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Introduction

Epidemiology of VAP

Ventilator-associated pneumonia (VAP) is the most common nosocomial infection in patients
in intensive care units (ICU). ICU patients are prone to develop VAP, primarily because of
intubation, but also because of their underlying diseases and the frequent use of antibiotics,
although the role of antibiotics is controversial (i.e. it has been associated with both higher
and lower risks). In a 1-day point—prevalence survey in 1265 ICUs worldwide in 2007, the
prevalence of respiratory tract infection was 64% among all infected patients (1). Because
of its obvious importance for patient care, a considerable body of clinical research has been
dedicated to diagnosis, prognosis, treatment and prevention of VAP Yet, even after more than 25
years controversies remain on important topics like defining the optimal diagnostic methods
for VAP, effectiveness of different VAP prevention strategies and to what extent VAP affects
patient survival.

Diagnosis of VAP

The optimal method to diagnose VAP is unknown. Various diagnostic strategies have been
proposed and they can be subdivided into non-invasive techniques, based primarily on clinical
features and microbiological cultures of endotracheal aspirates, and invasive techniques based
on quantitative cultures of respiratory tract secretions collected by invasive techniques (e.g.
bronchoalveolar lavage (BAL), plugged telescoping catheter (PTC) and protected specimen
brush (PSB)). Until now there is no clinically feasible gold standard for diagnosing VAP, which
precludes accurate determination of test characteristics of the different diagnostic methods.
To bypass this fundamental problem of the absence of a gold standard, the consequences of
using different diagnostic approaches on patient outcome have been evaluated in randomized
trials(2-6). Yet, most of these studies were not able to demonstrate a beneficial effect of one
strategy above the other regarding mortality. Only the study of Fagon et al (7) demonstrated
a significant beneficial effect of an invasive technique regarding mortality at day 14. However
no significant difference was found regarding mortality at day 28. Furthermore, most studies
were too small to demonstrate a possible difference. Naturally, the lack of a gold standard for
the diagnosis of VAP also complicates studies that evaluate prevention strategies for VAP or that
aim to estimate the attributable mortality of VAP Nevertheless, many studies with these specific
research questions have been performed and the comparison of their results is rather difficult,
as different diagnostic methods with different sensitivities and specificities have been used.

Prevention of VAP

Multiple interventions to prevent VAP have been evaluated, mostly in small single-center
studies. Favourable effects on the incidence of VAP were obtained in numerous studies(8-16),
yet hardly any intervention was associated with a statistically significant reduction of
mortality. Probably because most of these studies were underpowered for demonstrating such
a difference. Prevention methods should have the ultimate goal to improve the outcome of
patients, preferably through reducing mortality. In order to adequately evaluate these prevention
measures, knowledge about the attributable mortality of VAP is necessary in order to design

Chapter 1
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adequately powered trials. Moreover, quantifying attributable mortality of VAP in relevant
subgroups is essential for determining the burden of disease associated with this “serious
complication” of ICU treatment.

Morbidity, mortality and VAP

VAP complicates the treatment of ICU patients by increasing the duration of mechanical
ventilation, length of stay in ICU and mortality. Yet, the exact attributable mortality of VAP
is unknown with estimates ranging from zero to 60%(17-22). These currently available
estimates are difficult to interpret and compare, because of differences in study quality,
patient populations studied, diagnostic methods used and causative pathogens identified.
Moreover, many studies are limited by the methodology used. As most of these studies were
observational confounding could have had a major impact on study results. Typically, matching
and adjustments in multivariate models have been used to address confounding. However, not
all studies used these methods, and if used, large differences between studies remained in type
and quantity of matching criteria and/or possible confounders. These studies are also at risk
of unmeasured (i.e. potential confounders were inadequately observed or not observed at all)
and/or residual (unknown) confounding. Furthermore, most studies suffered, due to small
sample sizes, from a lack of statistical power, the inability to properly adjust for confounding
and the evaluation of differences in mortality in subgroups of patients. Finally, in none of these
studies investigators accounted for time dependent bias and competing risks. Yet, the relevance
of these aspects have been clearly described in recent studies (23-25). Thus, although many
attempts have been undertaken to quantify the relation between VAP and morality, the exact

association remains unknown.

Aim of this thesis

The key objective of this thesis is to assess the association between VAP and mortality using

various state-of-the-art statistical techniques.

More specific aims comprise:

1. The use of meta-analytical techniques:
a. To qualitatively and quantitatively combine all available observational studies evaluating
VAP and mortality.
b. To determine the attributable mortality using summarized data out of VAP prevention
trials, with a focus on limiting the role of confounding.

2. The use of survival analyses to determine the association between VAP and mortality, taking
time-dependent bias and competing risks into account.

3. To evaluate the role of subgroups in the attributable mortality of VAP and prevention of

nosocomial infections.

10-01-12 08:43
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Scope and outline of this thesis

The first part of this thesis (chapters 2,3,4 and 5) focuses on the association of VAP and mortality
using different meta-analytic techniques. In chapter 2 we will estimate the attributable mortality
of VAP based on all observational studies investigating this association. We will also attempt
to quantitatively combine the results of all studies, including assessment of the influence of
study quality, study methodology, diagnostic methods and admission diagnosis on attributable
mortality. In chapter 3, we will determine the attributable mortality using the published data
from all randomized VAP prevention trials. As patients were randomized to some preventive
intervention this approach will reduce the influence of confounding. In chapter 4 we will use
the individual patient data of randomized VAP prevention trials to determine the attributable
mortality of VAP in subgroups of patients. In chapter 5 we will use the individual patient data
of randomized VAP prevention trials to determine the attributable mortality of VAP caused by
different pathogens.

In chapter 6 we discuss and demonstrate the assessment of heterogeneity, the accuracy of the
available methods to quantify heterogeneity and its effect on the reliability in a meta-analysis.
In chapter 7 we focus on the importance of subgroup effects and use the data of the largest
study ever performed to evaluate SOD and SDD in subgroups of surgical and non-surgical
patients.

In chapter 8, all available and applied methods when estimating the influence of nosocomial
infections and mortality are discussed, in the light of known methodological challenges.

Chapter 1
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Chapter 2

SUMMARY

Background
Ventilator-associated Pneumonia (VAP) is generally believed to increase the mortality of
patients. This notion is predominantly based upon the results of observational studies.

Objective
A systematic review and meta-analysis of observational studies was performed to determine the
attributable mortality of VAP

Data sources

We performed a systematic search strategy using PubMed, Web of Science and Embase from
their inception through February 2007. In addition, a reference and related article search was
performed. Studies were included if they reported mortality rates of patients with and without
VAP,

Results

Fifty-two studies with a total of 17.347 patients met the inclusion criteria. Pooling of all studies
resulted in relative risk of 1.27 (95% CI 1.15 to 1.39), but heterogeneity was considerable
(Istatistic of 69%).The origin of heterogeneity could not be explained by differences in study
design, study quality and diagnostic approach. However heterogeneity was limited for studies
investigating only trauma patients (I’=1.3%) or acute respiratory distress syndrome (ARDS)
patients (I*=0%), with estimated relative risk of 1.09 (95% CI 0.87-1.37) among trauma
patients and 0.86 (95% CI 0.72-1.04) among ARDS patients.

Conclusion

There is no evidence of attributable mortality due to VAP in patients with trauma or ARDS.
However, in other, non-specified, patient groups, there is evidence for attributable mortality
due to VAP, but this could not be quantified due to heterogeneity in study results. More detailed
studies, allowing subgroup analyses, are needed to determine the attributable mortality of VAP

in these patient populations.
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INTRODUCTION

Ventilator-associated pneumonia (VAP) is one of the most frequently occurring nosocomial
infections, complicating medical treatment of intensive care (ICU) patients receiving
mechanical ventilation(1). In the United States, VAP has recently been proposed as a quality-of-
care indicator for hospitals, since it is generally believed that VAP increases both morbidity and
mortality of ICU patients(2). This belief is predominantly based on the results of observational
studies using a (matched) cohort design. However, a systematic approach to quantitatively
combine the results of all available studies evaluating the association between the development
of VAP and mortality does not exist. The aim of this review, therefore, was to determine the
attributable mortality of VAP by systematically identifying and quantitatively combining all
available observational studies.

METHODS

We searched PubMed, Embase and Web of Science from their inception to February 2007
using the terms “ventilator associated pneumonia”, “ventilator associated pneumonias”,
“vap”, “nosocomial pneumonia”, “hospital acquired pneumonia”, “mortality”, “outcome”,
“survival” and “death” to identify articles reporting on the association between VAP and
mortality. In addition, a reference and related article search was performed.

Study selection and data extraction

Identified abstracts were screened without blinding to authors and journal. Potentially relevant
studies were obtained and the full text examined. Studies were eligible if a group of patients
with VAP was compared with a group of patients without VAP, and if patients (both in the
pneumonia and reference group) were mechanically ventilated. Furthermore, in both groups
determination of the total number of patients and corresponding mortality should be possible.
Studies published only as abstracts or in non-english language were excluded, because sufficient
data were needed for a thorough quality assessment. Studies only including cardiac surgery
patients were excluded, since they compromise a distinct ICU patient population with different
baseline mortality rates (0.2% and 3% (3;4)).

For each study the following characteristics were extracted: total number of patients in VAP
and reference group with corresponding mortality rates, study setting, study population (e.g.
trauma, surgical, medical), diagnostic criteria for VAP, matching criteria and success of matching
(in case of matched cohort studies) and the statistical analyses used to evaluate the association
of VAP and mortality. The study selection and data extraction were performed by W.M.

Quality assessment

The quality of the included studies was appraised by a quality scoring system quantifying both
methodological quality and eligibility of the primary studies for this review. The eligibility was
quantified because studies not specifically designed to determine the mortality of VAP, were

Chapter 2
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also included. The criteria of the scoring system were based upon the previously proposed
criteria from Cook et al (5). We adjusted this scoring system by adding items for the assessment
of diagnostic methods and matching (Box 1).The three main categories of the scoring system
include comparability of study population, diagnostic methods as well as accurateness of
matching in case of matched cohort studies. The sub score of each objective was, before adding
up to a total score, multiplied by a factor (respectively 3, 2.4 and in the case of matching criteria
with 2), in order to give each objective the same weight in the total score. The maximum score
in case of cohort and matched cohort studies was 24 and 36, respectively. The studies with a
total score of at least two third of the maximum score were regarded as those with the highest
quality (i.e. = 24 in matched cohort studies and = 16 points in cohort studies).

Box 1. Assessment of Quality and Eligibility

Score Criteria

I Population

Patient selection
1 Case patients; ICU patients,mechanically ventilated >48 hrs, VAP

Control patients; ICU patients, mechanically ventilated >48hrs, no
VAP

Patient characteristics

- Age (mean differs by <10%)

- Sex (proportion of males in each group differs by <10%
Diagnosis (proportion with the following differing by <10%
- Chronic obstructive airway disease

- Respiratory failure

= Pneumonia at entry

2, Groups comparable on =6 - Other (icu-acquired) infections
characteristics - Tracheostomy
1, Groups comparable on 3 to 5 Sepsi

> - epsis
characteristics )

- Renal failure

0, Groups comparable on <2
s - CNS disease/neurologic disease

- Hepatic failure
- Trauma
- Surgery
- Diabetes Mellitus
- Malignancy
- ARDS
- Score for severity of illness
II Assessment of the diagnosis Ventilator-associated Pneumonia (VAP)
Confirmation clinical suspicion by BAL/PSB/PTC

5 - All patients
& - Subset of patients
20
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Confirmation clinical suspicion by endotracheal aspirate
3 - Quantitative
2 = Semiquantative
Clinical suspicion (CDC-criteria)
- Radiologic evidence of new and persistant (>48hrs)
pulmonary infiltrates
+ at least two of the following features:
- Temperature higher than 38° C and lower than 35° C

- Peripheral leucocytosis

Chapter 2

- Leucocyte count lower than 4000 per mm?®
= Purulent respiratory secretions
1 - Appearance or worsening of respiratory insufficiency

None of the above described methods or not clear which method

0
was used

IIT Matching of the groups (in case of matched cohort studies)

Number of criteria

2 - >6
= 3-6
0 = <3
Success of matching
2 = 95-100%
= 85-95%
0 - < 85% / unknown

The following variable is part of the matching process or
comparable between cases and controls:

1 - duration of mechanical ventilation prior to VAP
1 - severity of illness

Total score cohort studies: 3*I + 2.4*II (maximum score:24)
Total score matched cohort studies: 3*I + 2.4*II + 2 III (maximum score: 36)

Statistical Analysis

The meta-analysis was carried out using Review manager (version 4.2.8. The Cochrane
Collaboration, Oxford). We used the random-effects model to calculate pooled relative risks
and 95% confidence intervals. I* statistics were used to assess heterogeneity. This quantity
describes the percentage of total variation across studies that is due to heterogeneity rather than
chance. Larger values of I* show increasing heterogeneity. Heterogeneity was defined to be low,
moderate or high with I* below 25%, between 25 and 75%, and above 7 5%, respectively(6).
To explain differences in outcome and to limit heterogeneity between the studies, subgroup
analyses were performed, in which studies with comparable characteristics were pooled. The
a priori hypotheses to explain heterogeneity were differences in study population, methods to
diagnose VAP, study design and study quality. Funnel plots were used to assess publication bias.

21
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Figure 1. Flow chart of literature search

Citations identified per database:
1450 from PubMed

1338 from Embase

1387 from Web of Science

A

A 4

Removal of the duplicates between databases
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2267 individual citations
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A

A

49 publications

Inclusion criteria:

Adult patients

All mechanically ventilated

Patients with VAP

Patients without VAP

Mortality rates patients with VAP and
without VAP

No randomization

A

A

Reference and related article search: 1

50 publications; describing 52
studies (see text)

RESULTS

Initially, 1.450 articles were identified in PubMed, 1.387 in the Web of Science and 1.338 in
Embase (figure 1). Of the 2.267 individual articles, 49 met the inclusion criteria (7-55). An
additional article was found by searching the reference lists(56). Most articles were excluded
because no data was available on the number of patients with or withoutVAP, unclear information
of the ventilation status of included patients and lack of the mortality rates of patients with or
without VAP. The studies by Chastre(15) and Markowicz(37) were included twice since both
studies provided data from general ICU patients and from patients with acute respiratory distress
syndrome (ARDS). Thus in total 52 individual studies were included in our analysis. Study
characteristics and mortality rates of matched cohort and cohort studies are summarized in
table 1 and 2. In nine studies only trauma patients were included(9;14;16;30;36;44;45;47,56)

and in four studies only patients with ARDS(15;19;37;48).
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Quality assessment

All studies were qualified using the previous described criteria, resulting in the scores as
provided in table 1 and 2. Baseline characteristics of patients with and without VAP were
missing in some studies. Comparability of study groups was reached for less than two baseline
characteristics in 4 matched cohort and 12 cohort studies. The diagnostic approach of the
studies consisted of quantitative cultures obtained by PSB, BAL or PTC (n=33) or endotracheal
aspirates (n=6) to confirm the clinical suspicion of VAP, but for some studies no uniform
approach could be determined, as data from multiple centres with different approaches were
used. Among the matched cohort studies different criteria were used for matching and the
numbers of criteria ranged from 2 to 13. The success of matching (when provided) ranged
from around 74%(9) to 100% (10;30;36). The studies with a total score of at least two third
of the maximum score were regarded as those with the highest quality (i.e. = 24 in matched
cohort studies (n=9) and = 16 points in cohort studies (n=9)).

The funnel plot for all the studies evaluating VAP was symmetrical, indicating that publication
bias was limited (figure 2).

Figure 2: Funnelplot

Review: Systematic review VAP
Comparison:  Patients with and without VAP
Outcome: Mortality
100 SE(log RR)
[
[
T0.1 o @
° ° N
o Og
o % %
[ )
T02 (]
° ° o % s
° ° ) * °
°
'1d
°
03 ° o2 °
[ )
° °
° [
T04 ’ ° °
[ ]
| | | | ) |
t t t t t 1
0.1 02 05 1 2 5 10

RR (random)
VAP= Ventilator-associated Pneumonia, SE=standard error, RR= relative risk

Mortality

In total, 52 studies including 4882 VAP patients and 12465 control patients were eligible for
our review. A considerable variation in mortality rates of patients with VAP was found; 14 to
70% in the matched cohort studies and 16 to 78% in the other observational studies. The
pooled relative risk of the association of VAP and mortality was 1.27 (95% CI 1.15 to 1.39),
but with an I” statistic of 69%, indicating considerable heterogeneity among studies (figure 3).
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Figure 3. Relative risk of Ventilator-associated Pneumonia on mortality

Review: Systematic review VAP

Comparison: VAP and Mortality; all studies

Outcome: Mortality

Study VAP Control RR (random) Weight RR (random)

or sub-category n/N n/N 95% CI % 95% CI

Woske 11/49 25/54 —_— 1.45 0.48 [0.27, 0.88]
Myny 17/89 92/296 —_— 1.88 0.61 [0.39, 0.97]
Leone 10/58 14/58 _— 1.14 0.71 [0.35, 1.48]
Chastre 16/31 18/25 —_— 2.03 0.72 [0.47, 1.09]
Sutherland 6/16 40/89 _— 1.25 0.83 [0.43, 1.64]
Boots 31/131 190/663 —r 2.40 0.83 [0.59, 1.15]
Delclaux 14/18 11/12 —] 2.52 0.85 [0.63, 1.15]
Rodriguez 26/130 38/164 —_— 1.95 0.86 [0.55, 1.34]
Markowicz 28/49 50/85 — 2.52 0.97 [0.72, 1.31]
Guimaraes 47/106 79/172 — 2.66 0.97 [0.74, 1.26]
Jaimes 11/60 39/210 — 1.42 0.99 [0.54, 1.81]
Tejerina 166/439 166/439 - 3.05 1.00 [0.84, 1.18]
Rello (2002) 249/816 682/2243 - 3.20 1.00 [0.89, 1.13]
Cocanour 10/70 10/70 0.97 1.00 [0.44, 2.25]
Cavalcanti 14/62 14/62 —_— 1.30 1.00 [0.52, 1.92]
Baker 7/29 14/58 RS S 1.01 1.00 [0.45, 2.20]
Jimenez 5/18 16/59 _— 0.90 1.02 [0.44, 2.41]
Papazian 34/85 33/85 _— 2.22 1.03 [0.71, 1.50]
Kolie 34/87 85/227 _ 2.47 1.04 [0.76, 1.43]
MarkowiczIl 67/162 225/582 —-— 2.90 1.07 [0.87, 1.32]
Bonten 14/42 13/42 —_— 1.38 1.08 [0.58, 2.01]
Stephan 16/78 18/97 _— 1.43 1.11 [0.60, 2.02]
Rello 24/58 77/206 — 2.30 1.11 [0.78, 1.58]
Kooi 73/281 287/1235 da 2.85 1.12 [0.90, 1.40]
Sofianou 18/67 31/131 —_— 1.74 1.14 [0.69, 1.87]
Apostolopoulou 22/56 40/119 — 2.06 1.17 [0.77, 1.76]
Ensminger 8/17 29/75 —t 1.50 1.22 [0.68, 2.17]
Hugonnet 31/97 24/97 —— 1.91 1.29 [0.82, 2.03]
Heyland 41/173 31/173 4 2.05 1.32 [0.87, 2.01]
Kanafani 13/33 11/37 —_— 1.30 1.33 [0.69, 2.54]
Akca 25/81 41/179 S 2.02 1.35 [0.88, 2.06]
Rincon Ferrari 15/72 11/72 — 1.18 1.36 [0.67, 2.76]
Bercault (2005) 17/43 55/193 i - — 1.99 1.39 [0.90, 2.14]
Ibrahim 60/132 241/748 —- 2.88 1.41 [1.14, 1.75]
Timsit 33/56 135/331 —_ 2.72 1.44 [1.12, 1.86]
Warren 64/127 237/692 —_ 2.93 1.47 [1.20, 1.80]
Craven 27/49 68/184 _— 2.46 1.49 [1.09, 2.04]
Kollef (1997) 29/77 102/444 —_— 2.38 1.64 [1.17, 2.29]
Chastrell 25/53 38/134 — 2.14 1.66 [1.12, 2.46]
Torres 26/78 47/244 _— 2.09 1.73 [1.15, 2.60]
Bronchard 11/45 9/64 N I — 1.00 1.74 [0.79, 3.85]
Noor 40/70 58/180 _— 2.55 1.77 [1.32, 2.38]
Fagon 26/48 13/48 p— S 1.64 2.00 [1.17, 3.41]
Erbay 26/37 21/60 JE—— 2.10 2.01 [1.34, 3.01]
Violan 28/82 39/232 _— 2.05 2.03 [1.34, 3.08]
Georges 19/35 26/100 — - 1.92 2.09 [1.33, 3.27]
Kappstein 21/78 24/192 —_— 1.67 2.15 [1.28, 3.63]
Nseir 50/77 22/77 —_— 2.15 2.27 [1.54, 3.35]
Kallel 17/57 7/57 0.99 2.43 [1.09, 5.40]
Bercault 55/135 19/135 _— 1.87 2.89 [1.82, 4.60]
Kollef (1993) 16/43 20/234 P— 1.52 4.35 [2.46, 7.71]
Total (95% CI) 4882 12465 ‘ 100.00 1.27 [1.15, 1.39]
Total events: 1693 (VAP), 3635 (Control)

Test for heterogeneity: Chi? = 161.43, df = 50 (P < 0.00001), I> = 69.0%

Test for overall effect: Z = 4.88 (P <0.00001)

01 02 05 1 2 5 10
Favours treatment  Favours control

Graph sorted by study design (matched-cohort versus cohort studies).

VAP= Ventilator-associated Pneumonia, n=total number of patients who died, N= total number of patients, RR=

relative risk, CI= confidence interval.

27

Chapter 2

10-01-12 08:43



7 ™ydey)

Melsen.indd 28

Chapter 2

This heterogeneity remained high when we subdivided the matched cohort and cohort studies
(71.5% and 67.3%, respectively; table 3), and when we evaluated studies only including patients
mechanically ventilated for more than 48 hours (data not shown). The association between
VAP and mortality was further analysed by pooling studies with comparable characteristics,
such as diagnostic approaches, quality score and patient populations. Although these analyses
demonstrated pooled relative risks ranging from 1.21 to 1.35, heterogeneity was >60% in
each analysis (table 3). Little heterogeneity (I’=1.3%), though, was found after pooling the
results of the studies evaluating trauma patients, yielding a RR of 1.09 (95% CI 0.87 to 1.37)
(figure 4). Pooling the results of patients with acute respiratory distress syndrome (ARDS) also
yielded a low level of heterogeneity (I* = 0%) and a RR of 0.86 (95% CI 0.72 to 1.04) (figure

5).

Figure 4. Relative risk of Ventilator-associated Pneumonia on mortality among trauma patients

Review: Systematic review VAP; Traumapatients
Comparison: ~ Traumapatients with and without VAP
Outcome: Mortality
Study VAP Control RR (random) Weight RR (random)
or sub-category n/N n/N 95% CI % 95% CI
Baker 7/29 14/58 —_— 7.91 1.00 [0.45, 2.20]
Bronchard 11/45 9/64 e e 7.84 1.74 [0.79, 3.85]
Cavalcanti 14/62 14/62 —_— 11.58 1.00 [0.52, 1.92]
Cocanour 10/70 10/70 —_— 7.51 1.00 [0.44, 2.25]
Kallel 17/57 7/57 I a— 7.72 2.43 [1.09, 5.40]
Leone 10/58 14/58 —_—— 9.38 0.71 [0.35, 1.48]
Rincon Ferrari 15/72 11/72 —_— 9.89 1.36 [0.67, 2.76]
Rodriguez 26/130 38/164 — 24.71 0.86 [0.55, 1.34]
Stephan 16/78 18/97 —_— 13.46 1.11 [0.60, 2.02]
Total (95% CI) 601 702 > 100.00 1.09 [0.87, 1.37]
Total events: 126 (VAP), 135 (Control)
Test for heterogeneity: Chi2=8.11,df =8 (P=042),1>=1.3%
Test for overall effect: Z=0.77 (P = 0.44)

0.1 02 0.5 1 2 5 10

Control VAP

VAP= Ventilator-associated Pneumonia, n=total number of patients who died, N= total number of patients, RR=
relative risk, CI= confidence interval.

Figure 5. Relative risk of Ventilator-associated Pneumonia on mortality among patients with Acute
Respiratory Distress Syndrome (ARDS)

Review : Systematic review VAP; Acute Respiratory Distress Syndrome
Comparison: Patients with and without VAP and Mortality
Outcome : Mortality
Study VAP Control RR (random) Weight RR (random)
or sub-category n/N n/N 95% CI % 95% CI
Chastre 16/31 18/25 — 18.91 0.72 [0.47, 1.09]
Delclaux 14/18 11/12 —= 36.94 0.85 [0.63, 1.15]
Markowicz 28/49 50/85 —— 36.80 0.97 [0.72, 1.31]
Sutherland 6/16 40/89 —_— 7.35 0.83 [0.43, 1.64]
Total (95% CI) 114 211 <& 100.00 0.86 [0.72, 1.04]
Total events: 64 (VAP), 119 (Control)
Test for heterogeneity: Chi2=1.38,df =3 (P=0.71),12=0%
Test for overall effect: Z=1.59 (P=0.11)

01 02 05 1 2 5 10

Control VAP

VAP= Ventilator-associated Pneumonia, n=total number of patients who died, N= total number of patients, RR=
relative risk, CI= confidence interval.
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In the studies that did not include only trauma patients or patients with ARDS (n=38), 31
showed a RR above 1 and 16 studies were able to demonstrate a significant higher mortality
rate of VAP (pooled RR 1.34 95% CI (1.21 to 1.49) (data not shown)). Nine of these studies
also performed multivariate analyses to adjust for possible confounders. In five of these studies
(18;21;27;33;53) the association between VAP and mortality disappeared, whereas in the
other four (10;35;40;50) the association remained. In one of these studies(10), though, only
for episodes of VAP caused by multiresistant pathogens.

