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Abstract Purpose: In ventilator-
associated pneumonia (VAP), early
appropriate antimicrobial therapy
may be hampered by involvement of
multidrug-resistant (MDR) patho-
gens. Methods: A systematic review
and diagnostic test accuracy meta-
analysis were performed to analyse
whether lower respiratory tract sur-
veillance cultures accurately predict
the causative pathogens of subsequent
VAP in adult patients. Selection and
assessment of eligibility were per-
formed by three investigators by
mutual consideration. Of the 525
studies retrieved, 14 were eligible for
inclusion (all in English; published
since 1994), accounting for 791 VAP
episodes. The following data were
collected: study and population char-
acteristics; in- and exclusion criteria;
diagnostic criteria for VAP; microbi-
ological workup of surveillance and
diagnostic VAP cultures. Sub-analy-
ses were conducted for VAP caused
by Staphylococcus aureus, Pseudo-
monas spp., and Acinetobacter spp.,
MDR microorganisms, frequency of
sampling, and consideration of all
versus the most recent surveillance
cultures. Results: The meta-analysis

showed a high accuracy of surveil-
lance cultures, with pooled
sensitivities up to 0.75 and specifici-
ties up to 0.92 in culture-positive
VAP. The area under the curve
(AUC) of the hierarchical summary
receiver-operating characteristic
curve demonstrates moderate accu-
racy (AUC: 0.90) in predicting
multidrug resistance. A sampling
frequency of [2/week (sensitivity
0.79; specificity 0.96) and consider-
ation of only the most recent
surveillance culture (sensitivity 0.78;
specificity 0.96) are associated with a
higher accuracy of prediction.
Conclusions: This study provides
evidence for the benefit of surveil-
lance cultures in predicting MDR
bacterial pathogens in VAP. How-
ever, clinical and statistical
heterogeneity, limited samples sizes,
and bias remain important limitations
of this meta-analysis.
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Introduction

Despite increased efforts in infection prevention, venti-
lator-associated pneumonia (VAP) remains an important
complication in intensive care unit (ICU) patients. A

systematic review revealed that VAP develops in
10–20 % of patients receiving mechanical ventilation for
more than 48 h [1]. VAP contributes to a substantial
economic burden through an added length of ICU stay of
about 5–7 days and an attributable cost ranging from
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$10,000 to $13,650 [1]. Furthermore, patients with VAP
appear to be twice as likely to die in the ICU compared
with matched control subjects without this complication
[2]. However, the study of Timsit et al. [3], highlighting
the important heterogeneity among VAP studies, esti-
mated the ‘attributable’ mortality to be about 6 %. Pivotal
to optimising the odds of survival is prompt initiation of
empiric appropriate therapy [4, 5]. Inappropriate empiric
therapy during the critical time frame of the first 24–48 h
results in an increased risk of death [6, 7]. The foremost
important risk factor for inappropriate empiric antimi-
crobial therapy is multidrug resistance (MDR) [8]. Prior
antimicrobial exposure and prolonged ICU stay are the
principal risk factors for MDR [9]. Risk and fear of
inappropriate therapy may encourage the use of ‘last-line’
or broad-spectrum antimicrobials or combinations up
front, but on the other hand a more restrictive policy of
antimicrobial stewardship is advocated [10]. To keep the
balance between maximising the rate of appropriate
empiric therapy and minimising antimicrobial selection
pressure, last-line or broad-spectrum antimicrobials such
as carbapenems are recommended in patients with risk
factors for infection with MDR pathogens [9, 11]. How-
ever, in contrast with the 1990s when the problem of
MDR was typically restricted to the ICU, resistance has
spread to general wards and spilled over into the com-
munity as well. As a result, the predictive value of the risk
factors mentioned has become less strong. A recent cohort
study in 24 ICUs demonstrated that in ICU patients
without classic risk factors, 40 % of nosocomial infec-
tions were caused by MDR pathogens [12]. Hence, a risk-
profile-based approach to select empiric antimicrobial
therapy may have become less appropriate in critically ill
patients with severe infections, and in nosocomial infec-
tions in particular. As an alternative, it has been suggested
to guide empiric therapy on surveillance cultures [13, 14].
The past decade saw an increased interest in the potential
of surveillance cultures to predict pathogens in severe
nosocomial infections, mostly bacteraemia and VAP [15–
18]. The correlation between surveillance cultures of the
lower respiratory tract and diagnostic cultures at the time
of clinical VAP has been extensively studied. However, to
date, the literature remains inconclusive as study results
differ substantially.

