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Abstract

Background

The optimal method for diagnosing ventilator-associated pneumonia is
controversial and its effect on reported incidence uncertain. This study aimed
to model the impact of using either endotracheal aspirate or bronchoalveolar
lavage on the reported incidence of pneumonia and then to test effects
suggested from theoretical modelling in clinical practice.

Methods

A three-part single-centre study was undertaken. First, diagnostic
performance of aspirate and lavage were compared using paired samples
from 53 patients with suspected ventilator-associated pneumonia. Second,
infection surveillance data were used to model the potential effect on
pneumonia incidence and antibiotic use of using exclusively aspirate or
lavage to investigate suspected pneumonia (643 patients; 110 clinically
suspected pneumonia episodes). Third, a practice change initiative was
undertaken to increase lavage use; pneumonia incidence and antibiotic use
were compared for the 12 months before and after the change.

Results

Aspirate over-diagnosed ventilator-associated pneumonia compared to lavage
(89% vs. 21% of clinically suspected cases, p<0.0001). Modelling suggested
that changing from exclusive aspirate to lavage diagnosis would decrease
reported pneumonia incidence by 76% (95% CI 67-87%) and antibiotic use by
30% (95% CI: 20-42%). After the practice change initiative, lavage use
increased from 37% to 58%. Although clinically suspected pneumonia
incidence was unchanged, microbiologically confirmed VAP decreased from
18 to 9 cases per 1000 ventilator days (p=0.001; relative risk reduction 0.61
(95% CI 0.46-0.82)), and mean antibiotic use fell from 9.1 to 7.2 antibiotic-
days (21% decrease, P = 0.08).

Conclusions
Diagnostic technique impacts significantly on reported VAP incidence and
potentially on antibiotic use.
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Introduction

Ventilator associated pneumonia (VAP) is the most common intensive care
(ICU)-acquired infection (1). Rates of VAP have become markers of ‘quality of
care’ (2, 3)

The diagnosis of VAP prompts antibiotic therapy. A diagnostic technique with
a high false-positive rate will increase antibiotic use, potentially resulting in
adverse outcomes such as Clostridium difficile-associated diarrhoea and
selection pressure for multi-drug resistant bacteria. (4,5).

The diagnosis of VAP depends on a combination of clinical, radiological and
microbiological findings (1). Current practice and opinion is divided on the
relative merits of non-invasive and invasive (bronchoscopic) techniques in
obtaining specimens for diagnosis. A French randomized controlled trial
(RCT) compared an invasive, bronchoscopic diagnostic strategy with a non-
invasive strategy using tracheal aspirates. Patients in the invasive diagnostic
strategy group had more antibiotic—free days and were more likely to survive
to 14 days post-randomisation (6). In contrast, a recent Canadian RCT
comparing invasive and non-invasive diagnostic strategies found no
differences in antibiotic use, or in clinical outcomes (7). One possible
explanation for these discordant findings could be that diagnostic information
was used differently. A positive diagnosis is more likely using endo-tracheal
aspirates (ETA) than broncho-alveolar lavage (BAL), most likely indicating
lower specificity (6,8,9). If antibiotics are continued despite negative BAL
cultures, any benefits will be lost. Inappropriate early antibiotic therapy is
associated with greater mortality (10,11), which has led to the widespread use
of broad-spectrum antibiotics known to cover the major pathogens present in
a given ICU (12,13). The consequences of antibiotic overuse, and specifically
failure to de-escalate therapy after negative investigations, are less well
understood. Changes in clinical outcomes after altering diagnostic techniques
are most likely if linked to clinical decision-making, especially in relation to the
duration and intensity of antibiotic therapy (14,15). Using different diagnostic
tests could also affect the reported incidence of VAP. Few studies have
systematically evaluated this possibility despite the increasing use of VAP
incidence as a marker of patient safety and quality of care. (2,3)

The objective of our study was to use clinical data from our ICU to model the
potential effects of diagnostic technique, specifically ETA- versus BAL-based
diagnosis, on the reported incidence of VAP and associated antibiotic use.
We then aimed to evaluate our model by comparing VAP incidence and
antibiotic use before and after a practice change initiative designed to
increase use of BAL.
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Methods