Table 3. Overview of subgroup analyses

VAP Control
No of deaths/ ~ No of deaths/ RR 95% CI I*-statistic

Total pts Total pts
All studies (n=51) 1693/4882 3635/12465 1.27 [1.15 to 1.39] 69.0%
Study Design
Cohort studies (n=36) 970/2762 2706/9526  1.23[1.11to 1.38] 67.3%
Matched cohort studies 765/2297 1094/3776 1.35[1.12 to 1.64] 71.5%
(n=16)
Diagnostic Approach
BAL/PSB/PTC (n=31) 722/2010 1376/4419 1.21 [1.07 to 1.37] 62.3%
Clinical Criteria (n=20) 971/2872 2259/8046  1.35[1.16to 1.56] 76.9%
Studypopulation
General ICU patients” (n=35) 1427/4038 3305/11300 1.31[1.18 to 1.46] 72.1%
Trauma Patients (n=9) 126/601 135/702 1.09 [0.87 to 1.37] 1.3%
ARDS (n=4) 64/114 119/211 0.86 [0.72 to 1.04] 0%
Study Quality*
Highest score (n=18) 483/1396 870/3146  1.26[1.04t0 1.52]  72.0%
Lowest score (n=28) 1103/3255 2479/8706 1.27 [1.12 to 1.43] 70.3%

# General ICU patients: mix of patients consisting of variable proportions of medical, surgical and trauma patients.
“ Highest score; the studies with a total score above 24 (matched cohort studies) and 16 (cohort studies).

DISCUSSION

This systematic review of all studies evaluating the association between VAP and mortality
provides very contradictory results. When pooling all available evidence the relative risk of the
association of VAP and mortality was estimated to be 1.27 (95% CI 1.15 to 1.39), but with
an amount of heterogeneity among study outcomes being as high as 69%. This high level of
heterogeneity could not be reduced by pooling studies with similar methodology, clinical
characteristics and quality. Only for studies including trauma patients or patients with ARDS
the variation among study results was low (with I* of 1.3% and 0%, respectively). The pooled
analysis of these studies failed to demonstrate attributable mortality due to VAP (RR of 1.09
(95% CI 0.87 to 1.37) for trauma patients and a RR of 0.86 (95% CI 0.72 to 1.04) for patients
with ARDS
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Since there is currently no consensus on how to deal with heterogeneity, and many systematic
reviews calculate pooled estimates even when heterogeneity is high(6;57-59), we decided to
provide pooled estimates for all analyses independent from the level of heterogeneity (table 3).
However, a high level of heterogeneity indicates that there are genuine differences underlying
the results of the studies(6), which makes the overall effect estimates unreliable. We, therefore,
strongly feel that providing pooled estimates independently from the level of heterogeneity
is not appropriate and would be very conservative in accepting the results of pooled effect
estimates when I” is above 25%. Nevertheless, despite extensive heterogeneity, pooled estimates
of the studies that were not restricted to trauma or ARDS patients (RR 1.34 95%CI (1.21 to
1.49)) suggest that VAP may be associated with increased mortality. Most of these studies (31 of
38) had a RR above 1.Therefore, it seems very likely that there is attributable mortality of VAP
in these populations, although the amount of this effect remains uncertain.

To the best of our knowledge, this is the first analysis of all available evidence regarding

the association between VAP and mortality. Heyland et al(25) and Safdar et al(60) performed
systematic reviews of matched cohort studies only, including six and nine studies, respectively.
Heyland et al did not calculate a pooled estimate but demonstrated the differences in mortality
rates of VAP among these studies. Safdar et al provided a pooled OR for ICU mortality (2.03
95% CI 1.16-3.56) although significant statistical heterogeneity was found (p=.05).
The absence of attributable mortality of VAP in trauma patients is supported by the results of
several VAP prevention trials. In three studies(61-63) evaluating trauma patients only, selective
decontamination was associated with relative risk reductions ranging from 0.51 to 0.71
without any obvious effect on mortality. An absence of attributable mortality due to VAP for
trauma and ARDS patients should be taken into account when using mortality as an outcome
of VAP prevention studies. Moreover, patient population specific differences in attributable
mortality of VAP might explain why so many VAP prevention trials failed to reduce patient
outcome, despite impressive reductions in VAP incidence.

Although we have provided a complete overview of all observational studies identified by
means of a thorough systematic search, there are some issues that should be addressed. Most of
these issues result from the sparsity of patient specific data available for analysis. First, we were
limited in our subgroup analyses to data reported in the original papers and could, therefore,
not evaluate the influence of items like disease severity, early versus late onset disease, causative
pathogens and adequacy of treatment. Some authors have suggested that severity of illness
could influence the association of VAP and mortality(64;65). We have demonstrated that in
patients with ARDS (“extremely severe illness”) and in trauma patients (“less severe illness™)
VAP is not associated with a higher mortality rate. However, the exact role of severity of illness
regarding the mortality of VAP remains to be determined.

Second, although most studies provided information about the causative pathogens, with
Staphylococcus aureus, Pseudomonas aeruginosa, Acinetobacter baumannii and Haemophilus influenzae being most
common, the influence of different pathogens on attributable mortality was only specifically
assessed in some studies. Eight of these studies(25;38;40;41;44;45;51;53) concluded that
mortality rates are not influenced by different causative (high risk) pathogens, whereas
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others(10;13;22;30;34;50) reported associations of higher mortality and VAP due to high risk
(antimicrobial resistant) pathogens. We were not able to provide a pooled estimate due to
summarized data and differences in definition of high risk pathogens.

Third, the (initial) adequacy of antibiotic treatment has been shown to be an important
determinant of mortality. A minority (n=11) of the studies described the adequacy of treatment
(range 64%-98%), and five studies (10;13;25;38;40) addressed this issue in their analysis.
These studies failed to demonstrate a higher mortality rate or an independent role of VAP in
mortality among patients who were treated inadequately.

Fourth, (residual) confounding may play a role in the observed associations between VAP
and mortality in the studies included in this review. Only a minority of the studies performed
multivariable analyses to control for possible confounders.The heterogeneity in the study results
may, among other things, be the result of uncontrolled confounding within these studies.

In conclusion, we have demonstrated that the current available evidence is heterogeneous
and to a large extent limited by the lack of adjustments for possible confounders and
estimations of attributable mortality in subgroups of patients. For those subgroups with low
heterogeneity, i.e. trauma patients and patients with ARDS, no association was found between
VAP and mortality. However, our analyses do suggest an association between VAP and mortality
for non specified patients groups. Analyses which adequately control for potential confounders
and allow appropriate subgroup analyses are needed to determine the attributable mortality of
VAP in these patient populations.
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SUMMARY

Objective
To assess the attributable mortality of Ventilator-Associated Pneumonia (VAP) using results
from randomized controlled trials on VAP prevention.

Data Sources

A systematic search was performed in PubMed, Embase, Web of Science and Cochrane Library
from their inception until July 2010. In addition a reference and related article search was
performed. Randomized VAP prevention studies in which all patients were mechanically
ventilated, and from which VAP and mortality rates of intervention and control group could be

extracted, were included.

Results

Fifty-three papers were identified, describing 58 comparisons. Statistical significant reductions
in VAP incidences were reported in 20 of the 58 comparisons, whereas none of these trials
reported a significant reduction of mortality. Pooled estimates of the relative risk reductions
(RRR) of both VAP and mortality were calculated and the attributable mortality was estimated
as the ratio between the RRRs of mortality and VAP, Effects of study quality, diagnostic methods
used and effectiveness of preventing VAP on the mortality rate of VAP were assessed in subgroup
analyses. The overall attributable mortality of VAP was estimated as 9%. In subgroup-analyses
the attributable mortality varied between 3% and 17%.

Conclusion

Based on the results of 58 randomized studies on VAP prevention, the attributable mortality
rate of VAP was estimated to be 9%, and ranged between 3% and 17% in subgroup analyses.
Together with the results of other recent studies there is cumulative evidence that the attributable
mortality due to VAP is around 10%
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INTRODUCTION

Ventilator-associated Pneumonia (VAP) is a frequently occurring nosocomial infection
complicating medical treatment of patients admitted to the intensive care unit (ICU). Although
it is widely believed that VAP increases mortality, accurate determination of this so-called
attributable mortality is difficult, but critically important for estimating the potential benefits
of VAP prevention.

Different approaches have been used to quantify this attributable mortality of VAP, such as a
systematic review of observational studies (1) and cohort analyses using sophisticated statistical
methods (2) (3). All these methods suffer from their observational nature, i.e. uncontrolled
confounding cannot be precluded. Ideally, patients should be randomized to “receive” VAP
or not, which of course is highly unethical. The opposite reasoning is that all patients run
a certain risk of developing VAP and that this is— at random — prevented. Based on this we
aimed to determine attributable mortality of VAP using the results from randomized trials on
VAP prevention. If the attributable mortality due to VAP would be 100%, a 50% relative risk
reduction (RRR) of VAP incidence due to a randomly applied intervention should lead to a 50%
RRR of ICU mortality. The ratio of the RRR of mortality and the RRR of VAP will, therefore,
provide an estimate of the attributable mortality.

There are many randomized trials on different preventive measures for VAP and these were
retrieved in a systematic approach in order to quantify attributable mortality. Of note, we do
not intend to identify the most effective prevention measure, as this has been done by others
(4-6), but to determine the attributable mortality of VAP (=RRR mortality/RRR VAP).

METHODS

Study selection

We performed a comprehensive search strategy through PubMed, Embase, the Cochrane
Library and Web of Science from their inception until July 2010 to identify all eligible
studies, using the following keywords and synonyms “ventilator-associated pneumonia” and
“randomisation”. We only selected randomized VAP prevention studies in which all patients
were 1) mechanically ventilated and 2) VAP and mortality rates of prevention and control
group could be extracted. Studies only evaluating specific patient populations (i.e. cardiac
surgery, liver transplant or failure, esophageal resection, comateus patients, paediatric patients
and tracheotomised patients) or studies evaluating the following interventions were excluded;
tracheostomy (as these are usually only investigated in patients with an expected stay in the
ICU of several days) and circuit changes of mechanical ventilation (as these studies were
mostly interested in applying the intervention without increasing the incidence VAP, rather than
preventing VAP). Studies diagnosing VAP using “inadequate” methods (i.e. methods in which
either chest X-rays were not part of the VAP diagnosis or in which the diagnosis was based on
chest X-ray interpretation with only two clinical signs) or studies that did not describe their
methods adequately were excluded.

39

Chapter 3

10-01-12 08:43



¢ dey)

Melsen.indd 40

Chapter 3

To identify additional relevant studies, a related article and reference list search as well as
screening of relevant meta-analyses was performed. Studies that were only published as
abstracts, conference summaries or written in a non-english language were excluded because
thorough quality assessment is not possible for these studies.

Assessment of methodological quality

The methodological quality of each study was determined by a scoring system that was adapted
from earlier systems used by Cook et al(7) and Van Nieuwenhoven et al(8) (table 1). Zero, 1
or 2 points were given for each of the 6 criteria: patient selection, patient characteristics,
allocation sequence, concealment of allocation, blinding and for the criteria of diagnosing VAP,
summing to a maximum of 12 points. Studies were rated as high quality when the total score
was equal or higher than 9.

Table 1: Criteria for the Assessment of Methodological Quality

Criteria Score
Population

Patient Selection

Consecutive eligible consenting patients at random series (<10% dropout) 2
Attempt made to enroll as such, with failure due to reasons outlined explicitly 1
Selected patients (not consecutive or random) or not described 0

Patient characteristics
Age (mean differs <10%)
Sex (proportion of men in each group differs by <10%)

Acute Physiology and Chronic Health Evaluation, Simplified Acute Physiology
Score or Injury Severity Score (mean differs by <10%)

Diagnosis (proportion of the following differs by <10%) 2
Chronic obstructive airway disease CiTonTps

X X comparable on = 6
Respiratory failure _

characteristics

Pneumonia at admission
Other (icu-acquired) infections 1
Tracheostomy Groups
Sepsis comparable on 3

Renal failure

Central nervous system/neurologic disease
Hepatic failure

Trauma

Surgery

Diabetes Mellitus

Malignancy

ARDS

40
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Table 1 (Continued)

Criteria Score

Intervention

Allocation sequence

Computerized generated allocation, random number table 2
No more information

Quasi-randomization (hospital identification, date) 0
Concealment of allocation

Nonmanipulable (call to data coordinating center, masking drug packages) 2

Potentially manipulable (sealed envelope, computer-generated random number
table) or randomisation without further information.

Open label 0
Blinding

Blinding of radiologist to treatment group and blinding physicians to clinical
endpoint.

Blinding of radiologist to treatment group or blinding physicians to clinical
endpoint.

Potentially unblinded, unblinded , or cannot tell. 0
Definition of ventilator-associated pneumonia

Probable pneumonia: Roentgenographic criterion and at least 2 other criteria
(ie. Fever, leukocytosis, purulent sputum, isolation of pathogenic bacteria
from sputum or blood, or decreased alveolar-arterial oxygenation difference),
and significant growth from samples obtained from lungs by bronchoscopic
techniques (PSB, BAL, blinded or not blinded) or by quantitative cultures of
endotracheal aspirates.

Possible pneumonia: Roentographic criterion and at least 3 other criteria (ie
Fever, leukocytosis, purulent sputum, isolation of pathogenic bacteria from
sputum or blood, or decreased alveolar-arterial oxygenation difference) or CPIS
score >6.

Statistical analyses

The analyses were performed using Review manager (version 5. Cochrane Collaboration,
Oxford). We used random effect models to calculate pooled relative risks. We estimated the
relative risk reductions (RRR) (defined as 1-RR) of VAP and mortality and their corresponding
95% confidence intervals by pooling all studies, studies with a statistically significant reduction
of VAP, studies with comparable RRR of VAP (0-0.33; 0.34-0.66; 0.67-1), studies with
methodological quality scores equal or above 9, studies with comparable reliability of methods
used for diagnosing VAP, studies with a high and low incidence of VAP, and studies with those
interventions that are recommended in published guidelines (i.e., aspiration of subglottic
secretions, kinetic bed therapy, semirecumbent positioning, oropharyngeal decontamination
with antiseptics(4-6)). The attributable mortality was defined as the ratio between the RRR of
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mortality and VAP Heterogeneity was assessed by calculating the I” statistics, and was low if
below 25%, moderate when between 25%-75%, and high when above 75%(9).To determine
95% confidence intervals for estimates of attributable mortality we used bootstrap analyses
(n=100.000) using the effect measures from the original studies.

Figure 1: Flow chart of search

PubMed: 1190

Embase: 734

Web of Science: 464

Cochrane library: 789

A

Removing duplicates

Total hits: 1925

d
l

A

Inclusion criteria:

Exclusion:

Randomised controlled trial
Prevention method for VAP

VAP rates during ICU stay
Mortality rates during ICU or
hospital stay

All patients mechanically ventilated
English

No VAP and/or mortality rates
Specific groups: coma, cardiac
surgery, ARDS, hypoxemic acute
respiratory failure, neurosurgical ,
life expectancy>15dys, sepsis.
Specific interventions:ventilator
circuit changes and tracheostomy.

Total hits: 62

A

A

Search through references, related
articles and meta-analyses

Total hits: 66

A

A

Excluding studies using inadequate methods to diagnosis of
VAP or described these methods inadequately

Total hits: 53

A

A

Some studies evaluated more preventive measures,

these are included separately

Total comparisons: 58
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RESULTS

Fifty-three eligible trials were identified(10-62)(figure I). As four trials evaluated different
intervention groups (16;29;50;61) there were 58 group comparisons. In total, 6304 patients
received preventive measures for VAP and 6526 patients did not. RRR of VAP and mortality
of all comparisons grouped by intervention method are listed in Table 2. Accurate allocation
was used in 42 of 58 (72%) trials, whereas two studies used quasi-randomization (hospital
identification or date) (Table 1). Concealment of allocation was considered not manipulable
in eleven (19%) and potentially manipulable in 45 (78%) of 58 trials. In 19 (33%) trials
both the radiologists and physicians were blinded to the preventive measure given to patients.
Twenty-six studies used bronchoscopic techniques or quantitative cultures of tracheal aspirates
to confirm a clinical suspicion of VAP,

Relative risk reduction of VAP

Statistically significant reductions in VAP incidence were reported in 20 of 58 comparisons.
The pooled RRR for VAP of all studies was 0.33 (95% CI 0.23 to 0.41), fairly similar to the
pooled estimate of interventions included in guideline recommendations (RRR VAP of 0.29
(95% CI 0.04 to 0.48)) and the 21 studies with high methodological quality (RRR VAP of
0.37 (95% CI 0.24 to 0.47)), with moderate levels of heterogeneity for all three analyses
(Table 3). Naturally, the pooled RRR was higher (0.57; 95% CI 0.51 to 0.63) for those studies
reporting statistically significant reduction of VAP due to intervention, with a low level of
heterogeneity (I’=0%). Based upon the individual preventive effects on VAP we created three
groups of studies: “highly effective VAP prevention” which resulted in a pooled RRR of 0.74
(95% CI 0.64-0.81), “effective prevention” with a pooled RRR of 0.50 (95% CI 0.43-0.57)
and “moderately effective” prevention with a pooled RRR of 0.20 (95% CI 0.08-0.30), each
with absence of heterogeneity (I'=0%).
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Estimating the attributable mortality of ventilator-associated pneumonia from randomized prevention studies

Relative risk reduction of mortality

A statistically significant RRR of both VAP and mortality was not reported in any of the 58
comparisons. The pooled RRR for mortality of all studies was 0.03 (95% CI -0.03 to 0.08),
which was comparable to the pooled RRR from studies on interventions recommended in
guidelines (0.03; 95% CI-0.12 to 0.15), and studies with high methodological quality (0.02;
95% CI -0.07 to 0.10), all with low levels of heterogeneity (Table 3). Statistically significant
RRRs of mortality were also not obtained from the pooled analyses of studies reporting
statistically significant reductions of VAP (RRR of 0.05; 95% CI -0.05 to 0.13), or when studies
were grouped upon the individual preventive effects on VAP; pooled RRRs were 0.19 (95% CI
-0.03 t0 0.37), 0.03 (95% CI-0.06 to 0.11) and 0.03 (95% CI -0.08 to 0.13) for the studies
being “highly effective”, “effective” and “moderately effective” in preventing VAP A statistically
significant reduction of mortality was found in studies with a VAP incidence of more than 25%
(RRR 0.11 (95% CI 0.01 to 0.20). Finally, pooled RRR for mortality were estimated to be
0.01 and 0.05, with overlapping confidence intervals, for studies grouped on the reliability of
methods used for diagnosing VAP No heterogeneity was found in any of the analyses of the
relative risk reductions of mortality

Attributable mortality

The attributable mortality of VAP was estimated as 0.09 (RRRmortality/RRRVAP = 0.03/0.33,
Table 3), which was similar to the estimates based on the results of studies with significant
reductions of VAP or on guideline recommended interventions (being 0.09 and 0.10,
respectively). In the other subgroup analyses attributable mortality rates varied between 3%
and 17%, with two apparent outliers of 26% for studies being “highly effective” in preventing
VAP and studies with a high incidence of VAP

DISCUSSION

Based upon the data of 58 randomized comparisons of preventive measures for VAP the
attributable mortality of VAP was estimated to be 9%. Subgroup analyses, of studies grouped on
methodological quality of study design, reliability of diagnostic criteria for VAP and preventive
effects for VAP yielded comparable estimates.

Levels of heterogeneity were high in almost all analyses estimating the RRR of VAP and absent
in the analyses of the RRR of mortality. It is important to note that the level of heterogeneity
represented by the I-square reflects differences at the outcome level (statistical heterogeneity)
and not specifically in-between study differences, like differences in patient population,
prevention regimes, patient characteristics etc. However for our purpose, i.e. to assess the
attributable mortality of VAP using results from randomized controlled prevention trials,
these mentioned differences are not relevant. The estimates of the RRRs should be seen as a
summary estimate in order to estimate the attributable mortality instead of a reliable efficacy
measure for the intervention. The high level of heterogeneity in the estimates of the RRR of
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VAP reflects the differences in effectiveness of the various intervention measures evaluated. To
limit heterogeneity, studies with comparable preventive effects on VAP incidence were pooled.
Based on the results from studies reporting the highest efficacy in preventing VAP (RRR of VAP
between 0.67 and 1) the highest attributable mortality of VAP (26%) was found. However, the
95% confidence interval is very broad, limiting the precision of this estimate. Furthermore, the
analysis of studies with reported incidences of VAP >25% yielded an attributable mortality of
26%. However, we do think that this results from the fact that the incidence of VAP is, among
other things, dependent on patient population and quality of care.Yet, both parameters (patient
population and quality of care) also determine mortality due to VAP In such an event, when
both a higher incidence of VAP as well as higher mortality due to VAP occur simultaneously,
the resulting estimate of attributable mortality will be biased with the methods used in this
manuscript. As, with our methods, we assume a linear relationship between the reduction of
VAP and mortality

As far as we are aware, this is the first attempt to estimate the attributable mortality of VAP using
data from randomized trials on VAP prevention. The findings of our study further improve our
understanding of the influence of the relationship between VAP and mortality. In a previous
meta-analysis of observational studies (1) only estimates of attributable mortality were rather
heterogeneous, with estimates of attributable mortality rates ranging from 14% to 70%.
These analyses were limited by small study populations and lack of adjustments for possible
confounders. Recent studies large scale observational studies (2;3), using more sophisticated
analyses (i.e. controlling for competing risks and time-dependent nature of VAP) and including
more patients, yielded attributable mortality rates of 8.1% (95% CI 3.1% to 13.1%)(2), 10.4%
(95%CI 5.6% to 24.5%)(2) and 10.6% (3), which is much lower than could be expected from
previous studies (including our meta-analysis of observational studies). However, all studies
performed so far had methodological limitations. Our new and original approach, in which
we were able to include large numbers of patients and avoid confounding (as the preventive
intervention was randomly allocated in all studies), also resulted in an estimated attributable
mortality of 9%. Yet, our approach does not allow determination of attributable mortality in
subgroups of patients as we only had access to the published data. Moreover, adequacy of VAP
treatment could have been a confounder in our analyses if there would have been differences
in adequacy of treatment between patients randomized to intervention and control arms. Only
an analysis with individual patient data can provide more accurate estimates of the attributable
mortality of VAP in subgroup of patients.

The lower estimates of attributable mortality are of critical importance for interpreting the
findings of so-called “negative” intervention studies, as many were hugely underpowered to
demonstrate improvements in patient outcome. Furthermore, considering the difficulties in
diagnosing VAP, it has been stated that VAP prevention studies should focus on demonstrating
effects on solid outcomes rather than on the incidence of VAP(63;64). The new knowledge
on attributable mortality due to VAP underpins the need of large studies (>1,000 patients per
study group) to demonstrate whether VAP prevention improves patient outcomes.
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Estimating the attributable mortality of ventilator-associated pneumonia from randomized prevention studies

SUPPLEMENT

Table 1: Overview studies per subgroup analysis.

Subgroup analyses

All studies (n=58) Abele Horn 1992, Aerdts 1991, Bergmans 2001, Bonten 1995, Boots
1997, Boots 2006, Camus A+B+C 2005, Combes 2000, Cook 1998,
Deppe 1990, Drakulovic 1999, Driks 1987, Eddleston 1991, Fabian
1993, Ferrer 1994, Fourrier 2000, Gastinne 1992, Hammond 1992,
Hanisch A+B 1998, Ibanez 2000, Ibrahim 2002, Klarin 2008, Knight
2009, Kollef 2008, Kortbeek 1999, Lacherade 2005, Lacherade 2010,
Laggner 1989, Lorente 2003, Lorente 2005, Lorente 2006, Lorente
2006, Lorente 2007, Maier 1994, Memish 2001, Morrow 2010, Nardi
2001, Ntoumenopoulos 2002, O’Keefe 1998, Palomar A+B 1997,
Pickworth 1993, Pneumatikos 2002, Quinio 1996, Ryan 1993, Sanchez
Garcia 1998, Seguin 2006, Stoutenbeek 2007, Thomason 1996, Valencia
2007, Valles 1995, Van Nieuwenhoven 2006, Verwaest A+B 1997,
Wiener 1995.

Chapter 3

Significant VAP studies Abele Horn 1992, Bergmans 2001, Camus B+C 2005, Drakulovic 1999,
(n=20) Eddleston 1991, Fourrier 2000, Kollef 2008, Lacherade 2010, Lorente
2007, Morrow 2010, Nardi 2001, Ntoumenopoulos 2002, Palomar A
1997, Pneumatikos 2002, Quinio 1996,
Sanchez Garcia 1998, Seguin 2006, Stoutenbeek 2007, Verwaest A 1997.

Guidelines (n=11) Camus A 2005, Combes 2000, Deppe 1990, Drakulovic 1999, Fourrier
2000, Lacherade 2010, Lorente 2005, Lorente 2006, Seguin 2006, Valles
1995, Van Nieuwenhoven 2006.

High Quality (n=21) Bergmans 2001, Bonten 1995, Camus A+B+C 2005, Cook 1998,
Drakulovic 1999, Ferrer 1994, Fourrier 2000, Gastinne 1992, Hanisch
A+B, 1998, Kollef 2008, Lacherade 2005, Lorente 2003, Lorente 2007,
Morrow 2010, Quinio 1996, Sanchez Garcia 1998, Valencia 2007, Van
Nieuwenhoven 2006.

Studies with RRVAP 0-0.33 Abele Horn 1992, Aerdts 1991, Camus C, 2005, Drakulovic 1999,
(n=11) Eddleston 1991, Fourrier 2000, Klarin 2008, Laggner 1989,
Ntoumenopoulos 2002, Pneumatikos 2002, Seguin 2006.