We performed a systematic review and a diagnostic
test accuracy meta-analysis to analyse the sensitivity and
specificity of surveillance cultures (prior to VAP onset) in
predicting pathogens in VAP in adult patients.

Methods

A systematic review of the literature and a diagnostic test
accuracy meta-analysis were performed [19]. The latter
pools both the sensitivity and specificity of surveillance

cultures. Hence, in a cohort of patients who developed
VAP, for each patient, the microorganisms in the ‘sur-
veillance’ culture(s) (prior to clinical suspicion of VAP)
were compared with pathogens in the ‘diagnostic’ culture
(on the day of VAP onset) [19]. The results are reported in
accordance with the PRISMA guidelines (‘Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses’).

Data sources and searches

The search string in PubMed and Web of Science dat-
abases consisted of two parts: (1) the infection of interest:
ventilator-associated pneumonia (as MeSH or as part of
the title including the following alternatives: ‘VAP’,
‘nosocomial pneumonia’, or ‘ventilated/ventilator/venti-
lation’); (2) combined with at least one of the following
terms: ‘culture(s)’, ‘surveillance’, ‘colonised/colonisa-
tion/colonising’, ‘aspirate(s)’, ‘sample(s)’, or ‘screening’.
Complementary searches were performed through analy-
ses of reference lists, the Science Citation index,
Cochrane library, CINAHL, and GoogleTM, and searching
for relevant publications of ‘expert’ authors (known or
identified to have published in the field of surveillance
cultures and/or VAP).

Study selection

The selection and assessment of eligibility were per-
formed by three investigators (N.B., S.L., and S.B.) by
mutual consideration based on the availability of all
necessary data and accordance with in- and exclusion
criteria. No language restrictions were applied, and the
time period was not bounded.

We included studies providing original data on the
accuracy of lower respiratory tract surveillance cultures to
predict the bacterial pathogens in either clinically sus-
pected or confirmed VAP in adult ICU patients. Relevant
surveillance cultures were samples of the lower respira-
tory tract (all sampling techniques) obtained before
clinical suspicion of VAP. Studies reporting only gram
stains were excluded. Surveillance cultures sampled from
other body sites were not considered (wound cultures,
blood samples, oral, oropharynx, or nasal cultures).

Ventilator-associated pneumonia onset was based on
clinical, microbiological, and/or radiological criteria.
Studies reporting B5 patients with VAP were excluded, as
were studies on fungal or viral pneumonia, and cohorts
containing only tracheotomised, chronically ventilated
patients. Case reports and review articles were not included.

Studies were only eligible if they contained all necessary
data for the meta-analysis (see below). No language
restrictions were applied, and the time period was not
bounded.
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Data extraction and quality assessment

The following data were collected (where available):
basic study characteristics (author, year of publication,
study period, setting, study design); population charac-
teristics; in- and exclusion criteria; diagnostic criteria for
VAP; microbiological workup of surveillance and diag-
nostic VAP cultures (type and frequency of sampling,
culture techniques, thresholds for pathogen detection, and
antimicrobial susceptibility).

Assessment of quality and generalisability was adap-
ted from the QUADAS (‘Quality Assessment of
Diagnostic Accuracy Studies’) guidelines for diagnostic
test accuracy meta-analyses [19].

Due to the important variation in diagnostic tech-
niques and definitions of VAP, the quality of VAP
diagnosis was assessed according to the clarity of the
description of clinical parameters (e.g. clinical pulmonary
infection score), availability of radiological confirmation,
and use of microbiological diagnostic techniques such as
bronchoalveolar lavage (BAL) [20].

