. In this
trial, as in practice, many clinicians interpreted
the quantitative results of the analysis of bron-
choalveolar-lavage fluid conservatively; for patients
with a high pretest probability of ventilator-asso-
ciated pneumonia, a pathogen yielding less than
10* colony-forming units per milliliter was still
treated. But clinicians did not provide antibiotic
treatment for all bacteria identified in this trial.
Among the patients in the two study groups who
had positive cultures, all antibiotics were discon-
tinued by day 6 in 8.7% of the patients in the
bronchoalveolar-lavage group and 11.3% of those
in the endotracheal-aspiration group, and the
study antibiotics were discontinued by day 6 in
56.9 and 56.2%, respectively.

Marik and Baram refer to our exclusion of pa-
tients known to be colonized or infected with
methicillin-resistant S. aureus or pseudomonas spe-
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cies. Nonstandardized empirical antibiotic ther-
apy has confounded the interpretation of findings
in some previous trials of the diagnosis of ventila
tor-associated pneumonia. Therefore, the initial
antibiotic therapy in our trial, consisting of me-
ropenem with or without ciprofloxacin, served to
standardize empirical treatment until culture re-
sults became available. Patients with known
pathogens not susceptible to these drugs were
excluded; thus, differences observed in outcomes
could be better attributed to the diagnostic strat
egy. It is important not to interpret the use of
these antibiotics as clinical recommendations for
the treatment of ventilator-associated pneumonia.
The treatment guidelines of the American Tho-

racic Society were published after our trial had
been completed.
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Lapatinib plus Capecitabine in Breast Cancer

To THE EDITOR: In the trial reported by Geyer et
al. (Dec. 28 issue),* which compared capecita-
bine alone with a combination of lapatinib and
capecitabine in women with HER2-positive ad-
vanced breast cancer, approximately 60% of pa-
tients had received trastuzumab within the pre-
vious 8 weeks. It is possible that the activity of
lapatinib was enhanced by the persistence of trastu-
zumab levels in blood. Earlier studies of the phar-
macokinetics of trastuzumab administered weekly
or every 3 weeks indicate that the drug’s half-life
is 3 to 4 weeks, although this may be an under-
estimate. Therefore, synergism between lapatinib
and trastuzumab, leading to a more complete
blockade of the HER2 pathway, cannot be ex-
cluded and may partly account for the impres-
sive improvement in outcomes with the combined
regimen.

Guru Sonpavde, M.D.

U.S. Oncology Research
Houston, TX 77598
guru.sonpavde@usoncology.com

1. Geyer CE, ForsterJ, Lindquist D, etal. Lapatinib plus capecitabi-
ne for HER2-positive advanced breast cancer. N EnglJ Med 2006;
355:2733-43.

THE AUTHORS REPLY: We agree that many of the
patients entering our trial probably had persistent
levels of trastuzumab, which could have enhanced
the activity of lapatinib. An exploratory analysis to
determine whether the interval from the last dose
of trastuzumab to randomization affected the ac-
tivity of lapatinib was planned as a component of
a subsequent updated analysis of the overall trial
data. However, to provide a response to Sonpavde’s
question, we proceeded with an analysis of data

Progression.*

Table 1. Effect of the Interval between the Administration of Trastuzumab and Randomization on Time to Disease

Interval between Last
Trastuzumab Dose

and Randomization  Lapatinib plus Capecitabine Capecitabine Alone (95% ClI) P Value
No. Median Time No. Median Time
of Patients  to Progression  of Patients  to Progression
wk wk
<8 Wk 98 36.7 94 19.7 0.54 (0.34-0.86) 0.007
>8 Wk 59 39.3 60 14.6 0.48 (0.26-0.88) 0.01

Hazard Ratio

* P values were calculated by the log-rank test. Cl denotes confidence interval.
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