Studies with RR VAP 0.33- Bergmans 2001, Camus B 2005, Combes 2000, Driks 1987, Kollef

0.66 (n=17) 2008, Kortbeek 1999, Lacherade 2010, Lorente 2007, Morrow 2010,
Nardi 2001, Palomar A+B, 1997, Quinio 1996, Sanchez Garcia 1998,
Stoutenbeek 2007, Valles 1995, Verwaest A 1997.
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Table 1 (Continued)

Subgroup analyses

Studies with RR VAP 0.66-1
(n=14)

Possible pneumonia (n=32)

Probable pneumonia
(n=26)

Incidence of VAP <25%
(n=34)*

Incidence of VAP >25%
(n=24)*

50

Boots 1997, Camus A 2005, Cook 1998, Deppe 1990, Ferrer 1994,
Gastinne 1992, Hanisch A 1998, Knight 2009, Lacherade 2005, Maier
1994, Memish 2001, O’Keefe 1998, Van Nieuwenhoven 2006, Verwaest
B 1997.

Abele Horn 1992, Aerdts 1991, Boots 1997, Boots 2006, Combes 2000,
Deppe 1990, Driks 1987, Eddleston 1991, Fabian 1993, Gastinne 1992,
Hammond 1992, Hanisch A+B 1998, Ibrahim 2002, Klarin 2008,
Knight 2009, Kortbeek 1999, Laggner 1989, Maier 1994, Memish
2001, Ntoumenopoulos 2002, O’Keefe 1998, Pickworth 1993, Quinio
1996, Ryan 1993, Sanchez Garcia 1998, Stoutenbeek 2007, Thomason
1996, Valles 1995, Verwaest A+B 1997, Wiener 1995.

Bergmans 2001, Bonten 1995, Camus A+B+C 2005, Cook 1998,
Drakulovic 1999, Ferrer 1994, Fourrier 2000, Ibanez 2000, Kollef
2008, Lacherade 2005, Lacherade 2010, Lorente 2003, Lorente 2005,
Lorente 2006, Lorente 2006, Lorente 2007, Morrow 2010, Nardi 2001,
Palomar A+B, 1997, Pneumatikos 2002, Seguin 2007, Valencia 2007,
Van Nieuwenhoven 2006.

Bonten 1995, Boots 1997, Boots 2006, Camus A+B+C 2005, Combes
2000, Cook 1998, Drakulovic 1999, Driks 1987, Ferrer 1994, Gastinne
1992, Hammond 1992, Hanisch A+B 1998, Ibanez 2000, Klarin 2008,
Knight 2009, Kollef 2008, Laggner 1989, Lorente 2003, Lorente 2005,
Lorente 2006, Lorente 2006, Lorente 2007, Memish 2001, Nardi 2001,
Pickworth 1993, Ryan 1993, Stoutenbeek 2007, Valencia 2007, Van
Nieuwenhoven 2006, Verwaest A+B 1997.

Abele Horn 1992, Aerdts 1991, Bergmans 2001, Deppe 1990,
Eddleston 1991, Fabian 1993, Fourrier 2000, Ibrahim 2002, Kortbeek
1999, Lacherade 2005, Lacherade 2010, Maier 1994, Morrow

2010, Ntoumenopoulos 2002, O’Keefe 1998, Palomar A+B 1997,
Pneumatikos 2002, Quinio 1996, Sanchez Garcia 1998, Seguin 2006,
Thomason 1996, Valles 1995, Wiener 1995.
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SUMMARY

Background

Estimating attributable mortality of Ventilator-Associated Pneumonia (VAP) has been hampered
by confounding factors, small sample sizes and the impossibility to perform relevant subgroup
analyses.

Objective

Theoretically, the question of attributable mortality could be answered by randomizing patients
for VAP or not — which of course is ethically not possible. We therefore indirectly approached
this question by extracting individual patient data of well published randomized VAP prevention
trials.

Design

Relevant studies were identified through a systematic review and authors of eligible studies
were invited to submit original patient data. Individual patient data were analyzed in a one-stage
meta-analytical approach (in which attributable mortality was defined as the ratio between the
relative risk reductions of mortality and VAP) and in competing risk analyses (for patients with
information on length of stay in the ICU and time until VAP occurrence). Predefined subgroups
included surgical, trauma and medical patients and patients with different categories of severity
of illness scores.

Results

Individual patient data were available of 6,284 patients from 24 trials. The overall attributable
mortality was 13%, with higher mortality rates among surgical patients and patients with mid-
range severity scores at admission (i.e. APACHE 20-29 and SAPS2 35-58). Attributable mortality
was close to zero in trauma, medical patients and patients with low (i.e. APACHE scores <20
or SAPS2 score<35) or high (APACHE> 30 or SAPS2 score>58) severity of illness scores.
Competing risk analyses could be performed for 5162 patients from 19 studies and the overall
daily hazard for ICU mortality after VAP was 1.13 (95% CI 0.98 to 1.31).The overall daily risk
of discharge after VAP was 0.74 (95% CI 0.68 to 0.80), leading to an overall cumulative risk
for dying in the ICU of 2.20 (95% CI 1.91 to 2.54). Highest cumulative risks for dying from
VAP were found for surgical patients (2.97 (95%CI 2.24 to 3.94)) and patients with mid-range
severity scores at admission (i.e. APACHE 20-29 and SAPS2 35-58 with cumulative risks of 2.49
(95%CI 1.81 to 3.44) and 2.72 (95%CI 1.95 to 3.78), respectively).

Conclusion

The overall attributable mortality of VAP is 13%, with higher rates for surgical patients and
patients with a mid-range severity score at admission. Attributable mortality is mainly caused
by prolonged exposure to the risk of dying due to increased length of ICU stay.

56

10-01-12 08:43



Melsen.indd 57

The attributable mortality of ventilator-associated pneumonia: @ meta-analysis of individual patient data from randomized prevention studies

INTRODUCTION

In a one-day (May 8,2007) point prevalence survey of 13,796 adult patients in 1,265
Intensive Care Units (ICU) in 75 countries, 51% of all patients were infected of which 64% had
an infection of the respiratory tract (1). Many of these episodes could have been categorized
as Ventilator-Associated Pneumonia (VAP), which is one of the most common nosocomial
infections with major consequences for patient outcome. Yet, to what extent VAP increases the
likelihood of death in ICU is unknown.

Different methods have been used to determine attributable mortality of VAP, yielding
estimates ranging from 0 to 60%. Most studies were observational, using cohorts of affected and
non-affected patients to determine relative risks or odds ratios in univariate and multivariate
analyses. Such studies inevitably suffer from the lack of adjustment for confounding and a
meta-analysis of all published observational cohort studies did not allow a reliable estimate
of attributable mortality of VAP due to extensive heterogeneity (2). Quantifying the effects
of VAP on patient outcome is also hampered because of the time-dependent nature of VAP,
which may include time-dependent bias, and the fact that ICU mortality and discharge act
as competing endpoints. To overcome these problems innovative techniques, like multistate
and competing risks models, have been applied recently to estimate attributable mortality of
VAP (3;4). Although these methods carefully address time effects, adjustment for confounding
is still not possible due to the observational nature of the data. Randomization is the only
procedure to exclude the effects of confounding, and, therefore, studies in which patients
have been randomized to a preventive measure would allow a non-confounded estimate of
attributable mortality by analyzing the preventive effects on VAP and death, respectively. Based
on a meta-analysis of aggregated data from 53 randomized prevention studies compromising
58 comparisons, we recently estimated the attributable mortality of VAP to be 9%(5). Yet, this
approach was limited by lack of individual patient data, which precluded subgroup analyses
as well as applying any of the newer statistical methods that adjust for competing endpoints.
We, therefore, performed an individual patient data meta-analysis of VAP prevention studies,
which offered the unique possibility to quantify attributable mortality of VAP in predefined
subgroups, while avoiding effects of confounding and adjusting for competing endpoints.

METHODS

Search strategy and selection criteria

We searched for randomized trials evaluating VAP prevention measures in PubMed, Embase,
the Cochrane library and Web of Science using the following terms and synonyms “ventilator-
associated pneumonia” and “randomization”. Eligible trials had to be published between
January 1998 and July 2010. Inclusion criteria were: only patients who were mechanically
ventilated should have been included, and both VAP and mortality rates during ICU stay
had to be reported. Studies evaluating specific patient populations (supplement figure 1) or
evaluating the following interventions were excluded; tracheostomy (as these studies only
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include patients with prolonged stay in ICU), circuit changes of mechanical ventilation (as
some of these studies are performed as cost saving studies, thus to extend the time of use of a
system without increasing the incidence of VAP). Studies that were only published as abstracts,
conference summaries or written in non-english language were excluded because thorough
quality assessment was not possible.

Procedure

The original investigators of all selected trials were contacted to provide the raw data of their
trials. The obtained data were thoroughly checked for consistency, plausibility and integrity of
follow up. Discrepancies were queried with the responsible trial investigator and when the data
were not complete or if discrepancies could not be resolved, the database was excluded from
further analysis.

Studies were categorized according to the diagnostic methods used for VAP. Category I studies
included those in which the following criteria were used for VAP: Roentgenographic criterion
and at least two other criteria (i.e. fever, leukocytosis, purulent sputum, isolation of pathogenic
bacteria from sputum or blood, or decreased alveolar-arterial oxygenation difference), and
significant growth from samples obtained from lungs by bronchoscopic techniques (protected
specimen brush, bronchoalveolar lavage (BAL), blind or not blinded) or by quantitative
cultures of endotracheal aspirates. Category II studies had used the following criteria for VAP:
Roentgenographic criterion and at least three other criteria (i.e. fever, leukocytosis, purulent
sputum, isolation of pathogenic bacteria from sputum or blood, or decreased alveolar-arterial
oxygenation difference), or CPIS score >6 with quantitative culture.

Statistical analyses

Attributable mortality of VAP was defined as the ratio of the relative risk reductions (RRRs) of
mortality and VAP This implies that if, for instance, the relative attributable mortality due to VAP
would be 100%, a 50% RRR of VAP incidence due to a randomly applied intervention should
lead to a 50% RRR of ICU mortality. The individual data of the different trials were pooled
and the relative risks reduction of VAP and mortality and their corresponding 95% confidence
interval were calculated using a random effects model, with RRR=1-relative risk (RR).A random
effects model was used to account for cluster and between study effects. The 95% confidence
interval of the attributable mortality was estimated by bootstrapping (n=1000). Subgroup
analyses were performed to examine the effect of trauma, surgical or medical diagnosis as
well as the severity of illness on the association of VAP and mortality. Severity of illness is
expressed in APACHE II scores or SAPS2 scores measured at admission. To make three categories
for APACHE II scores and SAPS 2 scores, we applied previously used cut-off points (3;6). In the
subgroup analyses the distribution of different covariates (i.e. age, gender, severity of illness,
admission diagnosis (trauma, surgical, medical)) among the intervention and control groups
was examined to identify possible confounders. In case of significant differences adjusted RRRs
were provided.
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Furthermore, direct effects of VAP on outcome were examined in a competing risk analysis,
which follows separate Cox models, estimating cause-specific hazard ratios for each possible
event (i.e. ICU discharge or ICU death). VAP was treated in these models as a time-dependent
variable. To directly judge the effect of VAP on death, taken the competing event (i.e. discharge)
into account, the subdistribution hazard was calculated. Cluster effects were included in the
different models to account for possible hospital and between study confounding effects. Data
of patients in control and intervention groups were combined, as we considered that each of
these interventions influenced mortality through VAP prevention only. All statistical tests were
done with SPSS version 17.0 or R 2.8 software.

RESULTS

The systematic search identified 45 VAP prevention trials that were eligible for inclusion and all
corresponding authors were contacted. Individual patient data were provided from 26 studies
(supplement figure 2). After screening of the individual patient data, 24 studies remained for
further analyses yielding 6,284 patients, of whom 3384 been randomized to a preventive
measure (Table 1) (6-29). Overall, 1061 patients had developed VAP and 1683 had died in ICU.
Seventeen (71%) trials were rated to category I regarding the diagnostic criteria for VAP (Table
1 of the supplement for the diagnostic criteria per study).
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Attributable mortality

Pooling the results of all studies yielded a statistically significant relative risk reduction of VAP in
the total population (0.30 (95% CI 0.21 to 0.38)), as well as in all three subgroups of trauma,
medical and surgical patients, and in all subgroups based on APACHE II scores (Table 2).
Relative risk reductions of mortality, though, were considerably lower than those of VAP, and
in none of these analyses statistical significance was reached. Pooling the data of all studies
resulted in a relative risk reduction of mortality of 0.04 (95%CI -0.06 to 0.12) and highest
relative mortality reductions were observed in surgical patients 0.18 (95%CI -0.01 to 0.33)
and patients with mid-range severity of illness scores (i.e. APACHE IT 20-29 and SAPS2 35-58).
The overall estimate of attributable mortality due to VAP was 13%, with considerable higher
estimates for surgical patients (69%) and patients with mid-range severity scores (36% for
APACHEII 20-29, 47% for SAPS2 35-58).There was no evidence for attributable mortality due
to VAP among trauma and medical patients and patients with a low (i.e. APACHE scores <20 or
SAPS2 score<35) or high (APACHE> 30 or SAPS2 score>58) severity of illness scores.

Table 2. Results primary analysis: Random effects model

Group N RRR VAP RRR mort AM ];?;t;rap
All Studies 6284  0.30[021t00.38]  0.04[-0.06t00.12]  13% -0.14t00.38
Trauma 1159 040 [0.25t00.52]  -0.08[-045t00.19] 0%  -1.06 to 0.45
Medical 3314 032[0.1710043]  -0.01[-0.14t00.11] 0%  -0.41 t0 0.29
Surgical 1560  0.26[0.04t00.43]  0.18 [-0.01t00.33]  69% 0.08 to 3.60
APACHE <20

Unadjusted 1588 0.31[0.10t00.47]  0.00[-0.26t00.20] 0% -0.94t0 0.72

Adjusted" 1521 0.34[0.14t00.49]  -0.03[-031t00.18] 0% -0.97 t0 0.77
APACHE 20-29 1176  0.28[0.05t0045]  0.10[-0.12t00.27]  36% -0.29 to 1.51
APACHE 30+ 359  0.47[0.08t0070]  -0.03[-039t00.23] 0% -0.95t0 0.37
SAPS2 <35 364  045[0.08t00.67]  -023[-1.18t00.30] 0% -4.48 t0 0.82
SAPS235-58 723 0.38[0.11100.56]  0.18[-0.07 0 0.38]  47% -0.13to 1.08
SAPS2 58+ 377 0.35[-0.05t00.60] -0.12[-0.50t00.16] 0% -2.27 t0 0.60

*adjusted for trauma
RRR=relative risk reduction
N=Total patients

AM= attributable mortality

95%CI= 95% confidence interval attributable mortality as estimated using bootstrap analyses

Competing risks analyses

In the competing risk analyses only patients with information on length of stay in the ICU,
duration of mechanical ventilation until the occurrence of VAP and ICU mortality could be
included. Therefore, of five studies all patients were excluded (11;16;19;22;24), as were 26
patients due to missing data from other studies. Eventually 5,162 patients were available for
these analyses (see table 3 for the baseline characteristics of these patients).
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Table 3. Baseline characteristics of patients included in the competing risk analysis

S Patients VAP Onset Mortality Mortality  LOS LOS
(n) n(%) VAP VAP n(%) othersn(%) VAP others

All patients 5162 848 (16.4) 7.0 (7.0) 257 (30.3) 1176 (27.3) 21.0 (20.0) 9.0 (11.0)
Control 2376 488 (20.5) 7.0 (6.0) 149 (30.5) 527 (27.9) 20.0(19.8) 9.0 (11.0)
Prevention 2786 360 (12.9) 7.0 (7.0) 108 (30.0) 649 (26.8) 22.5(21.0) 9.0 (12.0)
Trauma 736 198 (26.9) 6.0 (6.0) 26 (13.1) 91 (16.9)  21.0 (16.0) 10.0 (10.0)
Surgery 1312 196 (14.9) 7.0 (6.0) 65 (33.2) 259 (23.2) 22.0(22.0) 9.0 (11.0)
Medical 2876 395 (13.7) 7.0 (7.0) 138 (34.9) 765 (30.8) 21.0(20.0) 9.0 (12.0)

APACHEIT <20 1067 145 (13.6) 6.0 (5.5) 37 (25.5) 153 (16.6) 22.0 (19.0) 8.0 (10.0)
APACHEIT 20-29 941 165 (17.5) 8.0 (8.5) 56 (33.9) 234 (30.2) 23.0 (26.0) 9.0 (13.0)
APACHEIT 30+ 338 51 (15.1) 6.0 (5.0) 24 (47.1) 149 (51.9) 17.0 (17.0) 8.0 (11.0)

SAPS2 <35 364 61 (16.8) 6.0 (5.0) 12(19.7) 47 (15.5)  23.0 (20.0) 13.0 (15.0)
SAPS2 35-58 721 128 (17.8) 8.0 (7.0) 52 (40.6) 167 (28.2) 23.0(23.8) 12.0 (14.0)
SAPS2 58+ 377 73(19.4) 7.0 (4.5 28(384) 159 (52.3) 23.0(18.5) 11.0 (13.0)

VAP=ventilator associated pneumonia

N= number of patients

LOS=length of stay on the ICU (days).
Continuous variables are in median (IQR).

As compared to patients not developing VAP the cause specific hazard ratio (CSHR) of dying
in ICU was 1.13 (95% CI 0.98 to 1.31), and after development of VAP, patients had a lower
risk per day for ICU-discharge, as represented by the CSHR of discharge of 0.74 (95% CI 0.68
to 0.80) (Table 4). As a consequence these patients were exposed longer to a daily risk of
dying in ICU. When combining the direct effects of VAP on the hazard of ICU mortality with
the indirect effects imposed by a decreased risk of ICU discharge, the combined hazard for
mortality (i.e. subdistribution hazard (SHR)) for patients with VAP was 2.20 (95% CI 1.91-
2.54).These findings imply that the increased risk of dying in the ICU after VAP is merely the
result of prolonged stay in the ICU than the direct influence of VAP on mortality. Results were
comparable for patients randomized to preventive measures or to control strategies.

In subgroup analyses, surgical patients and patients with SAPS 2 score of 35-58 had a higher
mortality risk per day after VAP (CSHRs of 1.37 and 1.49, respectively) as well as a lower
risk of ICU discharge after VAP (CSHR of 0.69 and 0.62 respectively). This resulted in higher
combined hazards for mortality of 2.97 (95%CI 2.24 to 3.94) and 2.72 (95%CI 1.95 to 3.78),
for surgical patients and patients with SAPS 2 score of 35-58 respectively.

One of the lowest subdistribution hazard was obtained for trauma patients (1.48 (95% CI
0.93-2.36), with no evidence that VAP increased the daily risk of death (CSHR 0.73 (95% CI
0.43-1.23), although it appeared to reduce the likelihood of discharge (CSHR 0.65 (95% CI
0.54-0.78). Furthermore, the overall effects of VAP on mortality were lower in the extremes
of the SAPS 2 scores (<35 and >58). This trend was less obvious for the three categories of
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the APACHE scores: The direct effect of VAP on death was one of the lowest for patients with
APACHE <20, but the effect on length of stay was highest in this category. Almost the opposite
was observed for patients with APACHE >30.

Table 4. Results competing risks analysis

Group I(;S(:—:Il}ality 95% CI :i:.issI:l'l;rge 95% CI Islff)litality 95% CI

All patients 1.13 0.98 to 1.31 0.74 0.68 to 0.80 2.20 1.91 to 2.54
Control 1.13 0.93to 1.38 0.75 0.67 to 0.84 2.15 1.77 to 2.61
Prevention 1.12 0.90 to 1.39 0.72 0.64 to 0.81 2.24 1.81to0 2.77
Trauma 0.73 0.43to0 1.23 0.65 0.54 to0 0.78 1.48 0.93 to 2.36
Medical 1.20 0.99 to 1.46 0.75 0.67 to 0.84 2.23 1.84to0 2.70
Surgical 1.37 1.03 to 1.83 0.69 0.58 to 0.82 2.97 2.24t0 3.94
APACHE <20 1.03 0.70 to 1.52 0.54 0.44 to 0.66 2.66 1.84 to 3.84
APACHE 20-29  1.31 0.94 to 1.83 0.73 0.60 to 0.88 2.49 1.81 to 3.44
APACHE 30+ 1.22 0.79 to 1.89 1.04 0.71 to 1.52 1.72 1.09 to 2.71
SAPS2 <35 1.31 0.65 to 2.62 0.92 0.72to 1.17 1.88 0.96 to 3.70
SAPS2 35-58 1.49 1.05t0 2.11 0.62 0.50 to 0.77 2.72 1.95t0 3.78
SAPS2 58+ 0.81 0.53t0 1.22 0.76 0.55to0 1.03 1.16 0.77 to 1.76

CSHR= Cause-specific hazard ratio
SHR= Subdistribution hazard ratio
95%CI= 95% Confidence Interval

DISCUSSION

Based on a meta-analysis of 6,284 individual patient data from 24 VAP prevention trials we
estimate that the attributable mortality of VAP is 13%. Yet, there are large differences between
subgroups of patients, with attributable mortality rates of 69% and 36% among surgical
patients and patients with an intermediate severity of illness score (i.e. APACHE 20-29),
respectively. The attributable mortality was close to zero in trauma and medical patients and
in patients with a low (i.e. APACHE scores <20 or SAPS2 score<35) or high (APACHE> 30 or
SAPS2 score>58) severity of illness scores. These findings were confirmed by competing risk
analyses. Our findings elucidate that attributable mortality mainly results from longer stay in
the ICU. This prolonged stay increases the risk of dying, possible reasons are increased risk
of ICU-related complications like other nosocomial infections and complications related to
invasive procedures. For trauma patients and patients with low severity of illness scores this
prolonged stay due to VAP does not increases mortality, which could be explained by the better
clinical condition to cope with these complications. Severly ill patients (i.e. APACHE II>30,
SAPS2>58) are the ones likely to have prolonged ICU stays already so the presence of VAP does
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not contribute to additional ICU days with the attendent mortality.

Our estimate of attributable mortality is remarkably consistent with estimates from other
studies. Nguile-Makao et al.(3) estimated attributable mortality in a cohort of 2,873 patients,
with 434 of them developing VAP, using three statistical methods. Based on unadjusted logistic
regression and a progressive disability model attributable mortality of VAP was estimated to
be 8.1% (95% CI 3.1% to 13.1%). In conditional logistic regression on a matched population
(matching on duration of mechanical ventilation) attributable mortality was estimated to
be 10.4% (95% CI 5.6% to 24.5%). Schumacher et al(4) estimated attributable mortality of
nosocomial pneumonia (not only VAP, because not all patients were mechanically ventilated)
to be 10.6% using multistate models in a cohort of 1,876 patients with a duration of ICU-stay
of at least 48 hours.

Our finding that surgical patients and patients with mid-range severity of illness had the
highest attributable mortality due to VAP corroborates with findings from Nguile-Makao
et al(3). Moreover, our finding of absence of attributable mortality among trauma patients
corroborates with findings from Magret et al(30). In a prospective observational survey of
2,436 patients from 27 ICUs in nine European countries mortality was 73% lower among
trauma patients with VAP as compared to non-trauma patients with VAP (adjusted odds ratio of
0.37 (95% CI 0.21-0.65).

We have used an innovative approach by performing a meta-analysis of studies evaluating
different intervention methods. This implies that this study did not aim (and should not be
used) to determine the preventive effects of individual measures. However, this approach
offers a unique opportunity to estimate attributable mortality of VAP, as long as the preventive
measures only influence mortality through reducing the risk of developing VAP. The main
strengths of our analyses are the reliability of the data as they were prospectively obtained
during randomised controlled trials, the size of the study population increasing the power
to evaluate the effects of VAP in subgroups of patients and the lack of confounding due to
randomisation in the calculation of attributable mortality. Moreover, adjustments for cluster
effects to account for hospital effects and between study effects were included in all statistical
analyses, and sensitivity analyses were performed to evaluate the influence of the diagnostic
methods for VAP This did not change conclusions (data not shown).

Some limitations should also be discussed. Not all investigators could provide individual
patient data, and, therefore, data from 21 studies were not included. However, if we analyze
the aggregated data of the 24 studies included in a classical meta-analysis approach, results are
in agreement with those reported in our previous published meta-analysis, in which all VAP
prevention studies were included (58 comparisons with 12,830 patients)(5). We, therefore,
conclude that the included studies are reliable representatives of all VAP prevention studies.
Another limitation is that we could not include adequacy of antimicrobial treatment of patients
with VAP, which could be a confounder if there was a difference between the prevention and
control patients.
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In conclusion, based on the individual patient data of 24 VAP prevention trials the attributable
mortality of VAP was estimated to be 13%. A higher attributable mortality rate was seen in
surgical patients and patients with mid-range severity of illness on admission. These findings
are of critical importance for the future design and analyses of intervention studies. It has
been stated that, considering the difficulties in diagnosing VAP, prevention studies should focus
on demonstrating favourable effects on more solid endpoints, such as ICU-survival (31;32).
Consequently, prevention studies should include at least thousands of patients to be adequately
powered for demonstrating beneficial effects on mortality. Furthermore, considering the
large differences in attributable mortality between subgroups, investigators may consider to
primarily focus on those subgroups of patients with the highest risk.
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SUPPLEMENT.

Figure 1 Flowchart search

PubMed: 1190

Embase: 734

Web of Science: 464

Cochrane library: 789

< | Removing duplicates

A 4

% xdey)
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Total hits: 1925

Exclusion criteria:

- No VAP and/or mortality rates;

- Specific groups: coma, cardiac
surgery, ARDS, hypoxemic acute

A

A 4

Total hits: 62

respiratory failure, neurosurgical,
life expectancy>15dys, sepsis;

- Specific interventions: ventilator
circuit changes and tracheostomy.

