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Introduction

The challenge facing clinicians during the management of
ventilator-acquired pneumonia (VAP) includes both the
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Abstract Background: The
management of suspected ventilator-
associated pneumonia (VAP) is
traditionally based on either a clini-
cal or a “bacteriological” approach.
Direct examination of specimens
may provide a valuable help to
both approaches. Objective: The
objective was to test an algorithm
for the management of suspected
pneumonia based on severity criteria
and Gram stains of specimens,
including early treatment of patients
with a positive Gram stain of a pro-
tected telescoping catheter specimen
and awaiting culture results in pa-
tients with either Gram stains of
endotracheal aspirate and protected
specimen both being negative, or
only positive endotracheal aspirate
(EA), except in the presence of the
severity criteria. Methods: Ob-
servational study including 76 first
episodes of suspected pneumonia
in 4 units. We assessed the rates of
correctly diagnosed episodes and

of those treated empirically (i.e.,
ultimately confirmed pneumonia),
or appropriately not receiving such
therapy (non-confirmed pneumo-
nia), based on protected specimen
culture results. Results: When
adhered to, the algorithm allowed
early appropriate management in
80% of patients, including 83% of
those with confirmed pneumonia,
and 74% of those without confirmed
infection. The rate of appropriately
managed episodes using this al-
gorithm was significantly higher
than that using a strategy based on
the modified clinical pulmonary
infection score (CPIS) alone (80
vs. 50%, p < 0.001). The empiric
regimen was adequate in 86% of
confirmed episodes. Conclusion:
A strategy based on severity criteria
and Gram stain examination of
respiratory tract specimens allows
correct identification and appropriate
management of more than 80% of
mechanically ventilated patients
who need or do not need therapy for
suspected pneumonia.

Keywords Pneumonia - hospital-
acquired - Diagnostic tests - Antibi-
otic therapy

requirement for early appropriate antimicrobial therapy
when necessary [1], and the need to avoid unnecessary
antibiotic prescriptions in patients not needing such
therapy [2, 3]. Indeed, the impact on outcome of patients



of providing early and appropriate antibiotic therapy for
pneumonia has been recently emphasized [4, 5, 6]. Thus,
strategies contributing to an early accurate diagnosis
of pneumonia in mechanically ventilated patients are
clinically important.

The so-called clinical and microbiological approaches
to the management of suspected pneumonia remain in
opposition [7]. In the former approach [7, 8], the decision
to treat and maintain therapy is based on the clinical
probability of pneumonia (defined from the usual clinical
and radiological criteria), which may include calculation
of the Clinical Pulmonary Infection Score (CPIS), as orig-
inally described by Pugin et al. [9] or modified [10, 11].
However, the clinical criteria for VAP are overly sensitive,
which results in excessive antibiotic use [12]. Even
refining the score by including Gram stains of respira-
tory secretion specimens in its calculation may result
in over-diagnosing VAP [10]. Other authors emphasize
that microbiological findings from selected respiratory
tract secretions samples [3, 13, 14] should play a central
role in the definitive diagnosis of pneumonia, allowing
unnecessary antibiotic use to be reduced while ensuring
treatment for patients who really need it [3, 15, 16].
However, culture results are available late relative to
the clinical suspicion of pneumonia, and several studies
suggest that changes in therapy based on such results do
not improve the outcome of patients [5, 6, 17]. Simple
techniques allowing pneumonia to be confirmed or ruled
out at an early stage of management would thus be
clinically useful.

The potential value of Gram stain examination of
respiratory tract samples has been rarely assessed. In
previous studies describing protected sampling techniques
such as the protected telescoping catheter (PTC), Gram
stain examination of specimens showed poor sensitivity
and high specificity for detecting culture-positive sam-
ples [14]. Conversely, the sensitivity of Gram staining
of non-protected specimens (endotracheal aspirate, EA)
appears high, while its specificity is poor [18]. Therefore,
the two techniques could be complementary in the diag-
nostic approach. Blot et al. [19] have suggested that the
combination of direct examination of the two samples
would help in the early management of suspected VAP.
In the light of their results, they proposed a decision tree
using Gram stain examination of both EA and PTC, to
guide empiric therapy when needed, and to avoid to a large
extent unnecessary therapy.