Data synthesis and analysis

Studies included in the diagnostic test accuracy meta-
analyses were required to report the following variables:
true positives (TP, pathogen(s) predicted by surveillance
culture and retrieved in the diagnostic VAP culture), true
negatives (TN, negative both in surveillance and VAP
culture), false positives (FP, isolated from the surveillance
culture but not from the diagnostic VAP culture), and
false negatives (FN, isolated from the diagnostic VAP
culture but not from the surveillance culture). If not
directly reported, these data had to be retrievable through
calculation. These predictive variables were used to cal-
culate sensitivity, specificity, and positive and negative
likelihood ratios, based on the total number of VAP epi-
sodes. Positive and negative predictive values are strongly
dependent on prevalence (which varied between the
included studies) and are thus less useful than sensitivity
and specificity in evaluating the inherent test accuracy
[21]. Therefore, a pooled estimate is not reported.

Subanalyses were conducted for VAP episodes caused
by Staphylococcus aureus, Pseudomonas spp., and Aci-
netobacter spp., MDR microorganisms, frequency of
sampling, and consideration of all versus only the most
recent surveillance culture. As such, several sets of vari-
ables (TP, FP, FN, TN) could be subtracted from a single
study. Therefore, in some analyses, the total number of
variable sets may be higher than the number of articles
included.

A variable set could be included in the mathematical
model on the condition that the sum of its TP ? FN C 4.
Candida spp., yeasts, coagulase-negative staphylococci,
alpha-haemolytic streptococci, and diphtheroids are

considered non-pathogenic and therefore were not taken
into account [22–24].

Except for those variable sets assessing methicillin-
sensitive S. aureus (MSSA), and S. aureus (irrespective of
antimicrobial susceptibility), all variable sets considered
potentially MDR microorganisms since the assumed
potential of surveillance to predict MDR pathogens is of
particular value in clinical practice. All studies were
screened for definitions of MDR (if reported). A mathe-
matical correction of the total number of VAP episodes
was indispensable in ‘polymicrobial’ VAP episodes
(counted as separate VAP episodes) in order to avoid
underrepresentation of true negatives.

Statistical methods

A bivariate mixed-effect regression framework was used
to perform the meta-analysis in STATA/MP4 (release 11;
StataCorp LP, College Station, TX, USA; STATA, ‘mais’
and ‘midas’ modules). The area under the curve (AUC) of
the hierarchical summary receiver operating characteris-
tics (sROC) curve is a measure of the overall test
performance. It summarises sensitivity and specificity in
one value ranging between 0.0 and 1.0, with values\0.50
representing no predictive benefit of the surveillance
cultures, values ranging 0.50–0.70 low accuracy,
0.70–0.90 moderate accuracy, and [0.90 high accuracy.

Uncertainty is quantified by 95 % confidence intervals
(95 % CI). Test reproducibility and heterogeneity are
assessed by means of forest plot analyses (not shown),
and inconsistency is represented as I2, with values[50 %
representing substantial heterogeneity. The Fagan plot (or
Bayes nomogram) visualises the clinical relevance of
surveillance cultures using the likelihood ratios to calcu-
late post-test probability based on Bayes’ theorem. In this
statistical approach the pre-test probability represents the
baseline risk of MDR involvement in VAP based on the
prevalence of MDR in the studies.

A univariable meta-regression is used to evaluate the
impact of potential confounders: MDR, sampling fre-
quency, and consideration of either all or only the most
recent surveillance culture.

Results

General description of included studies

The literature search was finalised 18 January 2012 and is
shown in Fig. 1 (online supplement 1). Of all 525 studies,
35 full-text articles and 2 abstracts appeared suitable for
inclusion [13, 14, 22–54]. Of these, 21 studies did not
match our inclusion criteria (missing necessary data, only
reported on total of mechanically ventilated patients,
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abstract also published as full paper) [13, 14, 24–26, 28,
31, 33, 41–54]. Only 14 studies, all in English and pub-
lished after 1994, reported the predictive variables in
sufficient detail to be included in the meta-analysis [22,
23, 27, 29, 30, 32–40]. The median study duration was
23 months (range 12–99 months) (not reported in two
studies). In total, 791 VAP episodes (in over 688 patients)
could be included (mean 57 episodes/study, range
11–151). Incidence of VAP was only reported in three
studies: 10.4/1000 [39], 22.9/1000 [36], and 55/1000 [29]
mechanical ventilation days; the latter was a study with
burned patients with inhalation injury [29]. Prevalence
could be extracted from nine studies and ranged between
7.3 and 44.6 % of all ventilated patients [22, 23, 30, 33,
34, 36–39].