Search through references, related articles and meta-analyses

—

Excluding studies published before 1998

v

Total hits: 45
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Figure 2 Selected studies

Total selected:

45
Databases received: Databases not

26 received: 19

v v
Included: No reaction:
1. Drakulovic 1. Boots
2. Bergmans 2. Combes
3. Cook 3. Acosta Escribano
4. Koeman 4. Fourrier
5. Krueger 5. Hsu +
6. Lacherade 6. Ibrahim g
7. Lorente (closed) 7. Kearns g
8. Lorente (cuff) 8.  Knight S
9. Memish 9. Kollef
10. Nieuwenhoven 10. Kollef
11. Pneumatikos 11. Kollef
12. Topeli 12. Kortbeek
13. Seguin 13. Ntoumenopoulos
14. Nardi 14. Stoutenbeek
15. Morrow 15. Tbanez
16. Lacherade ‘
17. Camus Database not available
18. Lorente HME anymore .
19. Staudinger 1. Sanchez Garcia
20. Valencia 2. Lorente
21. Hanisch 3. Lorente
22. O’Keefe 4. Hevland
23. Klarin
24. Scannapieco
Excluded:
1. Smulders
2. Fourrier (only 28

day mortality)
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SUMMARY

Background
Attributable mortality of Ventilator-associated Pneumonia (VAP) in intensive care patients has
been estimated to range from 10% to 13%, but only few studies estimated pathogen-specific

attributable mortality.

Methods

We analysed the individual patient data of fifteen VAP prevention trials. For every causative
pathogen, we compared outcomes between patients with and without this pathogen by use
of time-dependent regression modelling. We adjusted results for the timing of VAP and the
competing endpoint ICU-discharge. Cause-specific hazard ratios for ICU mortality and ICU
discharge as well as the subdistribution hazard ratio (SHR) was estimated for all patients and
in subgroups (surgical, medical and trauma). Pathogens were categorized as Staphylococcus aureus,
non-fermenters (Pseudomonas aeruginosa, Stenotrophomonas maltophilia and Acinetobacter species),
Enterobacteriaceae, Other and Polymicrobial.

Results

Of the 3,231 patients, 532 (16%) experienced VAP during their ICU period, with the group
non-fermenters being most prevalent (27%). The SHR for all-cause VAP was 2.42 (95% CI
2.04 to 2.87). Patients with VAP caused by pathogens categorised as non-fermenters and
polymicrobial had the highest risk of mortality (SHR 3.59 (95% CI 2.71 to 4.74) and 2.77
(95% CI 2.00 to 3.84), respectively). Surgical patients had the highest attributable mortality of
VAP (SHR 3.80 (95%CI 2.75 to 5.25), whereas VAP was not associated with higher mortality
in trauma patients, irrespective of causative pathogens.

Conclusion
Polymicrobial VAP and VAP caused by non-fermenters are associated with the highest mortality
rates. Attributable mortality is highest among surgical patients, independent of causative

pathogens.
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INTRODUCTION

Ventilator associated Pneumonia (VAP) is the most frequently occurring infection among
ICU patients, yet the attributable effects of VAP on patient outcome are difficult to accurately
quantify. Based on recent studies applying statistical techniques that account for confounding,
timing of infection and competing risks caused by informative censoring (i.e. patients who
are discharged from the ICU are by definition in a better or worse clinical condition than
those that stay), attributable mortality of VAP was estimated to be 10-13% (1-3). Furthermore,
attributable mortality varies considerably among subgroups, with higher mortality rates among
surgical patients and patients with intermediate severity of illness scores on admission(1;2).To
what extent attributable mortality depends on pathogens, is, however, largely unknown. Older
studies suffer from methodological limitations (4;5) and more recent estimates (2;6) were
based on a limited number of pathogens only (Acinetobacter baumannii, Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus).

We previously quantified associations between VAP and mortality using meta-analyses of
observational and randomized intervention studies, as well as individual patient data of 24
randomised VAP prevention trials (1). Here, we have extended the individual patient data meta-
analysis by evaluating the available data on causative pathogens in order to determine excess
mortality and length of stay in ICU of the most common causative pathogens of VAP,

METHODS

A systematic literature search was performed using PubMed, Embase, the Cochrane Library and
Web of Science to identify all randomised VAP prevention trials. In each of these trials a certain
intervention aimed to reduce the incidence of VAP was randomly allocated to an intervention
and a control group. To be selected, trials had to include only patients who were mechanically
ventilated and evaluated VAP and mortality rates during the total ICU stay of the patients (the
search methods and its results are described in detail elsewhere(1)). Individual  patient
data were available from 24 randomized studies and all investigators were contacted and asked
to provide data on causative pathogens of VAP The obtained data were thoroughly checked for
consistency, plausibility and integrity. Only the first event of VAP was taken into account.

Isolated micro-organisms were classified into five groups; 1) Staphylococcus aureus (S. aureus),
2) Non-fermenters (non-fermenting Gram-negative rods like Pseudomonas aeruginosa (P. aeruginosa),
Stenotrophomonas maltophilia (S. maltophilia) and Acinetobacter species), 3) Enterobacteriaceae (e.g,
Escherichia coli (E. coli), Citrobacter species, Enterobacter species, Klebsiella species, Morganella
species, Proteus species, Serratia species), 4) Other (e.g Enterococcus species, Streptococcus
spp, Haemophilus influenzae (H. influenzae), Moraxella catarrhalis) 5) Polymicrobial VAP, defined as
isolation of two or more different pathogens in the same VAP episode.
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Statistical analyses

The influence of VAP on mortality was evaluated using a competing risk analysis taking the
time-dependent nature of VAP and the competing endpoint ICU-discharge into account. In
this analysis the cause specific hazard ratios for ICU mortality and ICU discharge are estimated
using a Cox proportional hazards model. The effect of the different pathogens was compared
by incorporating VAP in the model as a categorical time-dependent variable, considering
patients who did not acquired VAP (yet) as a reference. Once a patient experiences VAP, their
VAP status remained yes, until one of the endpoints (ICU death or discharge) occurred.
To directly judge the effect of VAP on death, taking the competing endpoint ICU discharge
into account, the subdistribution hazard was calculated. Cluster effects were included in the
different models to account for possible hospital and between study confounding effects. Data
of patients in the control and intervention groups were combined, as we considered that each
of these interventions influenced mortality through VAP prevention only and had no effect on
the attributable mortality per pathogen. Outcome parameters were determined for all patients,
as well as for subgroups (surgical, trauma and medical patients).

Tabel 1. Characteristics of included studies

Study Year Prevention method Total” VAP®  Mortality”
Bergmans 2004 Oral decontamination 87/139 13/42  25/53
Camus 2005 Oral decontamination 389/126  24/19 103/41
Drakulovic 1999 Body positioning 39/47 2/11 7/13
Klarin 2008 Probiotics 23/21 1/3 5/4
Krueger 2002  Oral decontamination with ciprofloxacin iv. = 265/262  6/29  52/75
Lacherade 2005 Humidification system 185/184 47/53 60/63
Lacherade 2010 Subglottic drainage 169/164 25/42 71/65
Lorente 2006 Humdification system 53/51 21/8 13/12
Lorente 2007  Polyurethane cuff and subglottic drainage 140/140 11/31 26/32
Nardi 2001 Selective digestive decontamination 119/104 9/20 25/26
Pneumatikos 2002 Decontamination subglottic area 31/30 5/16 5/7
Seguin 2006 Oral decontamination 67/31 15/13  16/6
Staudinger 2010 Continuous lateral rotation therapy 75/75 8/17 22/18
Topeli 2004 Suctioning system 41/37 13/9 27/25
Valencia 2007 Automatic control cuff pressure 73/69 11/10 20/16

*total number of patients in respectively prevention/control group.

RESULTS

Data were available from 15 VAP prevention trials with 3,236 patients, of whom five were
excluded because of incomplete data (Table 1). Of the remaining 3,231 patients, 532 (16%)
experienced VAP during ICU-stay (Table 2). In most studies quantitative cultures of respiratory
tract secretions collected by invasive techniques were used to diagnose VAP and to identify
causative pathogens (supplementTable 1).
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Microbial causes of VAP were documented in 513 patients withVAP (Table 2). Non-fermenters
were most prevalent (27%), followed by polymicrobial episodes (19%), Enterobacteriaceae
(18%) and S. aureus (17%). In the polymicrobial episodes either two (n=81), three (n=18),
four (n=1) or five (n=1) categories of pathogens were involved (supplement Table 2). There
were no major differences in VAP etiology between surgical, medical and trauma patients,
although non-fermenters were less prevalent among trauma patients (Table 3).

Table 3. Pathogens per admission diagnosis

Category Surgical Medical Trauma
Staph Aureus 23 (18.4) 40 (16.2) 23(19.3)
MSSA 17 24 19
MRSA 5 13 2
Non Fermenters 32 (25.6) 76 (30.9) 17(15.1)
Pseudomonas 28 57 12
Enterobacteriaceae 28 (22.4) 45 (18.3) 21(17.6)
Other 18 (14.4) 39 (15.9) 28 (23.5)
Streptococci/ H.Influenzae 10 21 10
Polymicrobial 30 (24.0) 39 (15.9) 27 (22.7)
Unknown 4 7 B

Non-Fermenters: non-fermenting Gram-negative rods like Pseudomonas aeruginosa, Stenotrophomonas maltophilia and

Acinetobacter species

Patients with VAP had a longer median length of stay in ICU (23 days) than patients without
VAP (10 days) (Table 2). The median length of stay until VAP was 7 days, and ranged from 6
days for patients with S. aureus to 9.5 days for patients with VAP caused by non-fermenters. Of
the 532 patients with VAP, 185 (34.8%) died in ICU, as compared to 747 (27.7%) of 2699
patients without VAP (p<0.001). Crude mortality rates varied for different pathogen groups
and ranged from 40.3% for VAP caused by non-fermenters to 26.7% for VAP caused by “other”
pathogens, respectively.

VAP was associated with a higher daily risk of mortality in ICU reflected by a cause specific
hazard of 1.23 (95% CI 1.03t01.47) and with a lower daily risk of discharge (cause specific
hazard ratio for ICU discharge of 0.65 (95% CI 0.59 to 0.72)).The combined effects resulted
in a subdistribution hazard ratio (SHR) for mortality of 2.42 (95% CI 2.04 to 2.87) (Table
4). For the individual pathogen groups the SHR was above average for non-fermenters (3.59
(95% CI 2.71 to 4.74)) and polymicrobial episodes (2.77 (95% CI 2.00 to 3.84)). For both
pathogen groups patients experienced, after VAP was diagnosed, an increased risk per day to die
and a decreased rate to be discharged while still alive. Below average SHR were obtained for S.
aureus (1.86 (95% CI 1.24 to 2.79)) and pathogens categorized as other (1.74 (95% CI 1.13 to
2.66)).
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Subsequently, we assessed the effects of antibiotic resistance in S. aureus (methicillin-
susceptible S. aureus (MSSA) and methicillin-resistant S. aureus (MRSA)), of P. aeruginosa (most
important pathogen in the group non-fermenters) and of streptococci and H. influenzae (pathogens
associated with early-onset VAP). The SHRs of VAP caused by MRSA and MSSA was 2.30 (95%
CI 0.99 to 5.31) and 1.71 (95%CI 1.05 to 2.78), respectively. The mortality associated with
P. aeruginosa was comparable to that of all other pathogens in the group of non-fermenters. VAP
caused by streptococci or H. influenzae was not associated with attributable mortality (SHR 1.16
(95% CI 0.59 to 2.27).

Table 4. Results competing risks analysis

Group mgls-g.ll:ty 95% CI dchsl?aI:ge 95% CI m::aliity 95% CI
Al1 VAP patients 1.23 1.03 to 1.47 0.65 0.59 t0 0.72 2.42 2.04 to 2.87
Staph Aureus 0.88 0.59 to0 1.33 0.66 0.55 to 0.80 1.86 1.24 t0 2.79
MSSA 0.83 0.51 to 1.34 0.65 0.52 t0 0.81 1.71 1.05t0 2.78
MRSA 1.04 0.44 to 2.46 0.75 0.54 to 1.04 2.30 0.99 to 5.31
Non-Fermenters 1.46 1.09 to 1.96 0.62 0.51 to0 0.75 3.59 2.71t0 4.74
Pseudomonas 1.47 1.06 to 2.03 0.63 0.51 t0 0.78 3.49 2.53 to 4.80
Enterobacteriaceae 1.04 0.72to 1.51 0.59 0.48 to 0.73 2.33 1.62 to 3.36
Other 0.96 0.62 to 1.48 0.79 0.65 to 0.96 1.74 1.13 to 2.66
Hifg;;;ﬁ’i/mﬂumm 062 031t0123 072 05610094 1.6  0.59t02.27
Polymicrobial 1.47 1.07 to 2.02 0.69 0.56 to0 0.85 2.77 2.00 to 3.84

CSHR= Cause-specific hazard ratio

SHR= Subdistribution hazard ratio

95%CI= 95% Confidence Interval

MSSA: methicillin-susceptible Staphylococcus aureus

MRSA: methicillin-resistant Staphylococcus aureus

Non-Fermenters: non-fermenting Gram-negative rods like Pseudomonas aeruginosa, Stenotrophomonas maltophilia and
Acinetobacter species

Finally, the effects of VAP caused by different pathogens were determined in subgroups
of surgical, medical and trauma patients (Table 5). Causative pathogens were grouped into
three categories: all cause VAP, VAP caused by groups of pathogens associated with higher risk
of mortality (VAPhigh; non-fermenters or polymicrobial VAP) and VAP caused by pathogens
belonging to the categories S. aureus, Enterobacteriaceae or others (VAPlow). In surgical patients
the daily risk of mortality increased and the daily risk of discharge decreased for all-cause VAP
and for VAPhigh pathogens, yielding combined effects on mortality of 3.80 (95% CI 2.75 to
5.25) and 5.51 (95%CI 3.75 to 8.09), respectively. In surgical patients VAP has, as compared
to medical and trauma patients, the largest effect on mortality, irrespective of the category of
causative pathogens (as reflected by the SHRs of 3.80, 5.51 and 2.72 for all-cause VAP, VAPhigh
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and VAPlow, respectively). In medical patients the higher mortality rate due to VAP results from
a decreased daily risk of discharge after VAP was diagnosed in each category. In trauma patients,
VAP decreases the daily risk of discharge, without increasing mortality in any of the categories.

Table 5. Results competing risks analyses per admission diagnosis

Subgroup Patients, = CSHR 95% CI CSHR 95%CI SHR 95% CI
N Mortality Discharge mortality

Surgical

VAP 125 1.52 1.09 to 2.13 0.51 0.41 to 0.64 3.80 2.75t0 5.25
VAPhigh 59 2.22 1.50 to 3.29 0.48 0.34 to 0.68 5.51 3.75 to 8.09
VAPlow 62 1.05 0.65to 1.68 0.55 0.42 t0 0.71 2.72 1.69 to 4.37
Medical

VAP 246 1.20 0.94 to 1.54 0.73 0.63 to 0.84 2.10 1.65 to 2.67
VAPhigh 108 1.32 0.97 to 1.82 0.73 0.59 t0 0.90 2.55 1.85to 3.52
VAPlow 131 1.04 0.74 to 1.48 0.72 0.60 to 0.87 1.82 1.30 to 2.53
Trauma

VAP 119 0.83 0.46to 1.51 0.57 0.45t0 0.72 1.69 0.99 to 2.88
VAPhigh 41 0.82 0.35t0 1.91 0.58 0.42 to 0.80 1.77 0.80 to 3.88
VAPlow 75 0.74 0.37 to 1.51 0.58 0.45t0 0.76 1.66 0.86 to 3.22

VAP= All cause VAP
VAPhigh= VAP caused by pathogens belonging to the categories non-fermenters or polymicrobial VAP
VAPlow=VAP caused by pathogens belonging to the categories Staphylococcus aureus, Enterobacteriaceae or others

DISCUSSION

In this individual patient data meta-analysis of 15 VAP prevention studies marked
differences of attributable mortality between different pathogens was demonstrated. The
highest risk of mortality was demonstrated among patients with VAP caused by non-fermenters
(mainly P. aeruginosa) and with polymicrobial VAP, with subdistribution hazard ratios of 3.59
(95% CI 2.71 to 4.74) and 2.77 (95% CI 2.00 to 3.84), respectively. Surgical patients had,
as compared to medical patients, higher excess mortality rates, irrespective of the causative
pathogens. In trauma patients VAP was not associated with an increased risk of mortality.

There are more studies in which associations between mortality and VAP caused by different
pathogens have been evaluated. However, the statistical methods applied had major limitations,
sample sizes were small and results are, therefore, difficult to compare with our findings. There
are only two studies in which similar statistical techniques were used to account for the timing
and duration of exposure and the competing risks caused by informative censoring. Lambert et
al(6) estimated the excess mortality of ICU-acquired pneumonia (of which approximately 90%
were ventilator associated) caused by different pathogens (Acinetobacter baumannii (A. baumanni), E.
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coli, P. aeruginosa and S. aureus) with and without antimicrobial resistance. Subdistribution hazards,
with adjustments for timing of infection and baseline covariates, were calculated for each
individual pathogen and combination of pathogens with or without antimicrobial resistance.
The SHR for all cause VAP was 2.3 (95%CI 2.1 to 2.5) and 2.8 (95%CI 2.5 to 3.1), for antibiotic
sensitive and resistant pathogens, respectively, which is comparable to our estimate of 2.42
(95% CI2.04 to 2.87) (Table 4).The highest excess mortality of VAP was found for P. aeruginosa
(ceftazidim resistant) with a SHR of 3.5 (95% CI 2.9 to 4.2), again comparable to the SHR
found in this study (Table 4; 3.49 (95% CI 2.53 to 4.80). In that study SHRs of MSSA and MRSA
were 1.7 (95% CI 1.4 to 1.9) and 2.1 (95% CI 1.8 to 2.5), respectively, again rather similar
to our estimates of 1.71 (95% CI 1.05 to 2.78) and 2.30 (95%CI 0.99 to 5.31) for MSSA and
MRSA, respectively. Effects of polymicrobial VAP or VAP caused by Enterobacteriaceae other
than E. coli, were not evaluated.

Nguile-Makao et al estimated the attributable mortality of VAP in subgroups of pathogens
(MSSA, MRSA, ureidopenicillin susceptible and resistant P. aeruginosa) using a multistate model
(progressive disability model) also accounting for the timing of infection and competing risks
(2). Higher mortality rates were found among VAP caused by susceptible P. aeruginosa. Also late-
onset VAP (i.e. VAP developing after = 8 days), often associated with pathogens comparable to
those that were included our group of non-fermenters, was associated with a higher attributable
mortality.

The effect of polymicrobial VAP on mortality has been poorly evaluated, although many
studies reported the frequent occurrence of polymicrobial VAP(4;5;7-9). Combes et al evaluated
the outcome of polymicrobial VAP as compared to monomicrobial VAP in 124 patients, using
a chi-square test or the Kaplan-Meier method with log rank test(4). No statistically significant
difference in mortality was demonstrated between the two groups.

However, this study is hampered by the statistical methods and had limited power to detect
differences.

To our knowledge this is the first study that evaluates mortality of VAP caused by different
pathogens in surgical, medical and trauma patients, using appropriate statistical methods. The
impact of VAP on excess mortality was most prominent in surgical patients, which could not be
explained by differences in causative pathogens, as excess mortality (as compared to medical
and trauma patients) was present in all categories of pathogens (Table 5). The underlying
mechanisms of increased mortality due to VAP in surgical patients remain to be elucidated.

Some potential limitations of our study should also be discussed. The first limitation is that
we had, other than MRSA incidence rates, no data on antibiotic resistance patterns of pathogens.
The study by Lambert et al, specifically assessed the role of antimicrobial resistance, which was
associated with worse outcome in patients with VAP caused by MRSA and ceftazidim-resistant
P. aeruginosa (ratios of SHRs resistant versus sensitive of 1.3 (95% CI 1.0 to 1.6) and 1.2 (95% CI
1.0 to 1.5), respectively). No effects of resistance could be demonstrated for VAP caused by A.
baumannii or E. coli (6).

Second, the adequacy of treatment was not evaluated. Especially VAP caused by non-
fermenters and polymicrobial VAP might be associated with inadequate treatment. However,
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since it was the objective of this manuscript to asses the real-life effect of an episode of VAP
with a certain pathogen on mortality, accounting for adequacy of treatment was not necessary.

In conclusion, in this study VAP caused by P. aeruginosa, S. maltophilia and Acinetobacter species
or caused by multiple species was associated with increased mortality, whereas attributable
mortality appeared absent in VAP caused by streptococci or H. influenzae. Furthermore, surgical
patients had the highest mortality risk due to VAP and in trauma patients VAP was not associated
with attributable mortality, in both populations irrespective of causative pathogens.
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SUPPLEMENT

Table 1. Diagnostic Methods

Study

Bergmans

Camus

Drakulovic

Klarin

Krueger

Lacherade ‘05

Lacherade ‘10

Clinical criteria

New, persistent or progressive infiltrate on
chest X ray and 3 or more of the following:
fever or hypothermia, leukocytosis or
leukopenia, >10 leukocytes per high power
field in gram stain of tracheal aspirate and a
positive culture from tracheal aspirate.

CDC criteria

New and persistent infiltrates on chest
radiography and at least two of the following
criteria: fever, leucopenia or leucocytosis,
purulent tracheal secretions.

New and persistent or progressive infiltrate
on chest radiograph combined with at least
three of the other four criteria: purulent
tracheal aspirate; positive culture of tracheal
aspirates; fever or hypothermia, leukocytosis
or leukopenia.

Purulent tracheobronchial secretions, chest
radiographic examination with indication of
a new or progressive infiltrate, consolidation
or cavitation or pleural effusion, increase in
the inspiratory oxygen fraction of more than
0.15 necessary to maintain arterial oxygen
tension at the same level and at least one of
the following symptoms: fever, leukcocytosis,
or more than 10% band forms of neutrophil
granulocytes.

New and persistent infiltrate on chest x

ray and two of the following: fever or
hypothermia, leukocytosis or leukopenia, and
purulent tracheal secretions.

New and persistent infiltrate on chest X-ray
and at least two of the following criteria:
fever or hypothermia, leucocytosis or
leucopenia, and purulent tracheal secretions.

Microbiological cultures

Quantitative cultures from BAL (>10* cfu/
ml) or PSB (>10° cfu/ml) or a positive
bloodculture unrelated to another source of
infection or a positive culture from pleural
fluid in the absence of previous pleural
instrumentation.

Quantitative culture of a bronchoscopic
protected specimen at a concentration of
10° cfu/ml for brush or plugged catheter
and >10* cfu/ml for bronchoalveolar lavage
Positive culture of tracheobronchial aspirate
(>10° cfu/ml), bronchoalveolar lavage
(>10* cfu/ml) or protected specimen
brush (>10° cfu/ml) in protected specimen
brush cultures

Positive culture of tracheal aspirate

Microbiological cultures

(bloodcultures, tracheobronchial secretions,
protected specimen brush, BAL, pleural
fluid or lung biopsy) were attempted but
not prerequisted, but in all pneumonia
cases a causative pathogen was identified
(89% with cultures of tracheobronchial
secretions).

Quantitative culture of specimens obtained
using a protected telescoping catheter or
broncholalveolair lavage,

Quantitative culture of either a protected
telescoping catheter sample (>10°cfu/ml) or
bronchoalveolar lavage fluid (>10* cfu/ml).
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Table 1 (Continued

Study
Lorente 2006

Lorente 2007

Nardi

Pneumatikos

Seguin

Staudinger
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Topeli

Valencia
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Clinical criteria

New onset of purulent bronchial sputum,
fever or hypothermia, leukopenia or
leukocytosis, chest radiograph showing new
or progressive infiltrates

New onset of purulent bronchial sputum,
fever or hypothermia, leukopenia or
leukocytosis, chest radiograph showing new
or progressive infiltrates.

New and persistent pulmonary infiltrates,
purulent tracheal secretion, fever,
leukocytosis or leukopenia, and hypoxaemia
(Pa)2/Fi02<250).

New and persistent pulmonary infiltrates

in addition to two of the following criteria:
fever, leukocytosis or leukopenia and
purulent tracheal secretions.

New pulmonary infiltrates detected by chest
radiography plus two of the following: fever
or hypothermia, purulent endotracheal
aspirate and leukocytosis or leukopenia.
New and persistent radiographic infiltrate on
the chest radiograph plus newly developed
purulent tracheal secretions plus increasing
signs of inflammation (fever, leukocytosis or
increasing levels of C-reactive protein)

New and persistent infiltration on the chest
X ray and presence of any two out of three
criteria were used; fever or hypothermia,
leukocytosis or leukopenia, purulent
tracheal secretions or at least 10 leukocytes
per high power field in gram’s stain of the
endotracheal aspirates.

New or progressive pulmonary infiltrates
together with at least two of the following:
fever or hypothermia, leukocytosis or
leukopenia and purulent tracheal secretions.

Microbiological cultures

Quantitative culture of respiratory by
tracheal aspirate (>10¢ cfu/ml)

Quantitative culture of respiratory
secretions by tracheal aspirate (>10° cfu/
ml)

A bronchoscopic protected specimen brush
together with a distal BAL were performed
to confirm the diagnosis.

The diagnosis of VAP was confirmed by
quantitative cultures.

Quantitative culture of bronchoscopic or a
non-bronchoscopic “blind”bronchoalveolar
lavage (>10* cfu/ml)

Positive quantitative culture of BAL (>10*
cfu/ml)

After the clinical diagnosis endotracheal
suction cultures were performed.

Positive quantitative culture of protected
specimen brush (>10° cfu/ml) or
BAL(>10* cfu/ml) or tracheobronchial
aspirates cultures (>10° cfu/ml), in pleural
fluid or bloodcultures without alternative
cause of bacteremia .
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Table 2. Polymicrobial VAP: combination of pathogens and frequency.

Pathogen 1

Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Staphylococcus aureus
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Non Fermenters

Non Fermenters

Non Fermenters

Non Fermenters

Non Fermenters
Other

Other

Staphylococcus aureus
Non Fermenters

Other

Non-Fermenters: non-fermenting Gram-negative rods like Pseudomonas aeruginosa, Stenotrophomonas maltophilia and

Acinetobacter species

Pathogen 2

Others

Others
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Non Fermenters
Non Fermenters
Non Fermenters
Enterobacteriaceae
Enterobacteriaceae
Other

Other
Enterobacteriaceae
Enterobacteriaceae
Enterobacteriaceae
Other

Non Fermenters
Other

Other

Unknown
Unknown

Unknown

Pathogen 3

Others

Enterobacteriaceae
Enterobacteriaceae
Other
Other

Enterobacteriaceae

Other

Other

Other

Enterobacteriaceae
Other

Other

Pathogen 4 Pathogen 5 Patients,n

Other

Other

Other

17
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SUMMARY

Objective
To investigate, using a simulation model, the accuracy of the I” statistic in the assessment and
quantification of heterogeneity, and how heterogeneity across studies relates to the predictive

value of meta-analyses.