The aim of this prospective observational multicenter
study was to confirm the value of the combination of
Gram stain examination of both EA and PTC for the
early diagnosis of VAP and to assess the performance
of the algorithm proposed by Blot et al. in the initial
management of suspected VAP.
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Materials and methods

The study was performed in 4 ICUs (2 medical ICUs,
1 surgical ICU, and 1 mixed ICU) between January
2002 and December 2003. The study was approved by
the Ethics Committee of the Société de Réanimation de
Langue Francaise, and informed consent was waived.

The following parameters were recorded in patients
with clinically suspected pneumonia (please refer to
the ESM for details): demographic data, ICU admission
diagnosis and severity [20], and severity scores [21, 22]
at the time of suspected pneumonia. The CPIS was also
calculated on the day of inclusion (see ESM, Table S1) ac-
cording to Singh et al. [11], and after including EA Gram
stain examination (CPIS-EA Gram) or PTC Gram stain
examination (CPIS-PTC Gram) [10]. Severity criteria for
VAP were defined as extensive lung involvement or severe
hypoxemia (PaO,/FiO; ratio less than 200), or occurrence
of severe sepsis or shock.

Sampling techniques and definitions

Lower respiratory tract samples were obtained on the
day of clinical suspicion of pneumonia. An EA was
first obtained for Gram staining only. A PTC was then
performed as previously described [14], for Gram staining
and quantitative culture (ESM, Figure S1). The sensitivity,
specificity, predictive positive and negative values of
EA and PTC Gram stains were calculated according to
a positive culture of the PTC, defined as the recovery of at
least 10° cfu/ml of a potential pathogen [10, 14, 19, 23].

Algorithm tested

As proposed by Blot et al. [19], four situations were con-
sidered, each corresponding to a recommendation for ini-
tiating therapy (Fig. 1):

1. When the PTC Gram stain was positive, pneumonia
was considered very likely; empiric therapy was ini-
tiated, and therapy secondarily adapted to PTC culture
results to maintain, modify or stop therapy;

2. When EA Gram stain examination was negative (as
well as direct examination of PTC), the probability of
pneumonia was low, and empiric antimicrobial treat-
ment was withheld pending PTC culture results;

3. The Gram stain of PTC was negative and Gram stain of
EA was positive:

a) Empiric antimicrobial treatment was introduced if
patients had severity criteria;

b) Empiric antimicrobial treatment could be withheld
in the absence of such criteria.



678

Fig.1 Algorithm tested, defining four Case 1 Case 2 Case 3
situations based on severity criteria and
Gram stains of the protected telescoping l l l
catheter (PTC) and endotracheal aspirate
(EA) Positive PTC Negative EA Negative PTC Gram
Gram stain Gram stain Positive EA Gram stain
Treat empirically Withhold therapy Severity
criterig

A

Empiric antibiotic regimens

A recommended first-line empiric antimicrobial regimen
was defined at each center, based on local epidemiologi-
cal data, the time of occurrence of suspected VAP relative
to initiation of mechanical ventilation (early-onset, i.e., be-
fore day 7; or late-onset, after 7 or more days), recent hos-
pitalization, and prior antibiotic therapy [7, 24] (see the
ESM for details).

Analysis

The primary end-point was the accuracy of the deci-
sional tree in terms of the decision to treat or not (i.e.,
to predict the presence of VAP). Secondary end-points
were the adequacy of empirical therapy, based on the
algorithm proposed, according to final PTC culture
results and susceptibility of the organisms recovered.
This was examined both according to therapy actually
administered and when considering 100% adherence to
the recommended regimens. Mortality rate at 15 days
and duration of MV and of ICU stay were examined
in patients with confirmed VAP and according to the
adequacy of the empiric antibiotic regimen actually
administered.