Setting

The study took place in the 18-bed medical-surgical critical care unit of a large
Scottish teaching hospital. The ICU admits >1000 patients annually, of whom
50% stay for 2 48 hours. The case mix was 50% surgical in origin, 48%
medical and 2% obstetric/gynaecological. 83% of patients received support of
two or more organ systems and/or required invasive ventilatory support at
some point during their admission. The unit is the Scottish Liver Transplant
unit (typically 40-50 transplants annually), and receives trauma cases from the
region, although isolated neuro-trauma was managed elsewhere. During the
entire duration of the study a seven element ventilator care bundle was in
place and remained unaltered. This consisted of routine stress ulcer
prophylaxis, head of bed elevation, nurse-led weaning protocol, sedation
protocol and scoring, use of heat and moisture exchangers, no routine
ventilator circuit changes and early empiric antibiotic treatment for VAP with
rationalisation and de-escalation based on the results of cultures. Selective
digestive tract decontamination, oral chlorhexadine and sub-glottic suction
were not used at any point during the study.

Overview of study design

The study had three parts. First, diagnostic performance of ETA and BAL
were compared using paired samples from patients with clinically suspected
VAP. Second, prospective high quality independently collected infection
surveillance data collected in our ICU were used to model the potential effect
on VAP incidence and antibiotic use of exclusively using either ETA or BAL to
investigate suspected VAP in our patient population. Third, a practice change
initiative was undertaken to increase BAL use. The incidence of VAP and
antibiotic use were compared for the 12 months before and after the change
using traditional statistical tests, but also statistical process control methods.

Comparison of the diagnostic performance of ETA and BAL

As part of an ongoing study of innate immunity in critically ill patients with
suspected VAP (16), we collected a series of paired ETA and BAL samples in
patients with clinically suspected VAP using a standardized protocol (17,18).
‘True VAP’ was defined as culture of organisms in BAL at >10* CFU/ml (19).
We compared the diagnostic accuracy of quantitative and non-quantitative
cultures of ETA with true VAP. For quantitative ETA a cut-off of >10° CFU/m
(20) was used, whilst any growth was considered positive for qualitative ETA.

Modelling of the potential impact of exclusive use of ETA or BAL on reported
VAP incidence and antibiotic use

Infection surveillance data

Since 2005, infection surveillance data on VAP using the Hospitals in Europe
Link for Infection Control through Surveillance (HELICS) system (21, 22) has
been collected in our ICU by an independent infection control team. These
included antibiotic prescriptions and diagnostic method (bronchoscopic,
pleural or blood culture, qualitative endo-tracheal cultures, or clinical

WBuAdos Aqg padaloid 1sanb Ag 20z ‘6T Idy Uo /wod g xeloyy//:dny woly papeojumod ‘6002 Arenigqa- ZT Uo 6£Z0TT 8002 XUY9ETT 0T Se paysiiand 1s1y :xeloy L


http://thorax.bmj.com/

diagnosis alone). Data for the 12 months prior to the practice improvement
intervention (see below) were analyzed. The diagnostic categories used by
HELICS are shown in table 1.

Table 1:Classification of Ventilator Acquired Pneumonia by the HELICS
criteria. All patients meet clinical criteria (radiographic changes, pyrexia or
leucocytosis/leucopenia and clinical signs of chest infection such as increased
volume or purulence of sputum, crepitations, and deterioration in
oxygenation). Adapted from ref 21.

Code Diagnhostic method

PNI 1> -10%cru (Colony forming units)

Positive quantitative culture from minimally contaminated LRT specimen — BAL

PN2 within our laboratory

Positive quantitative culture of LRT (tracheal aspirate) or sputum - not available

Positive culture related to no other source -positive pleural fluid culture OR
PN3 | pulmonary abscess with positive needle aspiration OR positive histology OR
positive exams for virus

Positive sputum culture or non-quantitative LRT (tracheal aspirate) specimen

PN4
culture

PN5 | No positive microbiology including BAL with <10* CFU

Local intensity of antibiotic use for clinically suspected VAP

The ‘antibiotic load’ associated with treating clinically suspected VAP was
quantified by calculating the total ‘antibiotic days’ (23) used for each
suspected VAP episode. For the purpose of this analysis, we defined this as
the number of antibiotics multiplied by the duration of treatment. For instance
if a patient received meropenem for 7 days and vancomycin for 4 days this
would equate to 11 *antibiotic days’; concurrent use of two antibiotics counted
as 2 antibiotic days per calendar day. As only qualitative ETA and BAL were
in routine clinical use, only these two modalities were compared.