Methods

Meta-analyses of randomized controlled trials evaluating a certain intervention were simulated
with varying amounts of heterogeneity. The amount of heterogeneity was calculated using
the I*-statistic. The results of the meta-analyses were compared with a study with an infinite
amount of patients regarded as a reference for the true effect of the intervention. The results of
meta-analyses were considered correct, when the outcome of this large study felt within the
95% confidence area of the preceding meta-analysis. This is repeated 107 times to determine
associations between the likelihood of predicting the correct estimate of effect, I* and the
amount of heterogeneity. The findings of the simulations are illustrated by presenting common
scenarios including several examples of meta-analyses evaluating different interventions
published in the field of critical care medicine.

Conclusion

The crucial importance of study selection (or in other words of minimizing clinical and
methodological heterogeneity) for the accuracy of pooled estimates derived from meta-
analyses was demonstrated. Quantifying statistical heterogeneity, through I*-statistics, can be
helpful in some scenarios (when the amount of heterogeneity is unknown and I* is high),
but is of no help in other scenarios (at the extremes of heterogeneity levels and when the
amount of heterogeneity is unknown and I* is low). Our findings justify a critical appraisal of
meta-analyses before accepting their results and underscore the huge responsibility of meta-
analysts (and peer reviewers and editors) in adequately performing, interpreting and reporting

of meta-analyses.
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INTRODUCTION

Meta-analyses have become one of the most widely used methods to quantify effects of
medical interventions. In fact, in grading the evidence base of medical practice, a properly
designed meta-analysis is considered equally relevant as a large randomized-controlled trial,
as one of both is needed to reach so-called level I evidence(1). As such, meta-analyses are
generally the starting point, and frequently most prominent component, of guidelines for
clinical management. Furthermore, clinicians increasingly use meta-analyses to remain up-
to-date, and funding agencies frequently require such an analysis to justify further research.
The number of published systematic reviews and meta-analyses has increased substantially in
the last decade, also in the field of critical care medicine. A PubMed search in literature using
the search terms ‘meta-analysis’ or ‘meta-analyses’ and ‘critical care’ or ‘intensive care’ yielded
totals of 103 publications between 1995 and 2000, 272 between 2000 and 2005, and 613
between 2005 and 2010.

Ideally, a meta-analysis combines the results of several studies, highly comparable in design,
intervention and patient population. The individual studies had similar trends in outcome,
but lacked sufficient statistical power for a definite conclusion. Yet, in real life, meta-analyses
frequently contain multiple, relatively small studies, that differ in many aspects (such as in
dosing schedules, duration of follow-up, types of participants, and modes of treatment and
diagnosis).

Naturally, studies brought together in a meta-analysis will differ, which is also called
“heterogeneity”. Generally a distinction is made in clinical heterogeneity (differences in e.g.
patients populations, treatment protocol), methodological heterogeneity (differences in study
design, risk of bias) and statistical heterogeneity (differences in the outcome of the individual
studies, which may be the result of clinical or methodological heterogeneity). A more extensive
description of the different types of heterogeneity is available in the supplementary material.

Tests for heterogeneity, like Cochran’s Q-statistic and the I*-statistic, are commonly used
in meta-analysis to determine whether there are genuine differences underlying the results of
the studies, or whether the variation in findings is compatible with chance alone. The most
commonly used test is the I” statistic, which expresses the level of heterogeneity as a percentage
and can be compared across meta-analyses with different sizes and outcomes. Generally
heterogeneity is regarded as being low, moderate and high with upper limits of 25%, 50% and
75% for I*, respectively (2).

The appraisal of the similarity of studies with regard to clinical and methodological
heterogeneity and the ultimate decision whether to include (or exclude) a certain study in a
meta-analysis is the sole responsibility and therefore totally dependent on the meta-analysts.
As there are no criteria to quantify clinical and methodological heterogeneity this appraisal
is subjective. Although the quantification of statistical heterogeneity seems to be more
objective (for instance by calculating the I* value) the predictive value of this test for the
accuracy of the estimate derived from the meta-analysis is unknown. Furthermore, there is
no uniform approach to deal with heterogeneity. Multiple strategies have been proposed (3)
and there are many examples of meta-analyses being performed in the presence of substantial

89

Chapter 6

10-01-12 08:43



9 mdey)

Melsen.indd 90

Chapter 6

heterogeneity. In this study we investigated, using a simulation model, the accuracy of the I*
statistic in the assessment and quantification of heterogeneity, and how heterogeneity across
studies relates to the predictive value of meta-analyses. We illustrate and clarify our findings by
presenting common scenarios including several examples of meta-analyses evaluating different
interventions published in the field of critical care medicine.

METHODS

Meta-analyses of randomized controlled trials evaluating a certain intervention were simulated
with varying amounts of heterogeneity, making the following assumptions. We assume an
intervention with 25% efficacy (for instance mortality reduction), and the outcome occurs
in 15% of the population when the intervention is performed (and thus in 20% without
intervention). Because of heterogeneity due to chance the 95% margin of uncertainty
around this 15% is assumed to be 14% (95% confidence interval ranging from 8% to 22%).
However, when there is systematic (statistical) heterogeneity, this 95% margin can increase to
widths of 20% (ranges from 5% to 25%), although the average reduction remains 15%. The
amount of systematic heterogeneity is expressed by o, which is 0 in the absence of systematic
heterogeneity. Monte-Carlo simulations are used to perform multiple meta-analyses, each
including ten studies with two groups of 100 patients. For each simulated study, the expected
mortality (m) in the control group of the study is 0.20 and the expected mortality in the
intervention arm of the study is drawn from a beta distribution with a mean of 0.15 and with
variance of 0. Given this expected mortality, the outcome (mortality) of the 100 patients in
each study arm is randomly determined by sampling 100 times from a Bernoulli distribution
with parameter m, and relative risks are calculated from outcomes of patients in control and
intervention groups. This is performed ten times, followed by a meta-analysis of these ten
(simulated) studies with calculation of a pooled estimate with 95% confidence interval and I*
using a fixed effects model (Mantel-Haenszel method) and a random effects model (Mantel-
Haenszel method). Then, another study is picked from the same distribution, but this eleventh
study has an infinite number of patients, and, therefore can be considered as a reference for
the true effect of the intervention. Finally, we determine whether the outcome of this eleventh
study falls within the 95% confidence area of the preceding meta-analysis. If so, the meta-
analysis would have predicted a correct estimate of the intervention. This is repeated 107 times
to determine associations between the likelihood of predicting the correct estimate of effect, I*
and the amount of heterogeneity (o).
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Figure 1. Results Monte Carlo Simulation Study

The larger the I’-statistic, the lower the likelihood that the result of the 11th trial will fall within the 95% CI of the
meta-analysis.

I"MH= I’-statistic

MH=calculations based on fixed effects model using the Mantel-Haenszel method

RMH= calculations based on random effects model using the Mantel-Haenszel method

RESULTS

In a series of figures (Figures 1-3) we have depicted the associations between the accuracy of
estimates derived from meta-analyses (on the vertical axes as the likelihood that the estimate
is correct, i.e., the chance that the result of 11" study falls within the 95% confidence interval
of the meta-analysis estimate) and increasing amounts of heterogeneity (o) on the x-axes.
As expected I* increases and the likelihood to draw correct inferences from a meta-analysis
decreases with increasing heterogeneity (Figure 1). With a random effects model chances of
correct estimates are higher, especially when heterogeneity increases (Figure 1).

Surprisingly, though, in case of low levels of heterogeneity (o close to 0) the I* value appears
not predictive for the accuracy of the meta-analysis result. With low amounts of heterogeneity
(o close to 0%) even meta-analyses with I* >75% yield highly accurate results (Figure 2).Vice
versa, with high levels of heterogeneity even meta-analyses with low I* values are associated
with low predictive values of results (Figure 2).
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Figure 2. Results Monte Carlo Simulation Study: Fixed effects analysis
Chance that, for a certain value of heterogeneity (x-axis) and a certain calculated I’ statistic, the 11% study falls between
the 95% confidence interval of the meta-analysis.
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Figure 3. Results Monte Carlo Simulation Study: Random effects analysis
Chance that, for a certain value of heterogeneity (x-axis) and a certain calculated I” statistic, the 11" study falls between
the 95% confidence interval of the meta-analysis. Calculations based on a random effects meta-analysis.

With a random effects model the width of the 95% confidence intervals increases with
increasing I* statistic, which increases the likelihood of that the 11" study result falls within the
confidence interval limits (Figure 3).Yet, the likelihood to obtain low I* values also depends on
the amount of heterogeneity (Figure 4). In the absence of any heterogeneity (a pure theoretical
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option) the chance of finding a high I* statistic (>50%) is very low, but this rapidly increases
with increasing levels of heterogeneity. But even with high heterogeneity (o large) low I* values
can be derived. All simulations were repeated using an Inverse variance method (instead of the
Mantel-Haenszel method) leading to identical results

% Values for 12

100—- 0
g m  (0-25
> 75 |mm 25-50
£ = 50-75
= 75-100
E 50
z 25,

0.05 0.1 0.15

Heterogeneity (o)
Figure 4: Results Monte Carlo Simulation Study: Chance to observe a certain level of the I” statistic

How do these results relate to the daily practice of performing meta-analyses? We propose
six different scenarios, depending on the amount of expected methodological and clinical
heterogeneity and the results of I’-statistics, that may occur in the preparation of a meta-
analysis (Figure 5).

Scenario 1 and 2: These scenarios relate to situations in which, due to differences between studies,
large amounts of heterogeneity can be expected. Calculated I’ values can be low (scenario
1) or high (scenario 2). As shown in Figure 4, the I’ value can be low (scenario 1), but still
be associated with a low predictive value of the accuracy of the meta-analysis result (Figure
2). In this scenario the low I* value may create a false-positive signal of low heterogeneity. A
high I* value (scenario 2) is intuitively correct, considering the obvious amount of clinical
and methodological heterogeneity, and only confirms what was already expected. Also in this
scenario the accuracy of the meta-analysis result will be low.

Scenario 3 and 4: These scenarios relate to the (rare) situation where, based on the similarity of the
included studies, a low amount of heterogeneity is expected. The chance of obtaining a high I*
value (scenario 4) is low (Figure 4), but even if so the accuracy of the meta-analysis result will
be equally high as with low I* values (scenario 3) (Figure 2). Therefore, with extremely low
levels of heterogeneity I” values are not informative for the accuracy of meta-analyses.
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Figure 5. Clinical Scenarios

Scenario 5 and 6: These scenarios relate to (probably frequent) situations in which differences
between studies exist, but where the impact of these differences on the pooled estimates are
unknown. Especially in such situations a reliable statistical method to quantify the amount
of heterogeneity is needed. In our simulation studies high I* values (>75%) (scenario 6) are
predictive for the presence of heterogeneity (Figure 4) and low predictive values of estimates
derived (Figure 2). Yet, low I* values (scenario 5) correspond to a wide range of systematic
heterogeneity levels, and, thus, to a high level of uncertainty about the predictive value of
meta-analysis results. Even when I’=0 systematic heterogeneity can exist, which will reduce
the reliability of the pooled estimate.

We illustrate only the first two scenarios, as scenarios 3 and 4 are scarce and scenarios 5 and 6
unknown, with two clinical examples of meta-analyses published in the field of critical care

medicine.

Clinical example |

The effectiveness of Selective Decontamination of the Digestive Tract (SDD) has been evaluated
in several meta-analyses (Table 1) (4-10).These meta-analyses included different studies, partly
because not all studies were available at the time of preparation or because different selection
criteria were applied. There were also differences in the aggregate data used per study; some
meta-analyses preferably used intention to treat data, while others preferably used the data of
patients with a length of stay of at least 48 hrs. Also some authors used the hospital mortality
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data when available, while others only used ICU mortality. Despite these differences the pooled
estimate of efficacy of SDD in reducing mortality remained more or less stable with odds
ratios around 0,80, being statistically significant in the most recent analyses. Silvestri et al(9)
summarized the characteristics of the 30 studies included in their meta-analysis. Mortality in
control patients ranged from 3% to 58% (average is 25% with standard deviation (SD) of 15%),
the methodological study quality ranged (on a scale of 16) from 6 to 14 (average is 9 +5),
eleven different patient populations were studied, eleven different intravenous medications
were tested (including no prophylaxis), eleven of 30 studies used intravenous prophylaxis
in control patients, two studies evaluated oropharyngeal decontamination only and three
evaluated intestinal decontamination only. Because of these differences, we firmly believe that
there is considerable heterogeneity between studies. Yet even with all these differences the
calculated I* in this meta-analysis is 0%, and similarly low as for the other meta-analyses.
More recently, the effects of SDD on patient outcome were determined in a multicenter trial
including more patients (n=5939) than in all studies included in the most recent meta-analysis
(11). In this multicenter study SDD was, as compared to standard care, associated with 13%
reduction in day-28 mortality, which corresponded to an adjusted odds ratio of 0.83. This
result was remarkably similar to the results obtained in previous meta-analyses. Thus, despite
obvious methodological and clinical differences between individual studies, the meta-analyses
seemed to have accurately predicted the effects of SDD.

Table 1. Meta-analyses published evaluating selective digestive decontamination

Author Year No. of studies Odds ratio 12
Vandenbroucke-Grauls 1991 7 0.70 (0.45-1.09) 0%
SDD CTG 1993 15 0.80 (0.67-0.97) 0%
Heyland 1994 24 0.83 (0.71-0.98) 0%
Kollef 1994 16 0.88 (0.72-1.08) 0%
Hurley 1995 26 0.86 (0.74-0.99) 5%
D’Amico 1998 17 0.80 (0.69-0.93) 10%
Silvestri 2007 30 0.80 (0.69-0.94) 0%

Pooled odds ratio’s as provided in the meta-analysis or calculated using the information in the manuscript of the meta-
analyses. I* when unavailable was calculated using the chi squared statistic and degrees of freedom. The meta-analysis
of SDD CTG was updated, here only the results of the first publication is provided.

Clinical example Il

In another meta-analysis the effects of weaning protocols on duration of mechanical ventilation
in critically ill adult patients was determined (12). Eleven studies, both randomized and quasi
randomized controlled trials, were selected, evaluating 1,971 patients admitted to 7 different
types of intensive care units. Only two studies used the same weaning protocol and also
the “usual care” in the control group compromised a wide variety of practices. The authors
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used fixed effects models for meta-analysis, and a random effects model in case of statistical
heterogeneity (defined as I* statistic >50% and/or chi-square statistic p<0.05). The primary
outcome was the duration of mechanical ventilation with and without weaning protocol,
which was estimated (with random effects model) as mean log -0.29 (95% CI -0.5 to -0.09).
However a substantial amount of heterogeneity was quantified with the I* statistic (I*=76%).
Subgroup analyses to assess the impact of type of ICU were small (two to four studies) and did
not reduce heterogeneity as indicated with the statistical test. Several secondary outcomes were
tested, no heterogeneity was indicated (I* was estimated as low) in the analyses concerning
hospital mortality (pooled estimate 1.10 (95% CI 0.86 to 1.41, I'=0%, p=0.46) and length of
stay in de ICU (pooled estimate -0.11 (95% CI -0.21 to -0.02 I*=0%, p=0.45), and marked
heterogeneity was indicated in the analyses of ICU mortality (0.98 (95% CI 0.48 to 2.02)
I’=57, p=0.07) and duration of weaning (-1.52 (95% CI -2.66 to -0.37) I’=97%, p<0.001).
The authors concluded that ”compared with usual care, use of weaning protocols can reduce the
duration of mechanical ventilation by 25%, weaning duration by 78% and length of stay in the
ICU by 10%. As there was significant heterogeneity in included trials and most were conducted
in the US, these findings might not be generalisable.” Indeed, heterogeneity was expected
to be high in this meta-analyses (due to differences in intervention, control groups, patient
population), which was confirmed by a high I’ value in many analyses, thereby resembling
scenario 2.The estimates obtained should, therefore, be interpreted with extreme caution.

DISCUSSION

In this study we have demonstrated the crucial importance of study selection (or in other words
of minimizing clinical and methodological heterogeneity) for the accuracy of pooled estimates
derived from meta-analyses. Quantifying statistical heterogeneity, through I’-statistics, can be
helpful in some scenarios (when the amount of heterogeneity is unknown and I’ is high),
but is of no help in other scenarios (at the extremes of heterogeneity levels and when the
amount of heterogeneity is unknown and I* is low). Our findings justify a critical appraisal of
meta-analyses before accepting their results and underscore the huge responsibility of meta-
analysts (and peer reviewers and editors) in adequately performing, interpreting and reporting
of meta-analyses.

The reliability of I” statistics in quantifying levels of heterogeneity has been questioned
before, albeit without determination of its association with estimate accuracy. Huedo-Medina et
al (13) demonstrated that the I” statistic suffers from low statistical power, potentially revealing
misleading results, when the number of studies is small. Ioaniddis et al (14) emphasized that
like any metric I* has some uncertainty that can be expressed in 95% confidence intervals. In
Cochrane meta-analyses with I” values = 25%, 83% of these values had upper 95% confidence
intervals that crossed into the range of large heterogeneity (=50%). Even when I* was 0%, 81%
had confidence intervals exceeding 50%. Yet, these intervals are still rarely provided.

As meta-analyses have become so important in evidence based medicine, their results
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should be reliable and accurate. Our findings demonstrate that heterogeneity importantly
influences both aspects. As of yet, there are no reliable methods to quantify the amount of
clinical and methodological heterogeneity and careful selection of appropriate studies is the
only tool to derive correct inferences from meta-analyses. Unfortunately, this selection will
always be, at least to some extent, subjective. Our findings demonstrate that determination of
I’ is of little value at the extremes of heterogeneity, and it would be helpful to derive criteria
for categorizing meta-analyses into either low or high levels of clinical and methodological
heterogeneity. The consequence would be that meta-analyses with high levels of clinical and
methodological heterogeneity should not provide a pooled estimate (as the level of accuracy
will always be low, regardless of I?) and that meta-analyses with low levels of heterogeneity
should not provide an estimate of I*. In real life, though, levels of heterogeneity of most meta-
analyses will be unknown. In such scenarios I* determination may help to identify estimates
with low predictive values (high I?), for which we recommend not to provide pooled estimates.
With low I* values and unknown levels of clinical and methodological heterogeneity predictive
values of pooled estimates may range extensively, and findings should be interpreted with
caution. Objective methods to quantify the levels of clinical and methodological heterogeneity
are urgently needed to allow reliable determination of the accuracy of meta-analyses. Until
that time we propose that investigators describe the pre-test likelihood of clinical and
methodological heterogeneity and carefully discuss the potential effects on study results.
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SUPPLEMENTARY MATERIAL: HETEROGENEITY

Heterogeneity across studies includes all differences between individual studies related to,
amongst others, study design, populations included, treatment strategies and outcomes. For
simplicity we distinguish two types of heterogeneity: “due to chance” and “systematic”.

Even when using the strictest selection criteria for study inclusion, it is impossible to avoid
some kind of heterogeneity between studies performed under different conditions. In fact,
even in the hypothetical situation that a single study would have been executed multiple times
under exactly the same conditions, the outcome would, due to chance events, not be exactly
the same for each evaluation. In addition to this, unavoidable, heterogeneity due to chance,
there is a possibility of heterogeneity due to systematic differences between the studies,
such as differences in study design, patient populations, diagnostic methods, application of
interventions, or definitions of outcome. Some level of heterogeneity can be avoided by using
strict criteria of study selection, based on design (i.e., only double-blind randomized trials
instead of any randomized trial), populations (only mechanically ventilated trauma patients
instead of all types of mechanically ventilated patients) and outcomes (i.e., only day 28 mortality
instead of mortality measured at different time points). Therefore, although heterogeneity can
be avoided to some extent, it can never be prevented completely. Yet, the predictive value of
meta-analyses is unknown in case of systematic heterogeneity.

Several methods have been proposed for quantification of heterogeneity in meta-analysis
(3). Such a test examines the null hypothesis that all studies have evaluated the same effect.
Cochran’s Q reflects the sum of the squared deviations of study’s estimate from the overall
pooled estimate, weighing each study’s contribution in the same way. P values are obtained
by comparing the statistic with a x* distribution with k-1 degrees of freedom (where k is
the number of studies). Yet, this test is poor in detecting true heterogeneity, especially when
dealing with small numbers of studies.

More recently, the quantity I* has been proposed as a better measure to quantify heterogeneity
(2). I* reflects the percentage of total variation across studies that is due to heterogeneity
rather than chance, and is calculated using Cochran’s Q as 100% x (Q-df)/Q. Negative values
for I* are considered as 0%, which indicates no observed heterogeneity. Heterogeneity can
be quantified as low, moderate and high with upper limits of 25%, 50% and 75% for I’,
respectively. Calculation of I* has now become the standard way of reporting heterogeneity in
all Cochrane reviews (2;3). Interestingly, I is almost always reported as a single value without
95% confidence area, although these areas can be wide, already demonstrating the inherent
uncertainty of this value(14). It is neither possible to quantify the exact level of heterogeneity
across studies nor to distinguish the contribution of chance and systematic heterogeneity.

Adequately dealing with heterogeneity is often difficult, although some guidelines are
provided (3), many different approaches are undertaken. Particularly concerning the assessment
of when heterogeneity is to much for a meaningful meta-analysis as well as the choice of a
particular model to calculate the pooled estimate. Concerning the latter two models are used
(3): 1) the fixed effect model which assumes that all the included studies are estimating the
true effect and that variation in findings among the studies is therefore due to chance only. 2) A
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random effects model which assumes that the effects estimated in the different studies follow
a distribution. The between trial variance is added to the within variance, resulting in a wider
confidence interval of the random effects pooled estimate as compared to the fixed effects

pooled estimate.
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SUMMARY

Background

Selective Digestive Decontamination (SDD) and Selective Oropharyngeal Decontamination
(SOD) are effective in improving survival in patients under intensive care. In this study possible
differential effects in surgical and non-surgical patients are investigated

Methods

A post-hoc subgroup analysis of data from a cluster randomized multicenter trial comparing
three groups (SDD, SOD or standard care) to quantify effects among surgical and non-surgical
patients.. The primary study outcome was mortality at day 28. Duration of mechanical
ventilation, duration of ICU- and, hospital length of stay and bacteremia rates were secondary

outcomes.

Results

The subgroup analyses compromised a total of 2762 surgical patients and 3165 non-surgical
patients. Compared to standard care, adjusted odds ratios (ORs) for mortality were comparable
in SDD-treated surgical and non-surgical patients (OR 0.86, 95% Confidence Interval (CI)
0.69 to 1.09) and OR 0.85 (95% CI 0.70 to 1.03), respectively, but durations of mechanical
ventilation, ICU-stay and hospital stay were significantly reduced in surgical patients only.
SOD did not reduce mortality (adjusted OR 0.97 (95% CI 0.77 to 1.22) in surgical patients,
but reduced mortality in non-surgical patients (adjusted OR 0.77 (95% CI 0.63 to 0.94)) by
16.6%, for an absolute mortality reduction of 5.5% with number needed to treat of 18. In
patients receiving SOD, incidences of ICU-acquired bacteremia were comparable for surgical
and non-surgical patients.

Conclusion

Subgroup analysis found equal effects of SDD in reducing mortality in surgical and non-
surgical ICU patients, whereas SOD was only effective in non-surgical patients. The hypothesis-
generating findings mandate investigation into mechanisms between different ICU populations.
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INTRODUCTION

Nosocomial infections frequently occur in critically ill patients which cause added morbidity
and even mortality in the intensive care unit (ICU). Selective decontamination of the digestive
tract (SDD) is a frequently studied method aimed to prevent infections acquired in the ICU
(1;2). SDD consists of an oral paste containing non-absorbable antibiotics (e.g. polymyxin E,
tobramycin and amphotericin B) which is applied in the oral cavity, application of a suspension
with the same antibiotics in the gastrointestinal tract and a short course of systemic antibiotics.
Selective Oropharyngeal Decontamination (SOD), in which the same topical antibiotics are
applied in the oropharynx only, is considered as an alternative, especially for preventing
ventilator-associated pneumonia (VAP).

Multiple trials have evaluated the effects of SDD and SOD, with beneficial effects on infection
rates being demonstrated in many studies (1;2), while improved survival rates are documented
in three studies for SDD (3-5) and in one for SOD(3). In a recent study both SDD and SOD
were associated with a significant relative reduction of day 28 mortality, of 13% and 11%
respectively, as compared to standard care in a mixed ICU population of 5939 patients (3).

The question remains if this overall effect is different in certain subgroups of patients.
Results from a meta-analysis (6) suggest that surgical ICU patients might benefit more from
SDD than medical ICU patients. It is also unknown whether surgical and non-surgical patients
benefit differently from SDD or SOD. The present post hoc analysis of a recent multicenter trial
(3) was conducted to determine the effects of SDD and SOD in surgical and non-surgical ICU
patients.

METHODS

Study Design

This study uses the data of a large open-label clustered group-randomized controlled cross-
over study of the effect of SDD and SOD on mortality at day 28 in 13 ICUs in the Netherlands.
Details of this study are described elsewhere (3). In short, 5939 patients with an expected
duration of intubation >48 hours and/or an expected ICU stay >72 hours were enrolled.
In each of the 13 participating ICUs, the three regimens (SDD, SOD and standard care) were
applied during 6 months in random order. SOD-treated patients received oropharyngeal
application (every 6 h) of a paste containing polymyxin E, tobramycin and amphotericin B
each in a 2% concentration. In SDD-treated patients, administration (every 6 h) of'a 10 ml
suspension containing 100 mg polymyxin E, 80 mg tobramycin and 500 mg amphotericin
B via the nasogastric tube was added and cefotaxime (1000mg, every 6 h) was administered

Chapter 7

intravenously during the first four days of the study. Topical antibiotics were applied until ICU-
discharge. The surgical or non-surgical status of a patient was determined by the attending
ICU physician at admission. Patients were defined as surgical patients when they were admitted
post-operatively and/or due to surgical conditions. Patients of whom the admitting specialism
was surgery, cardiothoracic surgery or neurosurgery but that were admitted for non-surgical
conditions without prior surgery, were regarded as non surgical patients.
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Outcomes
The primary study outcome was mortality at day 28. Duration of mechanical ventilation,
duration of ICU- and hospital length of stay and bacteremia rates were secondary outcomes.