Assessment of quality and generalisability is summa-
rised in the table (online supplement 2). Nine studies
described a mixed ICU cohort [23, 27, 30, 32, 34, 36–38,
40] and two a sample of medical ICU patients [35, 39].
The other studies involved surgical ICU patients [22],
patients with head trauma or stroke [33], or mechanically
ventilated burn patients with inhalation injury [29].

Except for one study [33], all studies defined a mini-
mal duration of mechanical ventilation before VAP onset
of C48 h [22, 23, 29, 30, 32, 35, 36, 39, 40], C72 h [27,
34, 38], or C96 h [37].

Sampling techniques and microbiological analysis
(Table: online supplement 2)

In one study [34], surveillance cultures were obtained by
protected specimen brushes and mini-BAL/non-directed
bronchial lavage and in all 13 others by endotracheal
aspirates. Three studies reported quantitative thresholds
for positivity [33, 36, 39].

Seven studies reported multiple sampling techniques
for diagnostic VAP cultures [22, 32–35, 37, 40]. Endo-
tracheal aspirates were used in eight [22, 23, 29, 32, 33,
36, 37, 40], protected specimen brushes in five [30, 33–
35, 37], and BAL in ten studies (performed in all patients
in five studies [27, 30, 34, 38, 39]) [22, 32, 35, 37, 40].
Three studies only used semiquantitative microbiological
techniques [27, 29, 32].

In only four studies [27, 29, 32, 39], a definition of
MDR was reported and used as such in the meta-analysis.
In the remaining ten studies, microorganisms were con-
sidered MDR in case of methicillin-resistant S. aureus
(MRSA), Pseudomonas spp., or Acinetobacter spp.

Meta-analysis

Depending on the respective research question, a total of
42 sets of predictive variables (TP, FP, TN, and FN) could
be identified from the 14 studies, e.g. prediction of

MRSA, prediction of ‘MDR’. Two studies reported both
the predictive value for ‘all’ and the ‘most recent’ sur-
veillance cultures [34, 37]. From these studies, the sets
containing ‘all’ surveillance cultures were used in the
calculations (7 sets in total) [34, 37]. The seven corre-
sponding sets of variables based on the ‘most recent’
surveillance cultures were only used in the univariate
analysis to assess their impact on the accuracy of pre-
diction (thus 49 sets were used for univariable analysis)
[34, 37].

An sROC curve visualises the inter-study variation in
sensitivity and specificity among the 42 variable sets and
demonstrates high accuracy (AUC = 0.92; 95 % CI:
0.89–0.94) (Fig. 1a). A second sROC curve (Fig. 1b)
summarises the ability of surveillance cultures to predict
MDR pathogens using only one variable set per study
(n = 14). This sROC curve shows less variability (data
points closer to the pooled value) but similar discrimi-
native power (AUC = 0.90; 95 % CI: 0.87–0.92). A
forest plot (Fig. 2) represents the sensitivity and speci-
ficity for each of these 14 variable sets. All sub-analyses
are presented in Table 1. For five out of six subanalyses
the accuracy is high (AUC [ 0.90). Only for the predic-
tion of MRSA is the accuracy judged to be moderate
(AUC = 0.83). However, pooled specificity for this sub-
analysis is particularly high (0.98). The highest accuracy
is seen for the four studies reporting an overall prediction
of MDR. This subanalysis also shows the least statistical
heterogeneity (I2 = 63).

A Fagan plot is constructed to illustrate the pre-test
and post-test probability of surveillance cultures to predict
MDR involvement based on all 14 studies (Fig. 3a). Not
taking into account surveillance cultures, a VAP episode
has a (‘pre-test’) probability of 25 % to be caused by
MDR pathogen(s). With a surveillance culture positive
for an MDR microorganism, there is a 75 % ‘‘post-test’’
probability of a subsequent VAP episode to be caused by
the same MDR pathogen. With a negative surveillance
culture, the post-test probability of VAP with an MDR
pathogen drops to 8 %. When the Fagan plot is con-
structed for the four studies clearly defining MDR [27, 29,
32, 39], positive and negative post-test probabilities are
82 and 5 % respectively (Fig. 3b).