Modelling the theoretical effect of using either ETA or BAL in our patient
population

Using infection surveillance data, the number of clinically suspected VAPs
was determined. Using the diagnostic performance characteristics calculated
from the paired ETA and BAL samples (see above), we modelled the
proportion of clinically suspected VAPs that would have been confirmed
microbiologically if either BAL, or qualitative ETA or quantitative ETA had,
hypothetically, been used exclusively in our ICU. As a sensitivity analysis we
used the 95% confidence limits generated from the paired sample data. Using
data on antibiotic prescriptions, we also estimated the theoretical effect of
changing from exclusively ETA-based diagnosis to BAL-based diagnosis in
our ICU.

Prospective evaluation of the effect of increasing the use of BAL on reported
VAP incidence and antibiotic use

We undertook a practice improvement initiative aimed at increasing the use of
BAL in our ICU. This included education sessions, improved availability of
equipment and expertise for BAL and a case-review of VAPs at the weekly
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grand round. Infection surveillance data were analyzed one year before and
one year after the intervention, with a 2-month ‘run in period’. Specifically we
examined the rates of clinically suspected VAP and the rates of
microbiologically confirmed VAP, the proportion of patients undergoing
bronchoscopic diagnosis and the total number of ‘antibiotic days’ attributable
to each episode of VAP. Additional analysis was undertaken using Statistical
Process Control methodology, which allows time series data to be analysed in
the context of background variability (24). To test whether a change results in
a meaningful difference ‘warning’ and ‘control lines’ are established, indicating
the upper and lower limits of background variation. If the measured variable
crosses these lines it indicates a frequency that is outwith normal variation

Consent and ethical approval

For the paired ETA and BAL study, witnessed assent was obtained from a
relative or main carer for all patients and the study was approved by the
Research Ethics Committee. The collection of infection surveillance data did
not require ethical approval. Evaluation of the effect of increasing BAL use
was considered quality improvement and did not require ethical approval.

Further details of the methodology can be found in the online data
supplement.
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Results

Diagnostic accuracy of BAL and ETA

Fifty-three patients had paired samples available for analysis (Figure 1). With
microbiologically confirmed infection (HELICS criteria PN1 - for definitions of
HELICS criteria see table 1) the true positive rate for VAP (as defined by
quantitative BAL cultures) was 21% (N = 11)(95% CI 10-32%). Qualitative
ETA cultures significantly over-diagnosed VAP compared to BAL; 87% (N =
46)(95% CI 77-96%) of all cultures were positive (HELICS criterion PN4).
Quantitative ETA cultures also over-diagnosed VAP: 51% (N=27) (95% CI 37-
63%) of all cultures being positive by this method. A summary of test
performance data for ETA compared to BAL is shown in Table 2. Although
quantitative ETA cultures (using >10° CFU/ml as the cut off) had an effect on
sensitivity and specificity, they failed to significantly improve diagnostic
performance as assessed by either predictive values or likelihood ratios
(Table 2). There was no difference in ICU mortality between patients with
clinically suspected VAP and positive versus negative BAL cultures (36% for
both groups), These data suggested that the technique used to diagnose VAP
was likely to influence the reported incidence, but did not quantify the likely
magnitude of this effect in a clinical population.

Table 1: Diagnostic performance of ETA using quantitative culture obtained
from standardized BAL as the reference, with growth at >10* CFU/ml defining
‘true VAP'. Qualitative ETA is growth of any organism, quantitative ETA is
growth of any organism at >1OGCFU/mI(2O). A Likelihood ratio is a likelihood
that a person with a positive (or negative) test has the disease in question,
further detail can be found in reference 25.

PPV=positive predictive value, NPV=negative predictive value, +LR=positive
likelihood ratio, -LR =negative likelihood ratio.