Statistical analysis

The statistical analysis was performed using SPSS (SPSS, Inc., Chicago, IL.). Our analysis focused
solely on the possible interaction between surgical status and SDD or SOD, no other subgroup
analyses were conducted.

The existence of an interaction between surgical status (i.e. surgical patient yes/no) and SDD
or SOD on the outcome mortality at day 28 was formally evaluated using logistic regression
analyses incorporating terms for SDD or SOD, surgical status and the interaction between SDD
or SOD and surgical status. Because of baseline differences between patients receiving SDD or
SOD and standard care (3), we adjusted for all available covariates (APACHE >20, Age >65,
mechanical ventilation and gender). A Cox proportional-hazards analysis, with all observations
censored at day 28, was conducted to evaluate the interaction between surgical status and SDD
or SOD regarding time to cessation of ventilation, ICU discharge and hospital discharge. Patients
who died were considered to have infinite times to cessation of ventilation and discharge, since
deaths will lead to informative censoring and act in the opposite direction to any positive effect
of the interventions on these outcomes. To quantify the effect of SDD and SOD among surgical
and non-surgical patients regarding the different endpoints, separate analyses for all endpoints
were performed. ICU clustering effects were not taken into account since cluster effects were
not found in earlier analyses and would therefore not change the results.(3) To calculate the
number needed tot treat (NNT) we used the following formula NNT = (1/((OR-1) x UER)) +
(OR/((OR-1) x (1- UER))), where OR>1 is the adjusted OR, and UER is the unexposed event
rate. If OR<1,the corresponding number needed to treat= -NNT(7).

Table 1. Baseline characteristics of the surgical and non-surgical patients

Surgical Non-Surgical
Variable Standard ~ SDD SOD Standard SDD SOD
N=973 N=923 N=866 N=1016 N=1111 N=1038
Age 62.6116.0 64.0115.3" 63.4t16.0 60.2t16.3 61.1£16.2 59.8%16.4
Male sex (%) 617(63.4) 588(63.7) 560(64.7) 603(59.4) 655(59.0) 653(62.9)

Mean APACHE ITscore 17.1+7.3  17.746.9° 17.6%7.6  20.148.1  21.2%8.2" 21.1+8.4"
Mechanical ventilation 899(92.4) 885(95.9)" 835(96.4)° 854(84.1) 1005(90.5)" 958(92.3)"

Previous or pre-
existent disorders

Cardiovascular 526(54.1) 550(59.6)" 474(54.7) 450(44.3) 481(43.3) 425(40.9)
Pulmonary 221(22.7) 214(23.2) 149(17.2)" 268(26.4) 316(28.4) 299(28.8)
Diabetes Mellitus 142(14.6) 129(14.0) 138(15.9) 160(15.7) 152(13.7) 136(13.1)
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Surgical Non-Surgical

Standard ~ SDD SOD Standard SDD SOD

N=973 N=923 N=866 N=1016 N=1111 N=1038
Acute renal failure 29 (3.0) 28 (3.0) 25(2.9) 50(4.9) 44 (4.0) 46 (4.4)
Chronic renal failure 52 (5.3) 73 (7.9)" 66 (7.6)"  67(6.6) 82(7.4) 69(6.6)
Malignancy solid

Variable

116(11.9) 139(15.1) 116(13.4) 80 (7.9) 81 (7.3) 77 (7.4)

organ

Metastasized 35(3.6)  33(3.6) 25(2.9) 29(2.9) 38(3.4)  31(3.0)

malignancy

i’ig;g:ygical 10(1.0)  9(1.0)  6(0.7)  38(3.7) 47 (42)  45(43)

K?];I;umdepressmn/ 15(1.5)  8(0.9)  11(1.3) 32(3.1) 52(47) 36 (3.5

fﬁﬁd and/ordrug ) 43y 35(3.8) 33(38) 69(68) 77(69) 87 (8.4)

Specialism

Surgery 489(50.3) 470(50.9) 440(50.8) 120(11.8) 135(12.2) 111(10.7)
diothoracic

SC:rrgery 293(30.1) 319(34.6) 255(29.4) 28(2.8)  34(3.1)  29(2.8)

Neurosurgery 92 (9.5) 59 (6.4) 80(9.2) 53(5.2) 46(4.1) 60(5.8)

Neurology 13(1.3)  5(0.5)  10(1.2)  115(11.3) 119(10.7) 134(12.9)

Medical 21 (22)  10(1.1) 26 (3.0)  372(36.6) 372(33.5) 345(33.2)

Cardiology 10 (1.0)  8(0.9)  8(0.9) 119(11.7)  151(13.6) 139(13.4)

Pulmonology 5(0.5) 6 (0.7) 5(0.6) 122(12.0) 146(13.1) 133(12.8)

Other 50 (5.1) 46 (5.0) 41 (47)  87(8.6)  107(9.6)  85(8.2)

Patient admitted to

ICU from

Emergency room 140 (14.4) 130 (14.1) 134 (15.9) 325 (32.0) 379 (34.1) 341 (32.9)

ggtlﬁ;llf:disn the 44 (45) 44 (47) 36(42) 72(7.1)  91(82)  85(8.2)

Nursing ward 519 (53.3) 521 (56.1) 482 (55.7) 424 (41.7) 440 (39.6) 433 (41.7)

Other 270 (27.7) 228 (24.7) 214 (24.7) 195 (19.2) 201 (18.1) 179 (17.2)

*P<0.05 as compared to standard care (calculated using the Mann Whitney U test (continuous variables) or chi square
test (dichotomous variables))
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RESULTS

In total 5.939 patients were included in the trial; data about the surgical status of 12 patients
were missing and these were excluded from our subgroup analysis. There were 2762 surgical
patients; 973 received standard care, 866 received SOD and 923 SDD. Of the 3165 non-surgical
patients; 1016 received standard care, 1038 received SOD and 1111 received SDD. All 616
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patients (19.5%), of which the admitting specialism was surgery, cardiothoracic surgery or
neurosurgery (table 1), were admitted for non-surgical conditions without prior surgery and
thus were regarded as non-surgical patients. Overall, patients in the SOD and SDD treatment
groups were slightly older, had higher APACHE II scores and were more frequently ventilated
compared to patients treated in the control period (table 1). There were no significant
differences in baseline characteristics between patients receiving SDD and SOD.

PRIMARY OUTCOME

Surgical patients

The crude mortality rates at day 28 were 21.6%, 20.8% and 22.6% for the surgical patients in
the standard care, SDD and SOD group, respectively. After adjustment for baseline differences in
age, APACHE II scores, proportion being ventilated and gender, ORs were 0.86 (95% Confidence
Interval (CI) 0.69 to 1.09) for SDD and 0.97 (95% CIL 0.77 to 1.22) for SOD (table 2).There
was no significant interaction between surgical status and SDD or SOD regarding mortality. The
adjusted OR for day 28 mortality for SDD versus SOD for surgical patients was 0.88 (95% CI
0.70 to 1.11).

Non-surgical patients

Among the non-surgical patients crude mortality rates at day 28 were 33.2%, 31.7% and
30.0% for the standard care, SDD and SOD groups, respectively, with adjusted ORs of 0.85
(95% CI 0.70 to 1.03) for SDD and 0.77 (95% CI 0.63 to 0.94) for SOD (table 2). Of note,
the adjusted ORs for SDD were almost similar among surgical and non-surgical patients (0.86
and 0.85, respectively), but differed extensively between surgical and non-surgical patients
receiving SOD (0.97 and 0.77, respectively). The OR of 0.77 for mortality in non-surgical
patients receiving SOD (as compared to patients receiving standard care with a mortality rate
of 33.0%) equals a relative mortality reduction of 16.6%, an absolute mortality reduction of
5.5% with a number needed to treat of 18.The adjusted OR for day 28 mortality for SDD versus
SOD for non-surgical patients was 1.09 (95% CI 0.90 to 1.32).

Secondary outcomes

The duration of mechanical ventilation, ICU and hospital length of stay were, after adjustment
for covariates, significantly reduced in surgical patients receiving SDD with Hazard Ratio’s of
1.15 (95% CI1.03 to 1.28), 1.15 (95% CI 1.03 to 1.28) and 1.17 (95% CI 1.01 to 1.35) (table
2). SOD had no apparent effects on any of the secondary endpoints in surgical patients. In non-
surgical patients, though, SOD was associated with a significant reduction in hospital stay (HR
1.18 (95% CI 1.02 to 1.37). In the non-surgical subpopulation SDD was not associated with
significant reductions on any secondary outcome.

106

Melsen.indd 106

10-01-12 08:43



Selective Decontamination of The Digestive Tract and Oropharynx in Surgical versus Non-surgical Intensive Care Patients

Table 2. Primary and Secondary Endpoints

Standard Care =~ SDD SOD

Surgical patients

N 973 923 866
Mortality at day 28

N (%) 209 (21.6) 191 (20.8) 194 (22.6)

Unadjusted Odds Ratio 1 0.96 (0.77 to 1.19)  1.06 (0.85 to 1.32),

Adjusted Odds Ratio” 1 0.86 (0.69t0 1.09)  0.97 (0.77 to 1.22),
Cessation of mechanical ventilation

Median (IQR) 7 (13) 6 (9) 8 (11)

Unadjusted Hazard Ratio 1 1.13 (1.02to 1.27) 1.01 (0.90 to 1.13)

Adjusted Hazard Ratio™ 1 1.15 (1.03t0 1.28) 1.00 (0.90 to 1.12)
Duration of ICU stay

Median (IQR) 9 (13) 9 (9) 9 (12)

Unadjusted Hazard Ratio 1 1.10 (0.99to 1.23) 0.99 (0.89 to 1.11)

Adjusted Hazard Ratio® 1 1.15 (1.03 t0 1.28)  1.04 (0.93 to 1.17)
Duration of hospital stay

Median (IQR) * 29 (33) 26 (29) 29.5 (30)

Unadjusted Hazard Ratio 1 1.12 (0.97 to 1.29) 1.01 (0.88 to 1.18)

Adjusted Hazard Ratio” 1 1.17 (1.01 to 1.35) 1.08 (0.93 to 1.25)
Non-surgical patients

N 1016 1111 1038
Mortality at day 28

N (%) 335 (33.2) 349 (31.7) 308 (30.0)

Unadjusted Odds Ratio 1 0.94 (0.78 to 1.12)  0.86 (0.72 to 1.04)

Adjusted Odds Ratio” 1 0.85 (0.70 to 1.03)  0.77 (0.63 to 0.94)
Cessation of mechanical ventilation

Median (IQR) 8 (14) 8 (14) 8 (10)

Unadjusted Hazard Ratio 1 1.03 (0.91to 1.16) 1.07 (0.95to 1.21)

Adjusted Hazard Ratio® 1 1.04 (0.92to 1.17)  1.07 (0.95 to 1.21)
Duration of ICU stay

Median (IQR) 10 (12) 10 (14) 10 (11)

Unadjusted Hazard Ratio 1 0.97 (0.87 to 1.09) 1.03 (0.92 to 1.16)

Adjusted Hazard Ratio® 1 1.04 (0.93t0 1.16) 1.11 (0.99 to 1.25)
Duration of hospital stay

Median (IQR) 29 (32) 29 (30) 27 (31)

Unadjusted Hazard Ratio 1 1.01 (0.87 to 1.17) 1.11 (0.96 to 1.28)

Adjusted Hazard Ratio™ 1 1.08 (0.93t0 1.25) 1.18 (1.02 to 1.37)

Surgical patients: The 28 day mortality outcomes exclude 16 patients (i.e. 4 standard care, 6 SOD and 6 SDD patients)
for whom the data were unavailable. Data on the duration of mechanical ventilation was unavailable for 1 patient in
the standard care group.

Non-surgical patients: The 28 day mortality outcomes exclude 28 patients for whom the data were unavailable (6
standard care, 12 SOD, 10 SDD). Data on duration of the hospital stay and duration of mechanical ventilation were
unavailable for three patients (two in the SOD and one in the SDD group) and for seven patients (two in the standard
care group and five in the SOD group)

“adjusted for APACHE I1>20, Age >65, Mechanical Ventilation, Gender

"Median (interquartile range) in days for survivors at day 28

#Hazard ratios from Cox regression model with censoring at day 28 (hazard ratios larger than one indicate a tendency
for shorter durations of ventilation, ICU/ hospital stay). Models for adjusted outcomes included the same covariates as
in the logistic regression. Infinite durations were used for patients who died.
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ICU-acquired bacteremia

Crude incidences of ICU-acquired bacteremias were lower for patients receiving SDD or SOD
as compared to standard care (table 3), with the largest differences for Enterobacteriaceae.
However, among patients receiving either SDD or SOD there were no significant differences in
incidences of ICU-acquired bacteremias between surgical and non-surgical patients.

Table 3.Incidences of ICU acquired bacteremia

Surgical Non-Surgical
microorganism Standard SDD SOD Standard SDD SOD
Care Care
N=973 N=923 N=866 N=1016 N=1111 N=1038
No (%)

Staph. Aureus 11 (1.1)  3(03)° 5(0.6) 11(1.0) 6(0.5 4 (0.4)
Strept. Pneumoniae 1(0.1) 0 (0.0) 1(0.1) 2 (0.2) 1 (0.1) 0 (0.0)
GNF-GNR 17 (1.7) 10 (1.1) 6 (0.7)"° 19(1.9) 6(0.5" 11 (1.1)
Enterobacteriaceae 51(5.2) 10 (1.1)"T 25(2.9)" 36 (3.5 8(0.7)"T 34 (3.3)
Enterococcus spp 24 (2.5) 24 (2.6) 23(2.7) 31(3.1) 24(2.2) 126(2.5)

Pts with at least one episode
* * *T *
of bacteremia 86 (8.8) 39 (4.2)" 50 (5.8)" 84(8.3) 41 (3.7)T 60 (5.8)

“Significant reductions (p<0.05) SOD and SDD vs standard care.
TSignificant differences (p<0.05) between SOD and SDD within the same population.
GNF-GNR: Glucose Non-Fermenting Gram-negative Rods; Pseudomonas aeruginosa, Stenotrophomonas maltophilia and

Acinetobacter species.

DISCUSSION

In a ICU population from a cluster randomized cross-over study with 5939 patients with
low levels of antibiotic resistance the use of SOD and SDD were almost equally effective in
reducing 28 day mortality(3).The current subgroup analysis demonstrates that SDD had similar
effects in surgical and non-surgical patients, whereas non-surgical patients had a markedly
higher benefit from SOD than surgical patients.. Of note, this study is performed in ICUs with
low levels of antibiotic resistance.

These findings suggest that surgical patients might benefit from the addition of the enteric
and/or systemic component to the SDD regimen. A higher efficacy of SDD, compared to SOD,
among surgical patients has been suggested before upon the results of a meta-analysis (6).
In that analysis results of studies evaluating SDD or SOD in populations with at least 75%
surgical or trauma patients were pooled and compared to the pooled results of studies with
lower proportions of surgical patients. Mortality was significantly lower in the eleven studies
evaluating SDD or SOD in a predominant surgical population (pooled OR 0.70; 95% CI: 0.52
to 0.93), compared to ten trials with predominantly medical patients. Within these studies,
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survival benefit was largest in the studies using both topical and systemic antibiotic prophylaxis
(pooled OR 0.60 (95% CI: 0.41 to 0.88)), as compared to those using topical prophylaxis
alone (pooled OR 0.86 (95% CI: 0.51 to 1.45)). Our analysis represents the first head-to-head
comparison of SDD and SOD in surgical and non-surgical patients. Strengths of our study
are that the definition of subgroups is more specific than in the previous meta-analysis, that
treatments were uniform in the different study groups (as compared to multiple different
protocols in the meta-analysis) and that it was possible to adjust for confounders.

A concern would be increase in antibiotic resistance with the use of SDD and SOD, but the
occurrence of antibiotic resistance in treated patients was not found in the current study (8).

Nevertheless some limitations should be addressed. As a consequence of the study design and
absence of concealment of randomisation (in detail described in the original publication(3)),
baseline differences were present in the original study and thus also in this subgroup analysis
for which we had to adjust in the analyses. Also the analyses do not provide an explanation for
a different efficacy of SDD and SOD in surgical patients. As such, the current study should be
regarded as hypothesis-generating rather than hypothesis testing, due to the secondary design
based on primary data from a randomised trial.

Prior to the analysis, we hypothesized that the addition of systemic prophylaxis with
cefotaxime and enteric decontamination, to oral decontamination alone, would reduce the
incidence of Gram-negative infections, from which surgical patients might benefit more than
non-surgical patients. Indeed, incidences of Gram-negative bacteremias were lower among
patients receiving SDD compared to those that received SOD or standard care. However, a similar
reduction in surgical and non-surgical patients was observed, indicating that this mechanism
of action is unlikely to explain the observed difference between both patient groups. Since the
effects of SDD on day 28 mortality are also similar in both subgroups, it appears unlikely that
Gram negative bacteremia differently affects outcome in these two populations. Furthermore,
there were no differences in day 28 mortality between SDD and SOD patients that had developed
Gram-negative bacteremia (OR 0.88 (95% CI 0.36 to 2.16)). Unfortunately data of infections
other than bacteremia were not available.

Subgroup analyses are generally not considered as providing definite evidence for several
reasons, including spurious associations that may arise because of data dredging, multiple
testing and chance findings. However, we believe these issues do not play a role of major
importance in the current analyses. First, this subgroup analysis was performed because of
a hypothesis that was already known and described before(6). A single subgroup (surgical
status yes/no) was tested, so no data dredging was performed to identify smaller subgroups

Chapter 7

of possible patient populations with increased benefit. Second, this subgroup analysis was not
performed because of absence of beneficial effects in the trial (the situation in which subgroup
analyses are most commonly conducted).

Further studies of effect in ICU populations with higher rates of resistance are needed for
generalisability of results. Also, research to elucidate the underlying mechanisms of perceived
differences in effectiveness is warranted.
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This thesis focuses on quantification of attributable mortality of Ventilator-associated Pneumonia
(VAP). Determination of attributable mortality of nosocomial infections is challenging, as no
“golden standard” methodology exists and the used methods had major limitations. Yet, over
the last four years novel insights in the methodology of determining effects of nosocomial
infections on mortality have emerged. These novel insights were used, where possible, in the
studies presented in this thesis. Nevertheless various statistical methods have been used to
determine the effects of nosocomial infections. We will provide an overview of these methods
and subsequently discuss their strengths and limitations. Furthermore, we will provide some
recommendations for future studies.

8.1 OVERVIEW OF CURRENTLY APPLIED STATISTICAL METHODS.

We performed a literature search to assess the currently used statistical methods in determining
associations between a nosocomial infection and mortality. PubMed was searched between
January 2008 and 2011 using the following search terms: (((nosocomial OR hospital-acquired OR
ICU-acquired) AND (infection OR pneumonia OR urinary tract infection)) OR (bloodstream infection OR blood
stream infection OR bacteremia OR bacteraemia) OR (VAP OR ventilator-associated pneumonia) ) AND (mortality
OR survival OR outcome OR death). Only studies, published in English, comparing the mortality
between adult patients with and without a nosocomial infection were selected.

In total 3,066 publications were retrieved of which 43 studies (1-43) (see supplementTable
I for a complete overview of the characteristics of these studies) met the inclusion criteria and
could be included (Table 1). In total 49 statistical approaches were used (four studies used two
and one study used three different statistical methods), and 14 different strategies were applied,
with multivariate logistic regression analysis as the most common strategy. Eleven studies used
survival analyses to determine associations between nosocomial infections and mortality.

Table 1. Statistical methods used in 43 studies to determine associations between nosocomial
infections and mortality

Statistical method Number of studies
Chi-square test (1)
Fisher’s exact test (2)
Relative risk (3)

Comparison of mortality rates with calculated 95% Confidence Interval (4)

W NP W 1

Standardized mortality ratio’s (5)
Population attributable fraction (6) 1

Attributable mortality defined as difference in mortality rate per 100 matched 1

pairs.

Logistic regression analysis (7) 4
Multivariate logistic regression analysis (8) 11
114

Melsen.indd 114

10-01-12 08:43



Melsen.indd 115

General discussion

Table 1 (Continued)

Statistical method Number of studies

Kaplan-Meier Survival Curves with log rank test (9) 3

Multivariate Cox regression analysis

—

Multivariate cox regression analysis with time dependent variable (10) 2
Multistate model (including competing risk model) (11) 4
Competing risk analysis with cox regression analysis accounting for time 1

dependency and adjustments for potential confounders. (12)

Table 2. Overview of methods for addressing confounding, time-dependent bias and competing risks
in 43 studies on quantifying associations between nosocomial infections and mortality

Number
Confounding®
Matching criteria 16
Adjustments in the analysis 14
Standardized mortality ratio’s (standardized for expected mortality) 3
No correction or adjustments 15
Time-dependent bias
Including nosocomial infection as a time dependent covariate 7
Survival analysis without correction for time dependent bias 4
No survival analysis 32
Competing risks
Accounting for competing risk in survival analysis 5
Fixed endpoint in survival analysis (e.g. 30 day mortality) 4
Survival analysis without accounting for competing risk 2
No survival analysis 32

*Some studies used more strategies to control for confounding.

8.2 POTENTIAL LIMITATIONS AND STRENGTHS OF THE CURRENTLY
APPLIED STATISTICAL METHODS

Confounding

When estimating mortality due to nosocomial infections confounding is a major issue since
most studies are observational. There is confounding when covariates are associated both with
the development of nosocomial infections as well as with mortality and when these covariates
are unequally distributed. For example, severely ill patients have a higher chance of developing
nosocomial infections and a higher chance of dying. When patients with a nosocomial
infection are more severely ill than control patients without infection, the effects of nosocomial
infections on mortality will be overestimated. Ignoring confounding may, therefore, lead to
biased estimates of the association of interest. Confounding can be subdivided in observed
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and unobserved confounding, and we can only adjust for observed confounding. The most
common confounders that are usually addressed are age, gender, severity of illness and
diagnosis on admission (44).

Only 65% of the 43 studies investigating associations between nosocomial infections and
mortality, published in the past 3 years, attempted to adjust for confounding by applying
matching criteria, performing multivariate analyses or using standardized mortality ratios
(Table 2). Moreover, large differences between studies in type and quantity of matching criteria
and/or possible confounders exist.

Several methods have been proposed to limit the effect of confounding. First, stratification
can be used, i.e. estimating the relation of a nosocomial infection among different strata. This
method is, however, rarely used (none of the studies in the overview used this method) since
the power per stratum is often too low.

Second, to increase the comparability of patients with and without a nosocomial infection,
matching criteria, like e.g. age, gender, admission diagnosis, APACHE II or SAPS 2 scores or
time in the hospital, can be applied. The more criteria used the more difficult it will be to find
a possible match, and increasingly larger populations of possible control patients are necessary.

Third, multivariate logistic regression or Cox regression analyses can be performed
(45). The drawback of these analyses is that instable estimates may occur due to overfitting
if more than one potential confounder per 10 cases (meeting the endpoint of interest) is
included (46;47). Again, this would necessitate larger populations of unaffected “control”
patients. Moreover, one can only control for observed confounding, and not for residual (i.e.
unobserved) confounding.

Some of the studies used a standardized mortality ratio, which is the ratio of observed
deaths to expected deaths (48). The expected chance of mortality is calculated at admission
with a severity of illness score (e.g APACHE II OR SAPS2 score). This method can be seen as an
indirect mean of adjusting a rate, but one can only control for the expected chance of mortality
and no adjustment is made for other possible confounders.

Adjusting simultaneously for more confounders is possible by applying a propensity score
(49;50).The construction of this score is based on associations between included confounders
and exposure (i.e. nosocomial infections). Groups of subjects with similar propensity scores
can be expected to have similar distribution of all potential confounders. With this method,
selection of control patients is based on their propensity score. Also with this method one can
only adjust for observed confounding and not for unobserved confounding.

Logistic regression analysis versus survival analysis

In a logistic regression model the survival status at the end of ICU or hospital stay is used to
model the probability of dying during these periods. The main disadvantage of this approach
is the assumption that observation periods are similar for all patients studied, which hardly
ever occurs in ICU populations. Violation of this assumption can bias the results, as the time in
ICU or hospital is in itself a risk factor for mortality (51;52). Moreover, a nosocomial infection
is treated as present or absent and the timing of this infection during ICU or hospital stay is

ignored.
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To adequately model time to event, survival analyses (e.g. Kaplan Meier method or Cox
proportional hazard model) can be used to evaluate the association between nosocomial
infections and mortality. With the Kaplan-Meier method two survival curves are constructed
(the survival curves of patients with and without infection), which can be statistically compared
using the log-rank test. The main limitation of this method is that adjustments for confounding
is not possible. With a Cox proportional hazard model the effect of multiple covariates on
survival can be assessed allowing adjustment for possible confounders.

During the last 3 years more studies used logistic regression analyses instead of survival
analyses to evaluate the relation nosocomial infection and mortality (15 versus 11 studies,
respectively. Table 1), thereby ignoring the effects of time and increasing the likelihood of
obtaining biased results.

Competing risks in survival analysis

The main argument against using survival methods to analyse ICU mortality or hospital
mortality pertains to censoring. Importantly, the Kaplan-Meier method and Cox model assume
that censoring is non-informative (i.e., that the survival time of an individual patient is
independent of censoring). That is, patients discharged alive from the ICU or hospital must be
representative of all other individuals who have survived to this time of discharge but who are
still in the ICU or hospital. Censoring is informative when the survival time of an individual
is censored as a result of improved or deteriorated clinical condition, which mostly applies to
patients discharged from ICU: they either do not need longer treatment in ICU, usually because
their clinical condition has improved or deteriorated to such an extent that further treatment
in ICU is not considered appropriate. As such, censoring is informative as it carries information
about the survival time. A competing risk is present when informative censoring implies that
discharge from the ICU affects the probability of experiencing an event of interest (death
before discharge). In this setting standard survival curves are not valid (51). When censoring
would occur randomly competing risks would not be a problem, e.g. when mortality would
be assessed at some, predefined, fixed time point (e.g., day 28 mortality).