Data were recorded on Epi-Info 2000 (CDC, Atlanta,
GA, USA) and statistical analyses conducted using
Statview Software (SAS Institute, Berkeley, CA, USA).
Continuous variables were described by their means and
standard deviations (SD), and compared using Student’s
t test or Mann—Whitney U-test, when appropriate. Qual-
itative variables were described by their frequency and
compared using the chi-squared test. A value of p < 0.05
was considered significant.

Results

Patients

We studied 78 patients with suspected VAP, 76 of whom
were evaluable (2 patients were excluded because of miss-
ing data). The 76 patients had a mean age of 59 &£ 15 years,
a mean ICU admission SAPS II of 42 £ 17, and 13 (17%)
patients had shock. Their overall mean duration of MV and
length of ICU stay were 30 &= 29 and 43 £ 36 days respec-
tively, and 32 patients (42%) died in the ICU. Patients had
received MV for 10 % 8.8 days at the time of VAP suspi-
cion (Table 1); 44 episodes (58%) were late-onset; and 57
(75%) patients had received antibiotics for 2 days or more
within the preceding 15-day period (see the ESM for de-
tails).

Microbiological results and concordance with the
algorithm tested

The direct examinations of EA and PTC were posi-
tive in 53 (70%) and 36 (47%) episodes respectively.
Forty-one (54%) PTC specimen cultures grew 10> cfu or
more, including 30 (73%) monomicrobial and 11 (27%)
polymicrobial episodes (ESM, Table S2). Potentially re-
sistant pathogens were recovered from 16 (29%) patients.
Gram stain examination and PTC culture results were
concordant in 35 (92%) cases, partially so in 2 (5%), and
discordant in 1.

Figure 2 shows the distribution of patients according to
the results of Gram stain examinations and the final diag-
nosis (see the ESM for details). Of the 36 (47%) patients
with a positive PTC Gram stain examination, 30 (83%) had
confirmed VAP, and of the 21 patients with negative Gram



Table 1 Clinical features of 76
patients with a first episode of
suspected ventilator-associated
pneumonia (VAP) at time of
inclusion. SAPS simplified acute
physiologic score [20], SOFA
sepsis-related organ failure
assessment score [21], CPIS
clinical pulmonary infection
score, modified according to
Singh et al. [11]

SAPS II, mean

SOFA, mean

Severe sepsis or shock, n
Pa0,/FiO;, mmHg
Temperature, °C

Leukocytosis, per mm?>

Simplified CPIS score, <6/> 6)

stain examination of both EA and PTC, only 3 had posi-
tive PTC culture. In the remaining 19 (25%) episodes, EA
Gram stain examination was positive whereas PTC Gram
stain examination was negative; 8 (42%) had positive PTC
cultures, including 4 of the 7 (57%) patients with sever-
ity criteria and 4 of the remaining 12 (33%) without such
criteria.

Combining EA and PTC Gram stain examinations
according to the algorithm tested resulted in sensitivity,
specificity, and positive and negative predictive values for
VAP of 83%, 74%, 79%, and 79% respectively (Fig. 2,
Table 2), thus allowing the need for empiric therapy of
34 out of 41 (83%) patients with PTC culture-confirmed
VAP to be correctly predicted, as well as the lack of
need for such therapy in 26 out of 35 (74%) episodes of
non-confirmed VAP.