Sensitivity | Specificity | PPV NPV | +LR -LR
Qualitative | 90% 14% 21% 85% 1 0.6
ETA
cultures
Quantitative | 72% 55% 30% 88% 1.6 0.5
ETA
cultures

Modelling of the potential impact of exclusive use of ETA or BAL on reported
VAP incidence and antibiotic use

In the year prior to the intervention (January to December 2006) 643 patients
were admitted to the ICU for >48 hours, corresponding to 3771 ventilator
days. There were 110 episodes of clinically suspected VAP, based on
HELICS criteria. Of these, 68 had positive microbiological cultures. The
classification of these VAPs based on the HELICS system is shown in Figure
2. The incidence of clinically suspected VAP was 17% (29.1 cases per 1000
ventilator days) and microbiologically confirmed VAP 10.5% (18 cases per
1000 ventilator days). The associated antibiotic use with each mode of
diagnosis is shown in Table 3. 16% of patients had their antibiotics changed
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in ICU in the 72 hours prior to diagnosis, an acknowledged risk factor for false
negative cultures (1). 89% of patients had received antibiotics prior to
diagnosis, 75% within 72 hours of diagnosis.

Table 3: Treatment intensity as measured by ‘antibiotic days’ i.e. number of
antibiotics prescribed multiplied by the duration of treatment.
Data shown as mean and 95% ClI. *sterile for ETA, <10*CFU/ml for BAL.

Positive Negative Overall
sample sample antibiotic
result result* use
associated
with
diagnostic
technique
Qualitative 11.5(8.9-14) | 1.5 (0-5) 9.9 (7.4-12.3)
ETA
diagnosis
BAL 12.1 (8.8-15) | 5.8 (3.7-7.9) | 7.9(6-9.8)
diagnosis

Modelled effect on reported incidence

Based on the above data and test-specific data from the paired samples study
(with 95% CI as sensitivity analysis from Figure 1), the potential impact of
using exclusively ETA or BAL for diagnosis on the reported incidence of
microbiologically confirmed VAP in our ICU is shown in table 4. These data
suggested that if BAL were used exclusively together with HELICS
surveillance definitions of VAP (PN1), the reported incidence of VAP in our
population would be 76% (95% CI 67-87%) lower than if non-quantitative
ETA were used exclusively (PN4)(Relative Risk Reduction 0.22 (95% CI 0.17-
0.35). This estimate did not take into account the small (1%) false negative
rate with qualitative ETA cultures. Use of BAL in preference to a quantitative
ETA culture (PN2) would result in a 59% (95% CI 50-73%) reduction, but
quantitative ETA cultures would have a 6% false negative rate (and as can
be seen in Table 2, quantitative ETA culture did not have significantly better
diagnostic performance than qualitative ETA culture).
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Table 4: Modelled effect of exclusive use of ETA or BAL on the reported
incidence of VAP, using the numbers of clinically suspected VAP episodes
from infection surveillance occurring in the ICU over 12 months (Figure 2;
n=110).

Numbers show mean estimate and upper and lower confidence limit using
95% confidence intervals for proportions (z-test) and were derived using the
data from Figure 1.

BAL Qualitative Quantitative
Mean ETA ETA
estimate Mean estimate Mean estimate (95%
(95% CI) (95% ClI) Cl)
Positive 23 (11-35) 96 (85-106) 56 (41-69)
culture
Negative 87 (75-99) 14 (4-25) 54 (41-69)
culture
Proportion of 21% (10- 87% (77-96%) 51% (37-63%)
‘clinically 32%)
suspected
VAPS’ reported
as ‘confirmed
VAP’
Cases /1000 6.1 (2.9-9.2) |25.5(22.5-28.1) 15.0 (11.0-18.3)
ventilator days

Modelled effects on antibiotic use

Using the actual rates of antibiotic use associated with different diagnostic
techniques (table 3) and the test performance documented in the paired
sample analysis (table 4) the hypothetical effects of exclusively using either
ETA or BAL on total antibiotic use are shown in table 5. This model suggested
that antibiotic use could be reduced by up to 30% (95% CI: 20-42%) in our
ICU by using BAL rather than ETA if clinical use of antibiotics in response to
positive and negative ETA and BAL data did not change.
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Table 5: Modelled effect of changing diagnostic strategy on the antibiotic load
experienced by patients with suspected VAP. Data obtained by combining the
modelled effect on reported VAP incidence in table 4, with antibiotic load data
from table 3.