There are several methods to deal with the problem of competing risks in survival analyses.
In hospital epidemiology the use of competing risks analyses in the evaluation of risk factors
for ICU or hospital mortality, like infections, is increasing due to some recent publications
(24;41;53). Of the selected studies, 2 of the 11 studies that performed survival analyses
ignored the problem of competing risks. Four studies avoided the problem of competing risks
by assessing the endpoint at a predefined fixed time point.

The most commonly used method for addressing competing risks is to calculate cause
specific hazards for each possible event, e.g. the cause specific hazard for discharge (ICU or
hospital) and death (ICU or hospital), which can be done by using separate Cox models
for each event. A limitation of only providing the cause specific hazards of mortality and
discharge is that no inferences can be made on the direct effect of the covariate (i.e. nosocomial
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infections) on the event of interest. For example, the cause specific hazard for mortality may
not be increased for patients with a nosocomial infection, while the cause specific hazard for
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discharge may be significantly reduced, i.e. patients have a longer stay on the ICU or hospital.
As we know that patients do not benefit from prolonged stay on the ICU or the hospital, the
overall effect may still be that there is an increased mortality rate among patients in the ICU.

To directly assess the influence of a covariate on the event of interest, Fine and Gray (54)
introduced a proportional hazards model for the subdistribution, which provides a hazard
ratio for the event of interest (ICU mortality) taken the competing event (ICU discharge)
into account. The cumulative incidence function in a competing risk analysis tends to the
raw proportion of deaths and is, therefore, also called a “subdistribution function”(51).
The estimate of the subdistribution hazard directly reflects the overall effect of a nosocomial
infection on mortality.

Follow up of patients is frequently complete in studies in ICUs or hospital settings, which
enables the use of standard software packages to perform Cox regression analyses to calculate
subdistribution hazards. Only the exposure time of patients who were discharged alive should
be recoded at the largest observed time of death (54). If censoring is present, the R package
cmprsk (55) can be used, and in case of time-dependent variables, the R package kmi (56) can
be used.

Time dependent bias in survival analyses

The occurrence of a nosocomial infection is a time—dependent event, since it may occur after a
patient has been admitted to the hospital. Time-dependent bias occurs when a future exposure
status is treated as if it was known at baseline. For nosocomial infections a time-fixed approach
means that patients are retrospectively divided into infected and non-infected patients. This
approach has been used in many studies, leading to inevitable bias in the estimates of risk
factors and a misjudgement of the true effects of nosocomial infections on patient outcome.
The bias in these estimates implies that the estimator, for example a hazard ratio, will be
less than the unbiased (and true) estimator. In the case of nosocomial infections harmful
effects will, therefore, be underestimated (57). Whether adjustment of time-dependent bias
qualitatively changes conclusions depends on the value of the biased estimate. If, for example,
the hazard ratio in the biased approach significantly exceeds 1, the study’s conclusion will not
qualitatively change when controlling for time-dependent bias. If, however, the hazard ratio
is not statistically significant, controlling for time-dependent bias could result in a statistically
significant point estimate. If a hazard ratio is less than 1, controlling for the bias could change
a significantly preventive effect into an effect that is not significant or even into a harmful effect
(58;59). In figure 1 the effect of time-dependent bias is illustrated using a hypothetical cohort
of 1000 ICU patients admitted to ICU.
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Figure 1.Time-dependent bias illustrated

Time-fixed analyses

A No-VAP VAP B No-VAP VAP
750 250 534 249

‘ 0 ’ 0 ’ 0 ‘ 0 173 43 0 1

Discharge  Death Discharge  Death Discharge  Death Discharge  Death

Time-dependent analyses

B
A Admission VAP Admission
1000 }0\ 759
’ 0 ’ 0 ’ 0 ‘ 0 173 43
Discharge  Death Discharge  Death Discharge  Death Discharge  Death
Time: on admission Time: Start of day 4

On the top row are the models depicted as occurring in the time-fixed analyses (biased analyses) and at the bottom
row the models as occurring in the time-dependent analyses (correct analyses). On the left side (A) the situation
on admission; in the time-dependent analyses all individuals are in the initial state on admission, in the time-fixed
analyses individuals who acquire VAP during their stay in the ICU are already in the VAP state. On the right (B) the
situation at the start of day 4 when the first patient with VAP dies. In the time-fixed analysis the death hazard of VAP
will be too low, as patients with VAP are analyzed as if nosocomial infection had been present on admission, which
increases the denominator (249 instead of 25) in the hazard of VAP As a result, the hazard is decreased, and the
death hazard of patients without VAP will be too high (patients with VAP drop out of the denominator of the death
hazard without infection for the time period in which they have not yet acquired infection). As a consequence, the
denominator is decreased (534 instead of 759) and the hazard is increased. As the death hazard of patients with VAP is
too low and the death hazard of patients without VAP is too high, the hazard ratio will be too low.

Time-dependent bias can easily be avoided by adding a covariate as a categorical time-dependent
variable in a survival analyses. Once a patient experiences an episode of a nosocomial infection,

«

their infection status changes to “yes”, and remains as such until one of the endpoints (i.e.
death or discharge) occurs. This implies that a patient that experiences such an infection will
be represented twice in the database; one row for the period before the infection and one for
the period after infection. As the statistical model of survival analyses is based on a counting
process, reliable estimates will be obtained (60). During the last three years 65% of the studies

performing survival analyses used this method to avoid time-dependent bias (Table 2).
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Multistate models

The class of multistate models forms an extension to that of competing risks models, where
there is only an initial state and several exclusive absorbing states (figure 2a). Typically in
hospital epidemiology patients will also go to intermediate events (e.g. nosocomial infections,
invasive procedures like mechanical ventilation, surgery etc) which are neither initial states
nor final states.

Multistate models describe events over the course of time as transitions between multiple states.
In multistate models both time-dependent covariates and competing risks can be considered.
The progressive disability model (see figure 2b) (61) is particularly applicable to nosocomial
infections.

Estimation of the transition intensities can be done in most statistical packages by fitting a time-
dependent Cox model. Estimation of the cumulative effects is more complicated. Schumacher
et al introduced the R-package changeLOS where the transition probabilities are estimated with
the Aalen-Johanson estimator. From these, attributable mortality and the population attributable

fraction are derived (61).

Figure 2. Multistate model

A . .
0 Admission

1 2
Discharge Death
B
No infection 0 ‘l 1 Infection

2 ‘ 3 ‘ 4 5
Discharge Death Discharge Death

A. competing risks model with initial state (0) and two absorbing states (1 and 2)
B. progressive disability model with an initial state (0), an intermediate state (1), and four absorbing states (2 t/m 5).
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8.3 FUTURE CHALLENGES

To improve the quality and comparability of the studies investigating associations between
nosocomial infections and patient outcomes a more uniform approach in data analysis is
needed. The use of survival analysis should be encouraged, incorporating the time-dependent
nature of nosocomial infections, as well as accounting for competing risks. The combination
of these two (time-dependency and competing risks) complicates the use of standard available
software packages, making these approaches less attractive for clinical researchers (non-
statistians). However, guidelines for performing these analyses have been improved. Competing
risks analyses in standard software programs can incorporate time dependent variables. To use
time-dependent variables in this setting the data-format needs to be re-arranged in a non-
standard format. Wolkewitz et al (41) provide as a supplement with their article a practical
example of the data-format and the SAS and R codes for performing the calculations of cause-
specific hazards ratio in a competing risks analysis with time-dependent covariates. A big
advantage of the competing risks methodology is that it also allows for a better understanding
of why a nosocomial infection increases mortality. In our study estimating the association of
VAP and mortality it was shown that, as compared to patients not developing VAP, the cause
specific hazard ratio (CSHR) of dying in the ICU was 1.13 (95% CI 0.98 to 1.31).Yet, after the
development of VAP patients had a lower risk per day for ICU discharge, as represented by the
CSHR of discharge of 0.74 (95% CI 0.68 to 0.80) (62). The attributable mortality of VAP is,
therefore, mainly caused by prolonged exposure to the risk of dying due to increased length
of stay on the ICU. One should, however, also realise that the estimates of the subdistribution
hazard may not apply to other populations when the risk of the competing event is totally
different to that of the research population.

The role of multistate models in estimating the mortality of nosocomial infections is very
promising. However their use is, even more than the competing risk methodology, limited to
experienced statisticians. Some progress to make it more available for a clinician has been made
by Wangler et al with the R package changeLOS (63) in which the progressive disability model
(figure 2b) is incorporated.

The recent new insights in the attributable mortality of VAP, which was estimated lower
than formerly expected, indicates that the population studied should be large enough to have
enough power to demonstrate any kind of association between infection and mortality. To
accomplish such large populations, multicenter and maybe even international collaborations
will be necessary. Fortunately, such collaborations are currently existing (24;30;61).

Despite the progress that has been made with these new statistical methods there are still
many challenges to overcome. One of the most challenging aspects is adequately dealing with
non-observed confounding, i.e., residual confounding. Almost all studies evaluating the impact
of nosocomial infections on patient outcome are observational, and the risk of confounding
will, therefore, always exist. As discussed before in this thesis, the best — theoretical - way to
eliminate the problem of confounding would be to perform a randomized controlled trial
intentionally inducing a nosocomial infection to patients randomized to the intervention
group. However as this will never be considered ethical other methods should be sought. In
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this thesis we determined attributable mortality of VAP by calculating a ratio of the relative
risk reduction of mortality and VAP using the data of randomized VAP prevention trials. As the
intervention was randomly allocated confounding, and especially residual confounding, was
limited.

In the future researchers should specifically address the problem of confounding in the
design of their study. The more general methods to deal with Confounding, like stratification,
matching, adjustments in the analyses, and propensity scores require certain conditions. First
of all one must upfront determine the potential confounders, which should be based on
previous knowledge or biological mechanisms. Then, these potential confounders should be
accurately measured, preferably prospectively and one should strive for completeness. Also a
considerable amount of patients should be included. This to maintain sufficient power in case
of stratification, an increased chance of perfect matching in case of matching and enough cases
in case of multivariate regression analyses. Of note, one should not correct for variables that
result from the infection itself, like length of stay in the ICU or hospital, which was frequently
done in the past. As confounding is a problem of all observational studies in every field of
research many new strategies are being developed which should also be evaluated in the field
of hospital-acquired infectious diseases.

A second challenge is to adequately model the influence of VAP Survival methods
incorporating VAP as a time dependent dichotomized variable assumes that the influence of
VAP on patient outcome will remain stable during ICU stay. This assumption may hold when
a patient experiences VAP on day 6 and dies on day 10. But what if a patient experiences VAP
on day 6 and dies on day 30. In the current analyses it is assumed that mortality at day 30 still
results from VAP at day 6, neglecting all possible circumstances that could have contributed to
death. Yet, VAP probably increased the length of ICU-stay which in itself increased the risks of
other complications and eventually death. Multistate models, that enable various intermediate
events, could offer more flexibility in the analyses and better capture the (chronological)
complexity of factors influencing mortality. A disadvantage of this method is that it will be
more difficult to understand for general clinicians and difficult to compare between studies.
Also comprehensive databases, with daily information per possible (intermediate) event, are

needed to perform such analyses.

8.4 CONCLUDING REMARKS

In the past accurateness of estimates of associations between nosocomial infections and
mortality have been limited by the statistical methods used. Recent studies have demonstrated
the advantages of survival analyses taking into account the time dependent nature of nosocomial
infections and competing risks.These techniques should now be state-of-the-art, to derive more
reliable and better comparable findings. From here, further methodological improvements are
needed, especially concerning methods to limit the influence of confounding.
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SUPPLEMENT

Table 1: Overview of studies

Author

Adiguzel, 2010

Aly, 2008

Berger, 2010

Borer, 2009

Bou, 2009

Brusselaers, 2010

Burgmann, 2010

Cook, 2010
De Oliveira, 201

De Santo, 2008

Frontera, 2008

Furtado, 2009

Geffers, 2008

Gikas, 2010

Han, 2010

Hortal, 2009

Population

Respiratory intensive
care unit patients
Medical, surgical ICU

Hospital patients

Hospital patients

ICU patients

Severe burn injury
patients

ICU patients

Trauma center

Intensive care patients

Cardiac surgery ICU
patients

Patients with
subarachnoid
hemorrhage

ICU patients

Surgical patients

ICU patients

Medical ICU patients

Cardiac surgery
patients

Infection

Nosocomial candida
infections

Nosocomial infections

Nosocomial bloodstream
infections caused by St.
Aureus or E. Coli

Bloodstream infection
with carbapenem
resistant K. pneumoniae

Pseudomonas aeruginosa
(outbreak) infections
Bloodstream infections

Nosocomial infections

Ventilator-associated
Pneumonia

Nosocomial infection

Nosocomial infections

Nosocomial infections

Imipenem-resistant
Pseudomona aeruginosa
infection

Nosocomial infections

Nosocomial infections

Candidemia

Ventilator-associated
pneumonia

Statistical method

Chi-square test

Chi-square test

Fisher’s exact test
(matching)

Risk ratio (matching)

Risk ratio

Multivariate logistic
regression analysis
(matching)

Standardized mortality
ratio

Fisher’s exact test

Fisher’s exact test

Multivariate logistic
regression analysis

Multivariate logistic
regression analysis

Logistic regression analysis

(matching)

Attributable mortality

defined as difference in

mortality rate per 100

matched pairs (matching)

Comparison of mortality
rates with calculated 95%

confidence intervals.

Kaplan-Meier survival

curves with log-rank test.
Logistic regression analysis.

(matching)

Logistic regression analysis
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Table 1 (Continued)

Author

Jang, 2009

Januel, 2010
Josephson, 2010
Karaoglan, 2010
Kasuya, 2010
Kothari, 2009

Kourkoumpetis, 2010

Lambert, 2011

Madani, 2009

Magnason, 2008

Malacarne, 2010

Markogiannakis 2009

Michalapoulos 2010

Nguile-Makao 2010

Oake 2010

Olsen 2008
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Population

Intensive care patients
Intensive care unit

patients

Neurologic intensive
care unit

Medical, Surgical ICU
patients

Critically ill stroke
patients

Cardiac surgery
patients

Surgery patients

ICU patients

Intensive care patients

Intensive care patients

Intensive care patients

Surgical ICU patients

Intensive care patients

Intenive care patients

Hospital patients

Heart surgery patients

Infection

Nosocomial
Acinetobacter
bloodstream infections

Nosocomial infections

Ventilator-associated
Pneumonia

Ventilator-associated
Pneumonia
Ventilator-associated
Pneumonia

Nosocomial bloodstream
infection

Nosocomial candida
infection

Nosocomial bloodstream
infections and
pneumonia

Nosocomial infections

Nosocomial infections

Nosocomial infections

Nosocomial infections

Nosocomial bloodstream
infection

Ventilator associated
pneumonia

Nosocomial Clostridium
difficile infections

Nosocomial bloodstream
infection

Statistical method

Kaplan-Meier survival
curves with log rank test
(matching)

Population attributable
fraction (matching)
Multivariate logistic
regression analysis

Chi-square test (matching)

Chi-square test

Fisher’s exact test
(matching)

Chi-square test

Competing risk analysis
with cox regression
analysis accounting for
time dependency and
adjustment for potential
confounders.

Relative risk

Multivariate cox regression
analysis with time-
dependent variable
Comparison of mortality
rates with calculated 95%
confidence intervals
Multivariate logistic
regression

Fisher’s exact test
(matching)

multistate model/
conditional logistic
regression/multivariate
logistic regression analysis
Cox multivariable
regression model. Stratified
analysis of baseline
mortality risk

Multivariate cox regression
analysis with time
dependent variable
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Table 1 (Continued)
Author

Ressner 2008
Rodrigues 2009
Rosenthal 2011
Rudiger 2010
Shupp 2010
Tay 2010

Thompson 2008

Thompson 2008

Wolkewitz 2008

Wolkewitz 2010

Wu 2008

Population

Burn patients
Intensive care patients

Intensive care patients

Critically ill acute
heart failure patients

Burn patients
Intensive care patients

Intensive care patients

Intensive care patients

Intensive care patients

Hospital patients

Patients with acute
pancreatitis

Infection

Nosocomial bloodstream
infection

Ventilator associated
pneumonia

Catheter associated
urinary tract infection

Nosocomial infections

Nosocomial bloodstream
infection

Nosocomial urinary tract
infection

Nosocomial bloodstream
infection

Nosocomial bloodstream
infection (MRSA)

Nosocomial pneumonia

Nosocomial bloodstream
infection

Nosocomial infection

Statistical method

Multivariate logistic
regression analysis
Multivariate logistic
regression analysis

Multistate model

Kaplan-Meier survival
curves with log rank test
Multivariate logistic
regression (matching)
Multivariate logistic
regression

Chi-square test (matching)

Chi-square test and
standardised mortality rate
(matching)

Multistate model/
Competing risk analysis
with time dependent
variable

Multistate model

Chi-square test/pairwise
testing (matching)
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Summary

Attributable mortality of Ventilator-associated Pneumonia

Ventilator-associated Pneumonia (VAP) is one of the most common nosocomial infections
among patients admitted to the intensive care unit (ICU). Generally it is believed that VAP
increases both morbidity and mortality of ICU patients. The latter notion is primarily based on
the results of observational studies using a (matched) cohort design.

As no complete overview of all studies evaluating the relation between VAP and mortality
existed, an systematic approach to quantitatively combine the results of all available studies
was executed. The results are described in Chapter 2. A systematic search was performed using
PubMed, Web of Science and Embase from their inception to February 2007 to identify all
eligible studies. A total of 52 studies with a total of 17.347 patients were selected.

In these studies a considerable variation in mortality rates of patients with VAP was found:
14 to 78%. The pooled relative risk of the association VAP and mortality was 1.27 (95%
confidence interval (CI) 1.15 to 1.39), but with an I’ statistic of 69% indicating considerable
heterogeneity. This high level of heterogeneity could not be reduced by pooling studies with
similar methodology, clinical characteristics and quality. Heterogeneity was limited when
pooling studies investigating only trauma patients (9 studies) or acute respiratory distress
syndrome (ARDS, 4 studies) with estimated relative risks of 1.09 (95% CI 0.87 to 1.37) and
0.86 (95% CI 0.72 to 1.04) respectively. Nevertheless despite extensive heterogeneity, estimates
of the studies that were not restricted to trauma patients or ARDS patients suggest that VAP may
be associated with an increased mortality as most of these studies (31 of 38) had a relative risk
above 1.The exact amount of attributable mortality of VAP could however not be quantified
based on the studies. A striking observation was that only a minority of these studies performed
multivariate analyses to control for possible confounders, which may also play a role in the
observed associations between VAP and mortality.

The study described in chapter 2 clearly demonstrates that the evidence regarding the
attributable mortality of VAP is limited by small studies, the influence of confounding and
marked differences in estimations of attributable mortality. Confounding can best be precluded
by conducting a randomized controlled trial with “intentionally” induced VAP in one group,
which of course is highly unethical. Based on this we aimed to determine the attributable
mortality of VAP using the results from randomized controlled trials on different VAP prevention
measures. We reasoned that all patients run a certain risk of developing VAP and that this is-at
random-prevented. If the attributable mortality due to VAP would be 100%, a 50% relative risk
reduction (RRR) of VAP incidence due to a randomly applied intervention should lead to a 50%
RRR of ICU mortality. The ratio of the RRR of mortality and RRR of VAP will, therefore, provide
an estimate of the attributable mortality of VAP

In chapter 3 a total of 58 randomized VAP prevention studies published until July 2010 were
selected with a systematic search strategy using PubMed, Embase, Cochrane Library and
Embase. The results of all these studies were pooled to calculate the RRRs of VAP and mortality.
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The attributable mortality was subsequently calculated as the ratio of RRR of mortality and
RRR of VAP and estimated as 9%. In subgroup analyses, evaluating de influence of study quality,
diagnostic methods and effectiveness of VAP prevention, attributable mortality varied between
3% and 17%. In chapter 3 only the data of the studies, as published in the original publication,
were used to perform the analyses, limiting the ability to perform subgroup analyses and the
ability to use more sophisticated statistical methods.

In chapter 4 the attributable mortality is estimated by means of a meta-analysis with original
patient data (so-called individual patient data meta-analysis (IPD-meta-analysis)). In this
study all authors of VAP prevention studies published between 1998 and 2010 were invited
to collaborate by sending the original database of their studies. This resulted in an IPD-meta-
analysis with in total 24 studies from 13 countries and the original patient data of 6284
patients. De association between VAP and mortality was analyzed using two different methods.

First, the attributable mortality of VAP was estimated, similarly as described in chapter 3, i.e. as
the ratio of the RRR of mortality and VAP,

Second, a more sophisticated method was used: a competing risk survival analysis. The use
of a competing risk approach enabled us to model VAP as a time-dependent exposure and
evaluate its effects on all competing endpoints, being ICU mortality and discharge from the
ICU alive, as these endpoints prevent each other to occur first. The latter is important as ICU
discharge is informative regarding the mortality pattern of the study population (patients are
usually discharged from the ICU when their clinical condition is significantly improved or
deteriorated), and should be taken into account when analyzing ICU mortality. By modeling
VAP as a time-dependent determinant, specifically the effect on the prognosis of ICU patients
after VAP could be evaluated.

In both methods predefined subgroup analyses included:

1. Surgical patients;

2. Trauma patients;

3. Medical patients; and

4. Patients with different categories of severity of illness scores ad admission (low (APACHE
II <20 and SAPS2<35), midrange (APACHEII 20-29 and SAPS2 35-58) and high (APACHE
11 >30 and SAPS2 >58)).

The attributable mortality as calculated with the first method was estimated as 13%, with
higher mortality rates among surgical patients and patients with mid-range severity scores at
admission. Attributable mortality was close to zero in trauma patients, medical patients and
patients with low or high severity of illness scores at admission.

Competing risk analyses were performed using the data of 5162 patients. The overall daily
hazard for ICU mortality after VAP was 1.13 (95% CI 0.98 to 1.31) and the overall daily risk
of discharge after VAP was 0.74 (95% CI 0.68 to 0.80), leading to an overall cumulative risk of
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dying in the ICU of 2.20 (95% CI 1.91 to 2.54). As with the first method, highest cumulative
risk for dying were found for surgical patients (2.97 (95% CI 2.24 to 3.94) and patients with
midrange severity of illness score at admission (2.49 (95% CI 1.81 to 3.44) and 2.72 (95%
CI 1.95 to 3.78)). Based on the competing risks analysis it was concluded that attributable
mortality of VAP is mainly caused by a prolonged exposure to the risk of dying due to increased
length of ICU stay.

The influence of the different pathogens on the attributable mortality of VAP is investigated in
chapter 5. The individual patient data of fifteen VAP prevention trials were analyzed.
Pathogens were categorized as:

1. Staphyloccus aureus;,

Non fermenters (Pseudomonas aeruginosa, Stenothrophomonas maltophilia and Acinetobacter species);
Enterobacteriaceae,

Polymicrobial; and

Other

o WM

Competing risk analyses revealed that VAP caused by non fermenters and Polymicrobial
VAP are associated with the highest mortality. Surgical patients had the highest attributable
mortality of VAP, whereas VAP was not associated with higher mortality in trauma patients, both
irrespectively of causative pathogens.

Heterogeneity

In this thesis meta-analytic techniques were included in the evaluation of attributable mortality
of VAP, Important in performing meta-analyses is the judgment of heterogeneity, which is
currently based on calculation of the I*-statistic. In chapter 2 high levels of heterogeneity
were important for assessing the reliability of the pooled relative risk. Currently, there is no
consensus on how to deal with heterogeneity, and many systematic reviews calculate pooled
estimates even when heterogeneity is high.

In chapter 6 a simulation model was used to investigate the accuracy of the I” statistic in
the assessment and quantification of heterogeneity. Also, the predictive value in relation to
heterogeneity across studies was evaluated. The crucial importance of study selection (in other
words minimizing clinical and methodological heterogeneity) for the accuracy of pooled
estimates derived from meta-analyses was demonstrated. Quantifying statistical heterogeneity,
through I” statistic, is only helpful when the amount of heterogeneity is unknown and the I*-
statistic is high, in all other situations the I’-statistic does not contribute to the assessment of
heterogeneity.
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As meta-analyses have become so important in evidence based medicine, their results should
be reliable and accurate. It was demonstrated that heterogeneity importantly influences both
aspects. As there are no reliable methods to quantify the amount of heterogeneity yet, careful
selection of appropriate studies is the only available tool. Unfortunately this selection will, at
least to some extent, be subjective. Furthermore, pooled estimates should not be provided in
case of high levels of heterogeneity. A critical appraisal of meta-analyses before accepting their
results is warranted.

Subgroup effects in prevention studies

The intensive care population is a very diverse patient population consisting of patients with
differences in admitting specialism (e.g. surgical, medical, trauma), differences in underlying
severity of illness, differences in reasons for admission, and so on. One should take these
differences into account when designing and analyzing studies performed in ICU. The effect
of subgroups are not only important when evaluating the role of VAP or other nosocomial
infections, but also when evaluating the effectiveness of measures in prevention studies.

In chapter 7 potential differences in effectiveness of selective digestive decontamination
(SDD) and selective oropharyngeal decontamination (SOD) in surgical and non-surgical ICU
patients was assessed. Both measures are aimed to reduce the incidence of nosocomial ICU
infections and thus to improve the survival of patients. The difference between SOD and SDD is
that SDD has the addition of systemic prophylaxis and enteric decontamination. A large cluster
randomized multicenter trial showed almost equal effectivity of SOD and SDD in reducing 28
day mortality (odds ratio (OR) 0.86 (95%CI 0.74 to 0.99) en 0.83 (95% CI 0.72 to 0.97),
respectively). The post-hoc subgroup analysis of data from this trial reported in chapter 7
found equal effects of SDD in reducing mortality in surgical and non-surgical ICU patients
((OR) 0.86 (95%CI 0.69 to 1.09) en 0.85 (95%CI 0.70 to 1.03)), whereas SOD was only
effective in non-surgical patients (OR 0.77 (95%CI 0.63 to 0.94)).