Predictive accuracy of alternative strategies

The above results were compared with treatment decisions
expected from a clinical strategy based on the CPIS scores,
simplified or including Gram stain of EA or PTC [10,
11]. Taking a modified CPIS higher than 6 as indicative
of a probable VAP justifying antimicrobial therapy, the
corresponding sensitivity, specificity, and positive and
negative predictive values of each of these different CPIS

Fig.2 Number of episodes and
corresponding VAP confirmed by PTC

culture in each group according to the Positive
algorithm tested. Using this approach, 34 PTC Gram
out of 41 (83%) confirmed VAP episodes
would appropriately be treated empirically,
while 26 out of 35 (74%) not needing
therapy are not treated empirically
YES | 36
(30 confirmed VAP)
Empiric Therapy

Pulmonary infiltrates, new/persistent
Type of pulmonary infiltrates, localized/diffuse
Tracheal aspirates, absent /copious/purulent
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38.7£13.3
6.6+3.8
22
208 +108
385+£09

14,700 £ 7,560
47729

26/50

31/45/67

51725

calculations are shown in Table 2, in comparison to the
algorithm tested (see ESM for details).

The overall rate of correct decisions to initiate (or not)
empiric therapy according to the strategy tested (79%)
was significantly higher than with management strategies
using the simplified CPIS (36 out of 76 [47%]; p < 0.01)
or CPIS-EA Gram stain (45 out of 76 [59%]; p=0.014).
Compared with the strategy using the CPIS-PTC Gram
stain [10], there were still more correct decisions overall
with the strategy tested (79% vs. 46 out o f76 [61%];
p=0.022). Fewer patients with VAP eventually confirmed
by PTC culture would not receive empiric therapy with
the strategy tested (7 out of 41; 17%) than with a strat-
egy based on the simplified CPIS (28 out of 41 [68%];
p < 0.001); compared with the CPIS-Gram EA and PTC
strategies, this difference was not statistically significant
(p=0.59 and p=0.13 respectively; Table 3).

Observance of the therapeutic strategy

Twenty nine of the 36 (81%) episodes with positive PTC
Gram stains were actually treated empirically by the
attending physicians (Table 3). Only 1 of the 21 episodes
with negative EA and PTC Gram stains received empirical
therapy, and 20 did not receive such therapy. In the 19
episodes with a positive EA Gram stain together with

Therapy Withheld
Pending cultures

Positive
EA Gram

21
(3 confirmed VAP)

NO
12 (4 confirmed VAP)

Severity
criteria

YES

4

(4 confirmed VAP)
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Table2 Operative characteristics of the simplified CPIS score,
CPIS EA Gram stain and CPIS PTC Gram stain scores, compared
with the strategy tested. EA endotracheal aspirate, PTC protected
telescoping catheter, Se sensitivity, Sp specificity, PPV positive
predictive value, NPV negative predictive value.

Se Sp PPV NPV
Simplified CPIS > 6 32 66 52 45
CPIS EA-Gram stain > 6 76 40 60 58
CPIS PTC-Gram stain > 6 66 54 63 58
Strategy studied 83 74 79 79

All values are per cent. The CPIS are calculated as per [11] and [10]
(see legend to Table S1)

a negative PTC Gram stain, antibiotics were administered
empirically in 6 out of 7 episodes with severity criteria; in
their absence (12 episodes), empiric antibiotics were not
administered.

Overall, empiric therapy was initiated by the attending
physicians in 35 out of 43 (81%) episodes, justifying
therapy according to the algorithm tested, and 32 out of
33 (97%) episodes not justifying such therapy were not
treated empirically. Thus, the algorithm tested was not
adhered to in 9 (12%) episodes (8 with a positive PTC
Gram stain, and 1 with both negative Gram stains). The
antibiotic regimens recommended by the protocol were
adequate in 36 (88%) of the 41 episodes with positive PTC
cultures; unanticipated resistance was associated with the
5 episodes in which the recommended regimen was not
effective (see ESM for details).

Outcomes of patients

The mean duration of mechanical ventilation was
30.1 £ 29 days overall, and it was non-significantly higher
in patients with confirmed VAP (33.5 & 33.7 days) than
in patients without confirmed VAP (26.1 £22.9 days;
p=0.27). Their overall mean length of stay in the ICU

Table3 Adequacy of initial empiric therapeutic decisions in 76
episodes of suspected VAP (41 confirmed and 35 non-confirmed),
comparing observed and expected decisions based on 100%

was 43.2 &+ 36.3 days. Patients with confirmed VAP stayed
significantly longer in the ICU than patients without
confirmed VAP (57.1 33.7 days vs. 31.9 £ 26.7 days;
p=0.01).