The numbers in brackets are those estimated using the 95% confidence
intervals from Figure 1.

BAL Qualitative
mean ETA mean
(95% CI) | (95% CI)
Positive 278 1104
culture (133-424) | (978-1219)
‘antibiotic
days’
Negative 505 (435- | 21
culture 574) (6-38)
‘antibiotic
days’
Total 783(568- | 1125 (984-
998) 1257)
‘antibiotic | 7.1 (5.2- | 10.2 (8.9-
days’ per |9.1) 11.4)
patient

Prospective evaluation of the effect of increasing the use of BAL on reported
VAP incidence and antibiotic use

The patient case mix was similar in both pre and post-intervention periods
(Table 6). Following the intervention the rate of bronchoscopy in suspected
VAP increased from 37% to 58% (68% in the final quarter of the analysis
period). The overall rate of clinically suspected VAP was similar before and
after the intervention (Table 6). In contrast there was a clinically and
statistically significant decrease in the reported incidence of confirmed VAP
during the 12 months following the practice change, (relative risk reduction
0.61 (95% CI 0.46-0.82) p=0.0012; Table 6). Antibiotic use decreased by
21%, which was clinically important (1.9 fewer antibiotic days per episode
during the second 12 months period, but did not reach statistical significance
(Table 6; P = 0.08). There was no difference in the proportion of patients who
had antibiotics changed in the 72 hours before diagnosis (16%), nor in the
proportion receiving antibiotics prior to diagnosis (89%, 70% within 72 hours
of diagnosis). Mortality for all patients with clinically suspected VAP fell from
37.5% to 17% (p=0.002), although the median Apache Il score in the patients
with clinically suspected VAP was lower in the post-intervention period (23 vs.
20 p=0.02). These data indicated changes consistent with those predicted in
our hypothetical model, particularly as the difference in the use of ETA versus
BAL was 21% compared with 100% in the model.
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Table 6: demographic characteristics of the populations of ITU patients
admitted during the pre and post-intervention periods, of the patients with
clinically suspected VAP and the effects of the intervention on diagnosis of
VAP and antibiotic use. * by z-test for proportions, f by t-test, 8 by Mann-

Whitney u-test

Pre-intervention Post-intervention Difference and | P value
period period 95% ClI
Entire population admitted to ICU
Total number of 1059 1075
patients
% male 58% 59% -1% (-5-3%) 0.43*
Mean age (years) 55.9 54.4 1.5 (0-3) 0.06t
Median (IQR) 17 (12-23) 17 (11-23) 0 0.918
Apache Il score
Median (IQR) length | 1.9 (0.9-4.9) 2.1 (0.9-4.85 0.2 0.788
of stay (days)
ICU Mortality 19% 20% -0.7%( -4-2.6%) | 0.6*
Patients ‘at risk’ 643 667
(i.e. length of stay
>48 hours)
Number of at risk 3771 3777
‘ventilator days’
Population with clinically suspected VAP
Number with 110 (17%) 94 (14%) -3% 0.16*
clinically suspected (-6- 1%)
VAP
Incidence of 29.1 24.9
suspected VAP (per
1000 ventilator
days)
Median (IQR) 23 (18-26.5) 20 (16-24) 3 0.028
Apache |l score
Number of 41 (37%) 53(58%) 19% (5-32%) 0.004*
suspected VAPs
undergoing
bronchoscopic
diagnosis
Cases of 68 (62%) 36 (40%) -22% 0.0012*
microbiologically (-36- - 10%)
confirmed VAP
% Gram Negative 51% 62% 11% 0.35*
organisms (-37- 15%)
Incidence of 18 9
confirmed VAP (per
1000 ventilator
days)
Mean ‘antibiotic 9.1 7.2 -1.8 0.08t
days’ (-3.8-0.4)
Mortality 37.5% 17% -20.5% (-19- - 0.003*
22%)
Median (IQR) 16 (10-30) 19 (10-27) 3 0.6
duration of
ventilation
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The reported incidence of VAP using HELICS surveillance methodology over
the entire period of evaluation (January 2006 to May 2008) are shown using
Statistical Process Control (SPC) charting in figure 3. Of note there were two
times when the incidence of VAP crossed the upper warning line, indicating
variation above normal background variability, during the pre-intervention
period and no episodes following it. Towards the latter part of the post-
intervention period the incidence dropped below the long-term average for our
unit suggesting a genuine reduction in reported incidence of VAP (for an in
depth review of SPC methodology see reference 24).