Factors influencing the predictive accuracy
of surveillance cultures (univariable analyses)

Three factors are reported in sufficient detail to assess
their influence on the accuracy of prediction. First, the
data are insufficiently detailed and too heterogeneous to
analyse the impact of antimicrobial susceptibility patterns
in Pseudomonas and Acinetobacter spp. However, the
data of six studies could be used to compare predictions
for MSSA versus MRSA. Sensitivity is slightly higher for
MRSA than for MSSA [0.75 (0.95 % CI: 0.58–0.91) vs.
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0.70 (0.95 % CI: 0.48–0.92)], although specificity is
similar 0.97 (0.95 % CI: 0.92–1.00) versus 0.97 (0.95 %
CI: 0.91–1.00).

Sensitivity for MRSA (0.75, 95 % CI: 0.58–0.91) is
slightly higher than for MSSA (0.70, 95 % CI:
0.48–0.92), although specificity is similar: 0.97 (0.95 %
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CI: 0.92–1.00) versus 0.97 (95 % CI: 0.91–1.00) for
MRSA and MSSA respectively.

Second, the univariable analysis shows improved
sensitivity (0.79; 95 % CI: 0.74–0.85 vs. 0.65; 95 % CI:
0.57–0.72) and specificity (0.96; 95 % CI: 0.94–0.98 vs.
0.90; 95 % CI: 0.86–0.95) when only the most recent
surveillance cultures are taken into account instead of all
cultures (Fig. 4).

Finally, a sampling frequency of at least twice a week
results in better sensitivity (0.78; 95 % CI: 0.73–0.83 vs.
0.61; 95 % CI: 0.52–0.69) and specificity (0.96; 95 % CI:
0.94–0.98 vs. 0.87; 95 % CI: 0.82–0.93) compared with
less frequent sampling. A sampling frequency of thrice
weekly does not further strengthen the predictive accu-
racy of surveillance cultures (Fig. 4).

Discussion

Although statistically challenging, this diagnostic test
accuracy meta-analysis provides coherent evidence for
the accuracy of surveillance cultures of the respiratory
tract to predict bacterial pathogens in VAP, in particular
the absence of multidrug-resistant pathogens. Despite the
relatively low number of patients and studies included in
some of the sub-analyses, pooled sensitivities (between
0.72 and 0.84) and specificities (between 0.90 and 0.98)
correspond with moderate to high accuracy (AUC
between 0.83 and 0.95). Although the incidence of VAP
varies among the studies, this does not impact the results,
which are only based on patients with VAP. However, a
great variety of VAP diagnoses, MDR assessments, and
treatment policies was present in the different studies.

The most important clinical implication is the high
specificity and negative likelihood of surveillance cul-
tures. If a recent surveillance culture does not contain
MDR microorganisms, the newly symptomatic VAP is
unlikely to be caused by MDR (likelihood \10 %)
(Fig. 3). The high specificity of surveillance cultures
increases its antibiotic-saving potential as it delineates
patients in which extensive broad-spectrum antibiotic
therapy may be unnecessary. Surveillance-assisted
empiric therapy has been associated with an effective
reduction in antibiotic consumption by comparing it with
hypothetical, strictly empirical antimicrobial schemes [32,
39, 55]. Thus, if surveillance cultures are used to guide
antibiotic consumption, an emphasis on multidrug-resis-
tant microorganisms appears to be recommendable, but
clinical evaluation of the patient for signs of infection
remains crucial.

The presence of MDR microorganisms in surveillance
cultures of the lower respiratory tract predicts the patho-
gen(s) with a 75–82 % confidence rate, which justifies
antimicrobial coverage. Particular emphasis must be
given to the sampling frequency. A once weekly samplingT
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frequency might be of little value to steer empiric anti-
microbial therapy in VAP. Our analyses suggest that
twice-weekly sampling is to be preferred above less fre-
quent sampling (Fig. 4). No additional benefit could be
demonstrated for thrice weekly sampling. This could be
due to the low number of studies using thrice-weekly
sampling but also because in twice-weekly sampling
specificity already reaches 96 %, leaving little room for
improvement.