The overall 15-day and ICU mortality rates were 18%
(14 out of 76) and 42% (32 out of 76 patients). The 15-
day mortality rate was 17% (7 out of 41) in patients with
confirmed VAP, and 20% (7 out of 35) in patients with
non-confirmed VAP. Survival at 15 days was similar be-
tween patients receiving initially appropriate (20 out of
26, 77%) and those receiving inappropriate empiric antimi-
crobial therapy or no empiric therapy (10 out of 15, 67%;
p=0.5).

Discussion

Our findings suggest that a management strategy based on
Gram stains of respiratory tract secretion specimens (both
protected and non-protected specimens) allows rapid and
correct identification of 80% of patients with suspected
VAP needing or not needing initial empiric therapy.
Our results also confirm that clinical strategies based on
CPIS calculation alone do not perform as well in this
regard [10], although patients with confirmed pneumonia
are better identified using a modified CPIS incorporating
Gram stain results than when using the modified CPIS
described by Singh et al. [11].

The debate continues as to which of the so-called clin-
ical or microbiological approaches is preferred—a some-
what artificial debate, as most physicians actually com-
bine the two—for initial management of patients with sus-
pected VAP. The recent ATS/IDSA guideline incorporates
and contrasts the two strategies [7], noting that the “clinical
strategy” is overly sensitive and likely entails more false-
positives than the “microbiological” one in terms of iden-
tification of patients requiring antibiotic therapy, whereas
the major criticism of the latter strategy is the potential
problem of false-negatives.

adherence to the algorithm tested, or based on the simplified CPIS,
CPIS-EA or CPIS-PTC Gram?

Numbers Observed Expected from
Algorithm tested ~ Modified CPIS ~ CPIS Gram EA  CPIS Gram PTC
Empiric therapy introduced 36 43b 25 52 43
In confirmed VAP 29 34 13 31 27
In non-confirmed VAP 7 9 12 21 16
Lack of empiric therapy in confirmed VAP 12 7 28 10 14

4 Empiric therapy is considered to be administered when the CPIS score is > 6, and withheld if the score is <6

b Corresponding to case 1 or 3a shown in Fig. 1

The overall rate of correct decisions to initiate or not initiate empiric therapy according to the strategy tested (79%) was significantly higher
than with management strategies using the simplified CPIS (36 out of 76 [47%]; p<0.01), CPIS-EA Gram stain (45 out of 76 [59%];
p=0.014), or the CPIS-PTC Gram stain [10], (46 out of 76 [61%]; p=0.022)



Within the context of this prospective multicenter
study, our results confirm the findings from the previous
single-center study by Blot et al. [19] suggesting that
a combined clinical and microbiological approach, taking
into account the severity of presentation of suspected
VAP and the results of Gram stains of protected and
non-protected specimens, could help the decision to
initiate empiric therapy. When adhered to, the algorithm
tested allowed both initiating therapy in over 80% of
patients with eventually confirmed pneumonia and with-
holding therapy in over 70% of those not needing it.
Moreover, using a simple algorithm for empiric selection
of drugs, adequate therapy could be administered to most
patients treated, a result comparable to those obtained in
recent studies in which a uniform pre-specified protocol
was used for initial empiric therapy of suspected VAP,
although with much broader spectrum regimens in most
instances [25].

It is noteworthy that the protocol tested gave more ac-
curate results than one based on clinical evaluation and
CPIS calculation. Compared with confirmed VAP based
on PTC cultures, the modified CPIS (> 6) had suboptimal
predictive values of only about 50%. Although the opera-
tive characteristics of the modified CPIS improved when
incorporating Gram stain results of respiratory tract speci-
mens into the score calculation, its accuracy remained rel-
atively low, in accordance with our previous findings when
using BAL as the reference standard [10]. In that study, we
also reported that a modified CPIS incorporating the results
of Gram stains of BAL or PTC fluid marginally improved
the performance of the score to diagnose BAL-confirmed
pneumonia.