Discussion

This study provides the first evaluation of the effect of changing the method of
diagnosis on the rate of VAP within the context of normal clinical practice.
Using a combination of ongoing surveillance data and direct comparisons of
ETA and BAL performance in our own population we modelled the likely effect
of increasing the use of BAL on VAP rates and antibiotic use. We then
confirmed this effect using a practice change initiative. Our data suggest a
favorable effect on both reported VAP rates and antibiotic use from increasing
BAL use in routine clinical practice. The changes were consistent with the
effects predicted by the model given that the clinical change in diagnostic
method was significantly smaller than the hypothetical model (21% versus
100%).

A strength of our study was the use of high quality infection surveillance data
of routine clinical care collected by an independent infection control team, so
reducing the risk of bias. The modelling of the potential impact of practice
change was conducted using high quality samples from a single experienced
bronchoscopist using a highly standardized procedure. All data used in the
modelling process were derived from the unit in which the practice
improvement occurred, which minimised the number of assumptions that had
to be made. By conducting a sensitivity analysis we were able to explore the
potential range of effects.

The modelling was tested in the same institution through the use of a quality
improvement approach, thus embedding the evaluation within routine
practice. Analysis of the results was conducted by classic statistical tests and
statistical process control methodology which both demonstrated similar
effects.

Debate continues around the mortality that can be attributed to VAP (14) and
the value of using this as an outcome measure in studies (15), with a
suggestion that other measures such as antibiotic use should be used. The
reduction in antibiotics in our study did not achieve statistical significance,
although there was a strong trend towards this. The study was not powered
to detect a difference in antibiotic prescription, but rather was a pragmatic
investigation in the context of normal clinical practice.

Caution should be exercised in extrapolating these data to other populations.
The use of a before and after study design is subject to potential time and
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treatment effect biases, although the finding of similar results to those
predicted by the modelling is encouraging. We have compared ETA to a test
that is not a universally accepted gold standard (i.e. quantitative BAL). In
comparison to the proposed, but clinically impractical, gold standard of
histology quantitative BAL may have only moderate predictive ability (26, 27).
However, our comparison was pragmatic and clinically relevant.

The lack of specificity of ETA cultures has been noted previously (8,9) and
this is reflected in the higher proportion of diagnoses in patients whose
samples are ETA-derived (6). Some studies have suggested no difference in
sensitivity between the two technigues (28,29), and consequently no impact
on treatment or outcomes (7). Although some studies have suggested that
guantitative cultures of ETA can be used in place of invasive techniques (20,
30, 31), we did not demonstrate sufficient diagnostic performance to support
this approach, and the 6% rate of false negatives gives cause for concern.

Clinical criteria alone are problematic in the diagnosis of VAP, as a variety of
pathologies can mimic pneumonia (32). Attempts to develop more structured
clinical tools such as the Clinical Pulmonary Infection score (CPIS) have not
demonstrated significantly improved diagnosis (33), although they may have a
role in determining response to therapy (14). Our study confirms the low
specificity of clinical criteria.

The finding of reduced reported incidence with BAL based strategies has two
possible interpretations, which are relevant to the conflicting conclusions of
the two major RCTs in the field (6,7). First, it may be that quantitative BAL is
under-diagnosing true VAP, and that the apparent reduction in incidence and
reduction in antibiotic use represents missed VAPs and hence under-
treatment. The second interpretation is that ETA over-diagnoses VAP and
that use of this method results in over-treatment. Were the former to be
correct one might expect a reduction in antibiotic use to be associated with an
increased mortality or duration of ventilation. In our study we found a
reduction in mortality. There are several possible explanations for this
observation. It is possible that the case mix was different, despite comparing
all patients fulfilling clinical HELICS VAP criteria (a similar proportion in both
cohorts). lliness severity at ICU admission was higher in the pre-intervention
group, as indicated by higher APACHE Il scores, which is likely to account for
some of the observed effect. However, the observed reduction in mortality
associated with clinically suspected VAP is consistent with a previous RCT (6)
and other studies (34) showing associations between inappropriate antibiotic
therapy and increased mortality. It is not possible from our before and after
study to be sure of the relative contribution, if any, to reduced mortality from
changing diagnostic methodology.