It also appears that it is more accurate to only consider
the most recent surveillance culture, as both sensitivity
and specificity drop when all surveillance cultures are
taken into account. From the dynamics of colonisation
preceding infection, a higher number of true positives and
a lesser number of false negatives are to be expected
when considering only the most recent surveillance cul-
tures, as the relative weight of relevance of a positive
surveillance culture is likely to depend on the timeframe

between sampling and VAP onset, as well as the sampling
frequency. This could, however, not be determined in this
study. Further prospective evaluation is thus necessary to
determine the ideal sampling frequency and maximal time
interval of relevance (especially considering the negative
predictive value) between the last surveillance culture and
VAP onset, which are both clinically important in view of
the dynamic nature of the colonisation of the respiratory
tree.

No other published systematic review has addressed
the same research question with a similar methodological
approach. Several of the included studies [27, 29, 32, 37–
40] advocate the benefit of surveillance cultures, whereas
others contradict this conclusion [24, 26, 28, 30, 35, 51].
Heterogeneity between studies may be explained by
contrasting results. Clinical heterogeneity originates from
differences in the patient case mix reflecting a distinct risk
profile for VAP and/or MDR involvement (trauma,
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Fig. 3 Fagan plot: pre-test and post-test likelihood for ventilator-
associated pneumonia to be caused by multidrug-resistant patho-
gens. The pre-test (prior) probability is the probability of a VAP
episode to be caused by MDR pathogens (without taking into
account the test/surveillance cultures). The post-test probability
takes into account the results of the surveillance cultures, which do

or do not contain MDR pathogens (predicting respectively positive
and negative likelihood). a All 14 studies* (MDR as defined in
methods); b 4 studies** that clearly reported the predictive value of
all MDR microorganisms in the surveillance cultures. *Reference
numbers of the 14 included studies: [21, 22, 26, 28, 29, 31–39].
**Reference numbers of the 4 included studies: [26, 28, 31, 38]
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elective surgery, medical disease, antibiotic exposure,
length of hospitalisation, etc.). Also differences in diag-
nostic techniques (invasive vs. non-invasive diagnosis of
VAP) as well as microbiological techniques (quantitative
vs. semi-quantitative techniques) might have influenced
the findings in some studies. Heterogeneity is also due to
differences in inclusion criteria and study designs (e.g.,
sampling frequency, which appeared to be of major
importance). In this meta-analysis we attempted to limit
heterogeneity by implementing strict inclusion criteria
(e.g., only adult ICU populations) and by focusing on the
clinical implications of surveillance cultures of the
respiratory tract in VAP. Due to our strict inclusion cri-
teria, only 14 out of 34 articles addressing surveillance
cultures could be included in the meta-analysis, which
should have contributed to reducing clinical heterogeneity
and inter-study variability, and hence increased internal
validity. In spite of this strict selection process, a sub-
stantial statistical heterogeneity remains (I2 = 0–92 %),
indicating an important remaining inter-study variation.

The apparent strength of our results in favour of sur-
veillance cultures may be attributed to the focus on MDR
pathogens. Evaluation of non-pathogenic microorganisms
in surveillance or VAP cultures will also blur the results,
since these generally represent colonisation. Broadening
the study with surveillance cultures of all mechanically
ventilated patients [14, 24–26, 41, 42, 51] (not only those
who developed VAP) would also result in higher false-
positive rates, as the correlation with diagnostic cultures
in subsequent VAP is weakened by the inclusion of
irrelevant information in the denominator. Therefore, we

restricted our research question to patients with VAP.
However, in these cohorts of VAP patients, a high pro-
portion of MDR was found (Table 1), which might
hamper generalisability to ICUs with lower rates of MDR.

We only focussed on lower respiratory tract surveil-
lance cultures. Taking into account surveillance cultures
sampled from other body sites tends to increase sensitivity
while decreasing specificity [35, 55]. In a study on nos-
ocomial pneumonia (predominantly VAP), the proportion
of MDR pathogens predicted by either tracheal or all
surveillance cultures (additional urine, rectal and oral
swabs) was respectively 70 and 88 % [55]. By consider-
ing all body sites, however, the proportion of false
positives tripled from 15 to 46 % [55]. This weakens the
high specificity required in a surveillance culture
approach.