Conclusion and recommendation

As demonstrated in this thesis, the attributable mortality of VAP can be investigated in several

ways:

1. The use of observational studies of patients at risk for VAP, of whom some will develop VAP
(and some will not) and subsequent comparison of crude mortality rates of those with and
without VAP This is obviously flawed by the many variables - aside from developing VAP or
not - that differ between both patient groups that also influence mortality.

2. The use of the same observational studies, but now with additional adjustments for
differences that are not equally distributed between those developing and not developing
VAP Yet, in many studies these methods overestimate the attributable mortality of VAP
because of — inevitable — incomplete adjustment for differences between groups — both
unmeasured variables at baseline, as well as changes in clinical condition during ICU stay.
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3. One could - theoretically but not ethically - randomize patients to receive VAP or not and
count deaths in each group.

4. Using the data of randomized controlled trials on VAP prevention. This provides the benefit
of randomization, which excludes the effects of measured and unmeasured differences
between groups.

5. Using novel statistical methods, such as competing risk survival analyses including VAP as
a time dependent exposure.

From the studies described in this thesis it can be concluded that the estimated attributable
mortality of VAP is around 10% (9% in chapter 3 and 13% in chapter 4), which is much
lower than estimates provided in previous studies. Subgroup analyses revealed an absence of
attributable mortality in trauma patients, medical patients and patients with a low or high
severity of illness at admission. Highest attributable mortality rates are found in surgical patients
and patients with an intermediate score of severity of illness at admission.

The lower estimates of attributable mortality and the differences of mortality in subgroups of
patients are of critical importance for the design and interpretation of VAP prevention trials.
Many studies were hugely underpowered to demonstrate improvements in patient outcome.
The new knowledge on attributable mortality underpins the need of large studies (>1000
patients per study group) to demonstrate whether VAP prevention improves patient outcome.
Furthermore, it is rational to focus on the subgroup of patients with the highest mortality rates,
considering the large differences in mortality between subgroups.

Further methodological improvements are needed in determining the attributable mortality of
VAP, especially concerning methods to limit the influence of confounding. The use of multistate
models might improve the determination of the attributable mortality of VAP As these methods
enable various intermediate events, and thus could offer more flexibility in the analyses and
better capture the (chronological) complexity of factors influencing mortality.
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Attributieve mortaliteit van beademings-geassocieerde longontsteking
Beademings-geassocieerde longontsteking of Ventilator-geassocieerde pneumonie (VAP) is een
van de meest voorkomende infecties bij patiénten die opgenomen zijn op de intensive care
(IC). Algemeen wordt aangenomen dat VAP de morbiditeit en de mortaliteit van IC patiénten
verhoogt. Deze aanname is met name gebaseerd op de resultaten van observationele studies.

In hoofdstuk 2 van dit proefschrift geven wij een overzicht van alle observationele studies die
tot op heden zijn verricht om de relatie tussen VAP en sterfte te onderzoeken. Hiertoe hebben
we een systematische literatuurstudie uitgevoerd (PubMed, Web of Science en Embase). In
totaal hebben we 52 observationele studies geselecteerd met in totaal 17.347 patiénten. De
resultaten van al deze studies zijn gepoold, wat resulteerde in een relatief risico (RR) van 1,27
(95% betrouwbaarheidsinterval (BI) 1,15 tot 1,39).

De studies vertoonden een grote verscheidenheid (heterogeniteit) in resultaten (I van 69%).
Dit betekent dat het relatief risico niet betrouwbaar is. De verschillen in resultaten konden
niet worden verklaard door verschillen in opzet van de studies, kwaliteit van de studies en
verschillen in diagnostische VAP criteria die de diverse studies hanteerden. Studies die alleen
trauma patiénten (9 studies) of alleen patiénten met “acute respiratory distress” syndroom
(ARDS, 4 studies) includeerden lieten andere resultaten zien, met relatieve risico’s van
respectievelijk 1,09 (95% BI 0,87 tot 1,37) en 0,86 (95% BI 0,72 tot 1,04). Op grond van
al deze studies lijkt er geen bewijs te zijn dat VAP de sterfte verhoogt bij traumapatiénten
of patiénten met ARDS. Echter, in andere groepen patiénten lijkt VAP wel tot meer sterfte te
leiden (de meeste studies hebben een relatief risico groter dan 1). Opvallend is het gegeven
dat slechts een minderheid van de studies een multivariate analyse verrichtte om te corrigeren
voor eventuele confounding.

De studie beschreven in hoofdstuk 2 laat duidelijk zien dat de uitkomsten van de studies
die de mortaliteit van VAP onderzoeken tegenstrijdig zijn: de attributieve mortaliteit van VAP
varieert en sommige studies laten helemaal geen verhoogde mortaliteit zien. De meeste studies
includeren een klein aantal patiénten en vanwege het observationele design kan confounding
niet worden uitgesloten.

Een gerandomiseerde studie (waarin VAP bewust geinduceerd wordt) is het beste design om
confounding uit te sluiten maar uiteraard is dit niet-uitvoerbaar en bovendien onethisch. De
studie beschreven in hoofdstuk 3 is echter wel op het principe van een gerandomiseerde studie
gebaseerd. In dit hoofdstuk hebben we namelijk de mortaliteit van VAP berekend, gebruik
makend van de resultaten van gerandomiseerde VAP preventie studies. De hypothese hierbij is
dat alle patiénten een bepaald risico lopen op het ontwikkelen van VAP en dat dit, willekeurig
(“at random”) wordt voorkomen door een preventiemaatregel. Dat wil zeggen dat indien de
attributieve mortaliteit van VAP 100% is, een relatieve risico reductie (RRR) van VAP van 50%
leidt tot een 50% RRR in mortaliteit. De ratio van de RRR van mortaliteit en de RRR van VAP is

daarom een weergave van de attributieve mortaliteit.
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In totaal hebben we 58 gerandomiseerde preventie studies geselecteerd die tot juli 2010
zijn gepubliceerd. We hebben deze selectie uitgevoerd door middel van een systematische
zoekstrategie in verscheidene medische databases (PubMed, Embase, Cochrane Library en
Embase). De resultaten van al deze studies zijn gepoold om de RRR’s van VAP en mortaliteit te
berekenen. De attributieve mortaliteit, die is berekend als de ratio van de RRR van de mortaliteit
en de RRR van VAP, was 9%. In subgroepanalyses, waarin we de invloed van de kwaliteit van de
studies, diagnostische methoden en effectiviteit van VAP preventie hebben bekeken, varieerde
de mortaliteit tussen de 3% en 17%. Omdat we in deze studie alleen de data hebben gebruikt
die beschikbaar waren in de originele publicaties van de verschillende studies, was het niet
mogelijk om relevante klinische subgroepanalyses te verrichten en gebruik te maken van
nieuwere statistische technieken.

In hoofdstuk 4 hebben we de attributieve mortaliteit van VAP berekend via een meta-analyse
met originele patiénten gegevens (ook wel een individuele patiénten data (IPD) meta-analyse
genoemd). Voor deze studie hebben we alle auteurs, die tussen 1998 en 2010 een VAP
preventie studie publiceerden gevraagd, om hun originele database met alle patiéntgegevens
ter beschikking te stellen. Dit heeft geresulteerd in een database van 24 internationale studies
met de originele gegevens van in totaal 6.284 patiénten. De relatie VAP en sterfte hebben we
middels twee verschillende methoden bestudeerd.

Allereerst hebben we de attributieve mortaliteit van VAP, namelijk de ratio van de RRR van
mortaliteit en VAP, berekend (zoals in hoofdstuk 3).

Daarnaast hebben we een “competing risks survival” analyse uitgevoerd, waarin VAP als een
tijdsathankelijke variabele is meegenomen. Het gebruik van een “competing risks survival”
analyse met VAP als tijdsathankelijke determinant maakte het mogelijk om het effect van VAP op
de concurrerende eindpunten te onderzoeken. Wanneer IC-sterfte het primaire eindpunt van
de studie is, dient ontslag van de IC altijd te worden meegenomen als concurrerend eindpunt.
Ontslag van de IC is namelijk informatief: de toestand van een patiént is dusdanig veranderd
(verbeterd of verslechterd) dat verdere behandeling op de IC niet noodzakelijk is. Bovendien
sluit ontslag van de IC overlijden op de IC uit.

Binnen beide methoden hebben we de volgende subgroepen bestudeerd:

1. chirurgische patiénten;

2. traumapatiénten;

3. interne geneeskunde patiénten; en

4. patiénten met bij opname verschillen in ernst van ziekte (uitgedrukt in een APACHE II en
SAPS 2 scoresysteem, die elk worden onderverdeeld in drie categorieén: gering (APACHE
I1 <20 en SAPS2 <35), gemiddeld (APACHEII 20-29 en SAPS2 35-58) en ernstig (APACHE
II >30 en SAPS2 >58)).
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De volgens de eerste methode berekende attributieve mortaliteit was 13%. De mortaliteit was
hoger bij chirurgische patiénten en bij patiénten met een gemiddelde ernst van ziekte. De
attributieve mortaliteit bij traumapatiénten, interne geneeskunde patiénten en patiénten met
een geringe ernst van ziekte was nihil.

Bij 5.162 patiénten hebben we een “competing risks survival” analyse uitgevoerd. De hazard
om te overlijden ten gevolge van VAP was 1,13 per dag (95% BI 0,98 tot 1,31). De hazard voor
ontslag van de IC na VAP was 0,74 per dag (95% BI 0,68 tot 0,80). Het cumulatieve risico voor
sterfte op de IC, dat wordt bepaald door zowel de hazard per dag om te overlijden als de hazard
per dag voor ontslag, is 2,20 (95% BI 1,91 tot 2,54).

Uit de resultaten van de “competing risk survival” analyse blijkt dat VAP niet direct de mortaliteit
verhoogt, aangezien de hazard per dag om te overlijden niet signiﬁcant is. Door de langere
ligduur op de IC als gevolg van de VAP (hazard per dag voor ontslag is 0,74 (95% BI 0,68 tot
0,80)) is er echter een langere blootstelling aan het risico op sterfte, wat cumulatief leidt tot
een verhoogde mortaliteit. In de “competing risks survival” analyse vonden we een verhoogde
mortaliteit bij chirurgische patiénten en bij patiénten met een gemiddelde ernst van ziekte.

In hoofdstuk 5 beschrijven we het effect van verschillende pathogenen op de attributieve
mortaliteit van VAP. Hiervoor hebben we wederom originele patiéntengegevens gebruikt. Voor
dit onderzoek hebben we 15 VAP preventie trials geselecteerd met in totaal 3.231 patiénten,
waarvan 532 patiénten (16%) VAP hebben gekregen tijdens hun verblijf op de IC.

De pathogenen werden onderverdeeld in de volgende groepen:

1. Staphyloccus aureus;

niet-fermenterende Gram-negatieve staven (voornamelijk Pseudomonas aeruginosa);
Enterobacteriaceae;

polymicrobieel; en

oA WM

overig.

De resultaten laten zien dat door meerdere pathogenen veroorzaakte VAP en door niet-
fermenterende Gram-negatieve staven veroorzaakte VAP geassocieerd zijn met de hoogste
mortaliteit. Chirurgische patiénten bleken de hoogste attributieve mortaliteit te hebben. Bij
traumapatiénten was er geen sprake van een verhoogde mortaliteit onder patiénten met VAP
Beide bevindingen waren onafhankelijk van het type pathogeen.

Heterogeniteit

In dit proefschrift hebben we onder meer gebruik gemaakt van meta-analyses. Belangrijk
bij het verrichten van een meta-analyse is het bepalen van de mate van heterogeniteit (de
verschillen tussen de studies). Een statistische test die hier vaak voor wordt gebruikt, is de "I*
statistic”. In hoofdstuk 2 gaven we zelf reeds aan te twijfelen aan de betrouwbaarheid van de
uitkomst van de meta-analyse, vanwege de grote mate van heterogeniteit tussen de studies.
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Er is geen duidelijke consensus over de vraag hoe om te gaan met heterogeniteit. In veel
reviews worden gepoolde effectmaten berekend, zelfs wanneer er een aanzienlijke mate van
heterogeniteit aanwezig is.

In hoofdstuk 6 hebben we een simulatie model beschreven waarmee we de nauwkeurigheid
van de I” statistic in het beoordelen van de mate van heterogeniteit bestuderen. Tevens hebben
we gekeken naar de invloed van heterogeniteit op het voorspellend vermogen van een meta-
analyse. De betrouwbaarheid van een meta-analyse blijkt sterk athankelijk van de selectie van
studies (met andere woorden: het beperken van heterogeniteit).

Het kwantificeren van heterogeniteit met behulp van de I* is alleen nuttig wanneer onduidelijk
is of er sprake is van heterogeniteit en de I* hoog is. In alle andere situaties heeft het bepalen
van de I’ geen toegevoegde waarde. Gelet op de belangrijke rol die meta-analyses tegenwoordig
vervullen in de evidence based medicine — en daarmee bij het tot stand komen van allerlei
richtlijnen en aanbevelingen — is de betrouwbaarheid van de resultaten van een meta-analyse
van groot belang.

Tot op heden zijn er geen betrouwbare methoden om de mate van heterogeniteit te bepalen.
Als gevolg hiervan is een strenge selectie van te includeren studies in een meta-analyse
noodzakelijk. Een nadeel van deze selectie is dat deze — in elk geval voor een deel — subjectief
is en blijft. Wanneer sprake is van heterogeniteit raden wij af om een gepoolde effectmaat te
berekenen. Een kritische beoordeling van meta-analyses alvorens de resultaten te accepteren is
ons inziens noodzakelijk.

Subgroepeffecten bij preventie studies

Een intensive care populatie is een zeer gevarieerde patiénten populatie, die verschilt in de
ernst van ziekte, specialisme (bijvoorbeeld trauma, chirurgisch, interne geneeskunde), reden
van opname enzovoorts. Bij onderzoek verricht onder IC-patiénten moet met deze verschillen
rekening worden gehouden.

In hoofdstuk 7 onderzochten wij verschillen in de effectiviteit van SDD (selective digestive
decontamination) en SOD (selective oropharyngeal decontamination) tussen chirurgische en
niet chirurgische patiénten. Zowel SDD als SOD zijn er op gericht om infecties bij IC-patiénten
te voorkomen en dus hun toestand te verbeteren. Het verschil tussen SOD en SDD is dat bij SDD
decontaminatie van de darm en routinematig profylactisch gebruik van parenterale antibiotica
tijdens de eerste vier dagen wordt toegevoegd. Een grote cluster-gerandomiseerde trial vond
bijna geen verschil in de effectiviteit van SOD en SDD (odds ratio (OR) 0,86 (95%BI 0,74 tot
0,99) en 0,83 (95% BI 0,72 tot 0,97)).

In de subgroep analyse, beschreven in hoofdstuk 7, hebben wij wel verschillen in de effecten
van SDD en SOD voor chirurgische en niet-chirurgische patiénten gevonden. SDD is net zo
effectief voor chirurgische als voor niet-chirurgische patiénten in het verminderen van de
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mortaliteit na 28 dagen ((OR) 0,86 (95%BI 0,69 tot 1,09) en 0.85 (95%BI 0,70 tot 1,03)).
SOD blijkt met name effectief voor niet-chirurgische patiénten (OR 0.77 (95%BI 0.63 tot
0.94)). SOD wordt niet geassocieerd met een reductie in de mortaliteit na 28 dagen bij
chirurgische patiénten.

Conclusies en aanbevelingen

In dit proefschrift laten wij zien dat de attributieve mortaliteit van VAP op verschillende

manieren kan worden onderzocht, te weten middels:

1. observationele studies met patiénten at risk voor VAP waarbij de sterftecijfers van
patiénten met VAP en patiénten zonder VAP worden vergeleken. Deze methode is echter
onbetrouwbaar omdat naast VAP ook andere variabelen die van invloed kunnen zijn op de
mortaliteit, kunnen verschillen;

2. dezelfde observationele studies, waarbij wel wordt gecorrigeerd voor verschillen tussen
patiénten met VAP en patiénten zonder VAP. Ook deze methode kent beperkingen omdat
alleen gecorrigeerd kan worden voor bepaalde baseline karakteristieken (zoals APACHE,
geslacht, leeftijd, reden van opname). Deze methode overschat de attributieve mortaliteit
van VAP aangezien niet gecorrigeerd kan worden voor variabelen die niet zijn gemeten en
variabelen die wijzigen gedurende het verblijf op de IC;

3. een gerandomiseerde studie, maar dit is niet-uitvoerbaar en bovendien onethisch;
data van gerandomiseerde VAP preventie trials waarmee, door de randomisatie, zowel
gemeten als niet-gemeten verschillen in variabelen worden voorkomen;

5. het gebruik van state of the art statistische methoden, zoals de competing risks survival
analyses, waarbij VAP als tijdathankelijke variabele wordt gemodelleerd.

De geschatte attributieve mortaliteit van VAP ligt rond de 10% (9% in hoofdstuk 3 en
13% in hoofdstuk 4). Deze schatting is veel lager dan de schattingen in eerdere studies.
Bij subgroepanalyses vonden we geen attributieve mortaliteit van VAP bij trauma patiénten,
interne geneeskunde patiénten en patiénten met een geringe of ernstige ziekte bij opname.
Chirurgische patiénten en patiénten met een gemiddelde ziekte-ernst bij opname bleken de
hoogste attributieve mortaliteit te hebben.

Deze bevindingen, de lagere attributieve mortaliteit en het effect van subgroepen, zijn essentieel
bij het uitvoeren van VAP preventie trials en bij het interpreteren van de resultaten daarvan. Veel
studies waren te klein om een verschil in mortaliteit tussen de groepen aan te tonen. Grote
studies, met de inclusie van meer dan 1.000 patiénten per studiearm, zijn noodzakelijk om
verschillen aan te kunnen tonen. Bovendien is het verstandig om zich te concentreren op de
patiéntengroepen met de hoogste mortaliteit.

Verdere verbeteringen in de methodologie die wordt toegepast om de attributieve mortaliteit
van VAP te berekenen is noodzakelijk, met name met betrekking tot het verminderen van de
invloed van confounding. Het gebruik van nieuwere statische technieken (zoals bijvoorbeeld
een “multistate model”) waarbij er meer flexibiliteit is voor het modeleren van (tijdens een IC
opname veranderende) factoren die de sterfte beinvloeden, zal moeten worden aangemoedigd.
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Prof. dr. M.J.M. Bonten, geachte promotor, beste Marc, ik wil je graag bedanken voor alle
mogelijkheden die je me hebt gegeven om mij te bekwamen als wetenschapper. Dat had
ik niet kunnen denken toen ik, als jonge geneeskunde studente, voor het eerst jouw kamer
binnenkwam met de vraag of ik misschien mee kon doen met een onderzoek. Deel uitmaken
van jouw onderzoeksgroep is een hele eer en zeer stimulerend. Aan het begin van dit traject
vertelde je mij dat je hoopte ook wat van je promovendi te kunnen leren. Ik hoop dat ik aan
deze verwachting heb kunnen voldoen. Dank voor je laagdrempeligheid, altijd snelle reactie,
waardevolle opmerkingen en voor het in mij gestelde vertrouwen.

Dr. M.M. Rovers, geachte co-promotor, beste Maroeska, als expert op het gebied van IPD meta-
analyses heb ik veel van je geleerd. Onze overlegmomenten waren zeer waardevol voor mij,
zeker wanneer ik door alle chaos niet meer wist hoe ik verder moest gaan. Je bleef altijd
zeer positief over mijn werk, zeker belangrijk als ik weer eens (te) kritisch was. Dank voor je
inhoudelijke bijdragen en stimulerende begeleiding.

De leden van de beoordelingscommissie, prof.dr. Kesecioglu, prof.dr. Hoes, prof.dr. Roes, prof.
dr. Schneider en prof.dr. Schumacher. Wat een eer dat u bereid bent om zitting te nemen in
de promotiecommissie. Ik dank u hartelijk voor uw kritische beoordeling van het manuscript.
Prof. dr. Schumacher, it is a great honor to defend my thesis in your presence. Thank you for
your presence on this important day.

Een belangrijk deel van dit proefschrift is zeker mogelijk gemaakt door de samenwerking met
vele (internationale) auteurs. Ik wil hen hartelijk danken voor het ter beschikking stellen van de
databases met originele patiéntgegevens en het kritisch beoordelen van het manuscript.

Beste Martin, dank voor het verrichten van de simulaties voor het heterogeniteit manuscript;
jouw expertise hierin was onmisbaar. Beste Anne Marie, dank voor het “gebruiken” van jouw
database. Leuk was het om samen te werken en jouw enthousiasme is zeer aanstekelijk. Rolf,
dank voor je hulp bij het “bootstrappen”; dat was anders niet gelukt.

De “Wednesday Morning Meeting” was een wekelijks terugkerend event op de woensdagochtend,
waar een diversiteit aan onderzoeken werd gepresenteerd. Ik wil allen bedanken voor de mooie
voordrachten en —meestal wetenschappelijk verantwoorde- discussies.

147

Melsen.indd 147 10-01-12 08:43



Dankwoord

Beste collega-promovendi van het Julius Centrum. Onderzoek verrichten gaat gepaard met
hoogte- en dieptepunten en dat ervaren we allemaal. Daardoor is het zo belangrijk dit met
elkaar te delen. Ik heb genoten van de lunches en de uitjes. In het bijzonder wil ik de volgende
kamergenoten bedanken. Als eerste de dames van kamer 4.126 waar ik de eerste periode van
mijn promotie heb doorgebracht. Ghislaine, Gerrie-Cor, Marie-Elise, llonca, Anneloes, Caroline
en Marjolein, met recht hadden wij de gezelligste kamer van het Julius, al was het af en toe
misschien te gezellig. Lief en leed hebben we met elkaar gedeeld. Helaas kon ik door mijn
werk in de kliniek niet meer aan alle activiteiten meedoen. We kunnen trots op onszelf zijn: we
hebben allemaal het eindpunt bereikt!

Beste Anne en Frederieke, ik ben ontzettend blij dat ik het laatste jaar bij jullie op de kamer zat.
Alle drie waren we erg gedreven om de promotie tot een goed eind te brengen, al zagen we af
en toe niet hoe we al die manuscripten in de korte tijd die we nog hadden moesten afkrijgen.
Het was fijn dat we alle drie in dezelfde fase zaten. Ik wens jullie heel veel sterkte met het
afronden van jullie proefschriften; dat gaat zeker lukken!

Ik wil de maatschap interne geneeskunde van het St. Antonius Ziekenhuis en opleider Tom
Geers hartelijk danken voor het feit dat ik mijn opleiding een jaar kon onderbreken om mijn
promotie af te ronden. Ook zijn jullie, samen met de assistenten, verantwoordelijk voor een
goed opleidingsklimaat en een zeer gezellige en boeiende werkomgeving. Ik ben blij dat ik nog
een tijdje bij jullie mijn opleiding mag vervolgen.

Mijn paranimfen, lieve Pam en Aafke, fijn dat jullie bij de verdediging van mijn proefschrift
aan mijn zijde willen staan. Pamela, veel waardering heb ik voor de wijze waarop jij je
opleiding hebt gedaan en nu je werk als psycholoog uitvoert. Karakteriserend is je enorme
doorzettingsvermogen, daadkracht en inzet. Trots ben ik op je als paranimf en blij met je als
vriendin (en schoonzus).

Aafke, ik ben je heel erg gaan waarderen als collega. Samen onze polistage doorlopen is erg
gezellig. We hebben veel dingen gemeen, zeker onze interesse in de oncologie. Ik hoop dat we
in de toekomst nog lang mogen samenwerken!

Lieve schoonpa en ma, vanaf het eerste moment heb ik me bij jullie thuis gevoeld. Dank voor
alles wat jullie voor ons doen; zoals het liefdevol opvangen van David en het verrichten van de
nodige huishoudelijke taken waar ik door alle drukte geen tijd voor heb.

Lieve Willemieke, schone zus, de passie voor Afrika delen we zeker. Grote waardering heb ik
voor al het vrijwilligerswerk dat je daar hebt verricht. Dat was zeker niet altijd gemakkelijk,
maar je bent en blijft een echte doorzetter.
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Dankwoord

Lieve Willem, als grote broer blijf je zeer belangrijk voor mij. Ondanks dat we zo verschillend
zijn, kunnen we het heel goed met elkaar vinden. Ik ben heel blij om jouw kleine zus te zijn.

Lieve ouders, jullie hebben altijd voor de volle honderd procent achter mij gestaan. Dank voor
de vrijheid en de mogelijkheden die ik heb gekregen om mijn eigen keuzes te maken. Heerlijk
zijn de gezellige etentjes en avondjes, waarbij zeker de gesprekken en de goede wijn niet
mogen ontbreken. Ik weet zeker dat ik zonder jullie niet zou staan waar ik nu sta en daarom
draag ik dit proefschrift aan jullie op.

David, mijn lieve kleine vrolijkerd. Met jou in mijn buik was het afronden van mijn proefschrift
geen probleem. Ik kan niet beschrijven hoe ontzettend trots ik ben om jouw mama te zijn.
Ik ben heel blij dat deze drukke periode is afgelopen, want dan heb ik meer tijd om met
jou te spelen. David, ik hoop dat je altijd die pretoogjes mag blijven houden en dat je in alle
gezondheid mag opgroeien.

Dirk-Jan, mijn lief, ik geniet van elke dag dat we samen zijn. Dank voor alles wat je voor me
doet en hebt gedaan. Je geeft me alle ruimte en hebt me tijdens dit hele traject meer dan
ondersteunt. Ik kijk terug op hele mooie reizen en kijk uit naar de verdere toekomst samen met
jou en onze David.

Marianne
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University Medical Centre Utrecht (UMC Utrecht). In 2008 she received her Master of Science
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