Much of the debate concerning methods of diagnosis of VAP has revolved
around the impact on patient outcomes (15). This is the first study to look
specifically at the effect on incidence rates, which are of crucial importance to
intra- and inter-unit comparisons. These form the cornerstones of
‘benchmarking’ in the quality improvement processes (2,3). With the potential
for the withdrawal of reimbursement by Medicaid and Medicare for episodes
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of VAP in US hospitals, variations in incidence rates may also have significant
financial impact. The variability in incidence demonstrated above leads us to
guestion the usefulness of comparisons of VAP rates for quality control,
unless there is considerably more standardization of diagnostic techniques.

We have demonstrated that, in a unit that is receptive to the idea, the
bronchoscopy rate in suspected VAP can be increased and that this increase
leads to a significant decrease in reported incidence. Alongside this is a
reduction in antibiotic use, suggesting that it is what the clinician does with the
information derived from diagnostic testing that is of crucial importance.
Despite most infections being mono-bacterial, especially amongst those who
underwent diagnosis by BAL, most patients initially received a combination of
antibiotics, with de-escalation once the infective organism was confirmed by
microbiological culture. This is in accordance with suggested anti-microbial
best practice (12,13). In the future the use of more rapid diagnostic strategies
such as polymerase chain reaction testing (35) may allow de-escalation to
occur more promptly, so further reducing antibiotic exposure. The finding that
our unit tended to use shorter courses of antibiotics for negative ETA samples
than for negative BAL samples is intriguing. This study was not designed to
look at clinicians’ decision making processes. It is possible that there were
differences between patients selected for bronchoscopy and those who were
not. Alternatively, clinicians may have greater confidence that a negative
ETA, which in our unit meant no bacterial growth, reflected a true negative for
pneumonia. A negative BAL, where bacterial growth below the threshold of
10* CFU/ml was classed as negative may have been associated with greater
clinical uncertainty.

A number of interventions have been proposed to reduce rates of VAP, which
have been included in ‘ventilator care bundles’, promoted by a growing
number of quality improvement organisations (2,3). The results of this study
suggest that increasing the use of bronchoscopy as the preferred diagnostic
modality may significantly reduce reported VAP rates. This is clearly relevant
to any research in this area and future trials into diagnostic technique should
take into account how the information from these tests is applied by clinicians.
It is also vital that comparisons between units take account of differences in
diagnostic technique used, and that changes in diagnostic technique be
reported alongside any apparent changes in incidence.
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Figure Legends

Figure 1: Diagnostic tree for VAP by ETA using quantitative cultures obtained
from rigorously standardised BAL as the reference. Panel A demonstrates
this for qualitative cultures, Panel B for quantitative ETA cultures taking >10°
CFU/ml of ETA fluid as positive.

Figure 2: Data from routine infection surveillance. Patients at risk of VAP are
all those mechanically ventilated for =2 48 hours. PN numbers refer to the
criteria laid out in the HELICS protocol (see table 1).

Figure 3: Statistical process chart showing incidence of confirmed VAP in the
pre and post intervention periods. UCL=upper control line, UWL=upper
warning line, Process av=process average. Lower control line and lower
warning lines omitted for clarity.
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Supplementary material

Procedure for obtaining bronchoscopic and endo-tracheal samples

All bronchoscopically-guided BALs were performed by a single, experienced
operator. Immediately prior to the bronchoscopy an endotracheal suction was
performed and the secretions collected. This sample was defined as the ETA.
Bronchoscopy was performed and the bronchoscope was wedged in a subsegment
corresponding to the area of radiological involvement or (in the case of diffuse
radiographic change) in a subsegment producing visible purulent secretion.
Bronchoalveolar lavage (BAL) was performed using 50ml aliquots of warm sterile
saline (total volume instilled, 200mls), with the first aliquot being discarded as
bronchiolar (el-e3). Exclusion criteriafor this study, defined mainly for safety
criteriafor bronchoscopy, were PaO,<8kPa on FiO>0.7, positive end-expiratory
pressure >15cmH;0, active bronchospasm, myocardial infarction within the last 3
months, unstable arrhythmia, mean arterial pressure <65mmHg on vasopressor
therapy, bleeding diathesis (including platelet count <20x10%litre), and initiation or

modification of antibiotics in the preceding 72 hours.