Despite the fact that meta-analyses should be consid-
ered as the best available evidence, they rely on the
quality of the available data, which is in this case subject
to enormous variation. Substantial controversy remains
considering the ideal sampling and microbiological
techniques and thresholds [56]. Therefore, ascertainment
bias is a possible limitation of our study (e.g. on the
degree of certainty of a true diagnosis of VAP), since
some studies might have examined a more ‘severe’ VAP-
patient cohort than others. In addition, an incorporation
bias could have occurred, since several studies used the
same sampling technique—e.g. endotracheal aspirates—
for both surveillance and diagnostic cultures. Perhaps the
impact of this bias is limited because these endotracheal
aspirates are sampled at different time points, and clinical

Only most recent SC

All SC
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< 2/w

Frequency SC !  3/w

< 3/w

0.50 0.75 1.00

Sensitivity(95% CI)

Only most recent SC
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Frequency SC !  3/w
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Univariable Meta-regression & Subgroup Analyses

Fig. 4 Univariable meta-regression and sub-group analyses to assess the impact of frequency of sampling and the use of all or only the
most recent surveillance culture on the accuracy of surveillance cultures to predict multidrug resistance. SC surveillance cultures
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samples are generally analysed using different microbio-
logical thresholds [57]. Nevertheless, a subgroup analysis
exclusively including studies that used endotracheal
aspirates as surveillance cultures and bronchoscopy-based
diagnosis of VAP would have strengthened the study.
Yet, for this purpose, only five studies adding up for 232
VAP episodes could be considered, and this proved to be
insufficient for execution of a diagnostic test accuracy
meta-analysis. Because the impact of using different
diagnostic approaches could not be evaluated, the results
of this meta-analysis must be interpreted with caution as a
diagnosis of VAP based on non-invasive techniques
includes a substantial risk of false-positive results [51].

Due to the limited number of studies (often leading to
small subgroups), and important inter-study variation, our
results should certainly be interpreted with caution.
Unfortunately, the available data did not allow further
exploration, since more detailed reporting would merely
reflect the results of individual studies instead of the
combined assessment of several sources of ‘evidence’,
which is the aim of a meta-analysis. It is for example
expected that several factors such as previous antibiotic
exposure, antimicrobial policies, and duration of
mechanical ventilation influence the predictive value of
surveillance cultures. However, no recommendations
could be made based on this meta-analysis.

Another limitation of the study is that only four studies
provided detailed definitions of MDR. In the analysis with
all studies included, only MRSA, Pseudomonas, and
Acinetobacter species were considered MDR. With the

exception of the latter two non-fermenting bacteria, no
other MDR gram negatives were considered because most
studies did not discriminate for instance between exten-
ded-spectrum beta-lactamase (ESBL)- and non-ESBL-
producing gram-negative bacteria in their report.

Although it could be expected that surveillance cul-
tures are particularly useful in ICUs with a high MDR
incidence, cost-effectiveness remains to be evaluated,
since this is an important argument against routine sur-
veillance cultures, which are related with a high
workload, especially for the laboratory. Thus, the balance
between benefits and costs remains to be evaluated.

Besides surveillance cultures, real-time PCR might also
provide information to steer empiric antimicrobial therapy.
This technology enables bacterial identification in less than
1 h. A drawback of this technique is that it does not allow
discriminating colonisation from infection, and since VAP
is frequently caused by microorganisms colonising the
upper respiratory tract, the added value remains limited
[58]. However, in the past decade, progress in the devel-
opment of molecular diagnostics has been spectacular, and
the future might bring technologies to identify causative
pathogens in VAP with susceptibility patterns within a
clinically more acceptable time frame [58].

In conclusion, this study underscores the value of
surveillance cultures of the lower respiratory tract in
predicting bacterial pathogens in VAP in adult ICU
patients, in particular for the absence of MDR pathogens.
However, heterogeneity and bias remain important limi-
tations of this meta-analysis.
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