Our strategy allowed early identification of 83%
patients with confirmed VAP, thus leaving 17% (7 out of
41) of patients with VAP not identified early and receiving
delayed therapy for up to 24 h following clinical suspicion
(Fig. 2). Among these 7 patients with negative PTC Gram
stains, 4 had a positive EA Gram stain. It could thus be
argued that using a positive EA Gram stain to decide to
initiate empiric therapy would result in avoiding some
“missed opportunities” for early therapy; however, this
would also result in treating 11 more patients unnecessar-
ily, for an overall 43% (15 out of 35) unnecessary therapy
rate of patients without confirmed pneumonia, whereas
only 9 (26%) would receive such therapy according to the
strategy tested.

According to the protocol, only 1 of the patients re-
ceiving delayed therapy had severity criteria. In this small
selected group of patients with a low to moderate probabil-
ity of VAP, the outcome was not worse than that of other
patients with confirmed pneumonia who received early ap-
propriate therapy. However, appropriate therapy was pro-
vided to all these patients following early culture results
within 24 h of sampling. The acceptable lag time between
clinical suspicion of VAP and administration of appropri-
ate therapy in such patients has not been determined. De-
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spite a recent study suggesting the reverse [26], our results
do not therefore support the concept that patients with mild
to moderate disease severity have a worse outcome when
not immediately treated upon clinical suspicion of pneu-
monia. However, given the small number of these patients,
our data should be interpreted with caution and further ex-
perience is needed in this regard.

Central to the interpretation of our results are the
criteria used to diagnose and confirm pneumonia in our
patients. We used blind PTC quantitative culture to define
pneumonia, and it can be argued that using this criterion
biased the results against clinical evaluation. However, the
PTC technique—a technique, which, despite its minimal
invasiveness, still uses protected sampling and quantitative
cultures—has now been compared in several studies with
more widely accepted tests such as BAL, and has been
shown to provide similar accuracy to other protected
or non-invasive techniques cultured quantitatively [10,
14, 23]. It is most convenient when bronchoscopy is
impractical or not available [27]. Nevertheless, PTC
could have suboptimal sensitivity, and some patients
included in the group with non-confirmed pneumonia may
have had broncho-pulmonary infection. We believe this
occurred rarely, as indirectly suggested from the outcome
of patients with and without confirmed pneumonia by
our criteria; the latter subgroup did not appear to have
a worse outcome despite the withholding or withdrawing
of antibiotic therapy. Nevertheless, the groups were of
limited size, and further experience with this approach is
needed to confirm its safety.

Although the management strategy examined in this
study takes culture results of protected and quantitative
specimens as the reference standard, it does allow for
integration of clinical information, such as a high clinical
probability of pneumonia and severity of its presentation,
which corresponds to clinical reasoning in practice.
Clearly, patients presenting with severity criteria should
receive empiric therapy. In these patients, microbiological
information are used only to help in the selection of drugs
(Gram stain), and culture results to streamline therapy;
this is mostly a “clinical” approach. In patients without
severity criteria—the majority of patients with suspected
VAP (71% of episodes in our series)—more guidance can
be sought from microbiological information, including
withholding of therapy in patients with low/moderate
probability of pneumonia when Gram stains are negative,
as mentioned in the recent ATS/IDSA guidelines [7].
Instead of the clinical probability of pneumonia, we used
in this study severity criteria as a major clinical component
for decision-making. An alternative algorithm to the one
we tested could incorporate for example a modified CPIS
including Gram stain results [28] (ESM, Figure S2). In
terms of number of episodes appropriately treated, this
approach would provide similar sensitivity (83%) to those
shown in Fig. 2, but twice as many patients (24%) would
be treated unnecessarily.
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