Infection surveillance data collection:

From December 2005 to May 2008, we collected detailed infection surveillance data

for VAP using the Hospitals in Europe Link for Infection Control through

Surveillance system (HELICS)(7). Surveillance data were collected prospectively, by
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dedicated infection surveillance nurses, on all admissions who remained in the ICU >
2 calendar days. Pneumonias were diagnosed using the criteria of the HELICS
protocol (table E1). All patients with suspected VAP, namely those meeting clinical
criteriawere noted (PN1-5 in table 2). Confirmed VAP was the term used for those

with positive microbiological cultures (PN1-4 in table 2)

Local intensity of antibiotic use for clinically suspected VAP

During the pre-intervention infection surveillance section, the ‘antibiotic load’ as a
result of treating clinically suspected VAP was quantified by calculating the total
“antibiotic days” associated with each suspected VAP episode. This was defined as
the number of antibiotics multiplied by the duration of treatment (for example,
vancomycin for 4 days and meropenem for 8 days equalled 12 antibiotic days).
Unit policy throughout the sudy period was to start broad-spectrum antibiotics
(usualy aiming to cover Gram negative and Gram positive bacteriaincluding
meticillin resistant Staphylococcus aureus (MRSA)) and then consider deescalation
when the results of cultures were available. These data were used to calculate mean
duration of antibiotic therapy per episode of VAP when BAL and ETA were used for

diagnosis.

Potential impact of diagnostic technique on reported incidence of VAP

We used the infection surveillance data collected in our unit to document the total
number of clinically suspected VAPs that occurred in our patients. Using the data
evaluating diagnostic accuracy of ETA compared with quantitative BAL we then

estimated the incidence of VAP that might have been reported if either BAL had been
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used for al clinically suspected cases or ETA had been used for al clinically
suspected cases. In this model we assumed that positive BAL >10*CFU/ml occurred
with the same incidence observed in the paired sample study and that the diagnostic
accuracy of ETA was identical to that observed, used the 95% Confidence intervals
to estimate the likely range reported incidence. Using data on antibiotic days
prescribed per episode of VAP, diagnosed by ETA or BAL, we estimated the likely

effect of practice change on antibiotic use.

Before and after analysis

Data from the infection surveillance for the two periods (12 months prior to
intervention and the 12 months following it —with a2 month ‘run in period’) was
collected and analysed. Specifically we examined the rates of suspected VAP and the
rates of microbiologically confirmed VAP, the proportion of patients undergoing
bronchoscopic diagnosis and the total number of ‘antibiotic days' attributable to each
episode of VAP. Summary statistics of these were compared, both as simple rates and
as incidence per 1000 ventilator days. Categorical data was analysed by z-test for
difference in proportions, normally distributed continuous variables by t-test and non-
normally distributed by Mann-Whitney u-test, ap value of <0.05 was taken as

significant.
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Total patients
with clinical
VAP
53

BAL Culture
positive
11
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negative

Qualitative
ETA positive
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ETA negative
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ETA negative

6

Total patients
with clinical
VAP
53

BAL culture
positive
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42

Quantitative
ETA positive
8

Quantitative
ETA negative
3

Quantitative
ETA positive
19

Quantitative
ETA negative
23

y6uAdoo Aq pajaalold 1senb Aq 20z ‘6T Idy uo /wod" g xeloyy/:dny woly papeojumod ‘6002 Arenigad ZT uo 6£20TT 8002 XUY9ETT 0T Se paysiignd 1sul) :xeioy L


http://thorax.bmj.com/

Total patients ‘at risk’

3771 ventilator days

643

Suspected VAP

29.1 per 1000 ventilator days

110

(PN5) Clinical VAP
without positive cultures
42

Clinical VAP
with positive cultures
68
18 per 1000 ventilator days

(PN1) Clinical VAP
with positive BAL culture
18

(PN3) Clinical VAP

with positive pleural
fluid culture

3

(PN4) Clinical VAP
with positive
qualitative ETA culture
47
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