
In this issue of Critical Care, Forel and colleagues [1], in a 

substudy of the ACURASYS trial of neuromuscular 

blockade in patients with severe acute respiratory distress 

syndrome (ARDS) [2], explore the association between 

mortality and incident ventilator-associated pneumonia 

(VAP) in ARDS, a problem of causal inference that has 

remained unresolved despite multiple attempts to clarify 

the question [3]. Forel and colleagues’ careful study, 

employing a rigorous defi nition of incident VAP [4] and 

multistate regression to attempt to control for the time-

dependence of VAP, is probably the best observational 

study of its kind on the topic. According to their analysis, 

VAP was not independently associated with mortality after 

controlling for severity of illness in a multi-state model.

Th is study is of excellent quality on many fronts. 

Ascertainment of VAP was rigorous and prospective, 

outcomes were established prospectively. Unlike many 

prior studies pertaining to VAP in ARDS patients [5-7], 

Forel and colleagues employed lung-protective ventila-

tion strategies [8], which improves the signal-to-noise 

ratio and the likelihood of ascertaining actual 

relationships.

At the same time, most studies of the relationship 

between mortality and VAP [3,5-7], including the present 

one, suff er from some combination of length bias and 

time-dependent bias. In order to acquire VAP, a patient 

must survive on the ventilator for a period of time, 

probably somewhere between 4 and 12  days, and this 

time lag in susceptibility to VAP will vary from patient to 

patient [5,9]. Th e model Forel and colleagues employed 

does not fully overcome length- and time-dependent 

bias, as we depict in Figure 1a,b. Figure 1c depicts a more 

accurate multi-state model for this problem, but this 

non-biased schematic obfuscates the fact that ‘VAP-

susceptibility’ is currently an essentially unmeasurable 

state. Th e fact that the authors’ sensitivity analysis 

restricted to those patients surviving at least 9  days 

almost achieved statistical signifi cance (P = 0.055), in the 

face of a small sample size, suggests the possibility that 

VAP is, in fact, independently associated with mortality. 

Th e fact that this extremely well designed study was 

unable to answer the question defi nitively suggests that 

this methodology has provided all that it can off er.

Th e limitations of observational met hods raise the 

issue of which problems matter most about clinical out-

comes in VAP. Th e purest methodology for determining 

whether VAP increases mortality in humans is unethical 

to the point of being criminal: instill bacteria directly into 

the trachea of a ventilated patient, as is standard in 

animal studies of pneumonia. But such an experiment is 

not only criminal, it is also scientifi cally pointless. Direct 

induction of pneumonia in ventilated patients is a bad 

idea, regardless of whether antibiotic therapy could avert 

a fatal outcome.

If the pure methodology for assessing the relationship 

between VAP and death is unethical and irrelevant, it is 

worth asking what questions matter most. With trends 

toward penalties for healthcare facilities based on VAP 

incidence, one important question is whether VAP rates 
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are surrogates for quality of clinical care. Recognizing 

that facilities with high early mortality rates may have 

lower VAP rates - an eff ect that could be compounded by 

early transition to comfort care in high-risk patients - 

simple comparisons of VAP rates, even after standard 

severity-adjustment, may be highly misleading. A metric 

that incorporates process measures (for example, 

elevation of the head of the bed, oral care, possibly 

alimentary tract decontamination) and severity-adjusted 

mortality rates will almost certainly outperform even 

severity-adjusted VAP rates.

A more important question is whether interventions to 

improve care of patients with respiratory failure targeted 

at prevention or improved treatment of VAP will improve 

mortality. Such interventions will almost certainly need 

to be multi-factorial and multi-disciplinary. Studies of 

relevant interventions are urgently needed and should be 

supported by healthcare facilities and research-funding 

bodies. Equivocal fi ndings from observational studies 

about associations between mortality and VAP should 

not diminish our enthusiasm for high-quality inter-

ventional trials aimed at improving outcomes for patients 

with ventilator-dependent respiratory failure and/or VAP.
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Figure 1. Schematics for possible multi-state models to describe the possible association between ventilator-associated mortality (VAP) 

among patients who die. (a,b) The schematic of Forel and colleagues [1] (a), which we have simplifi ed into more standard notation in (b). This 

schematic demonstrates the presence of length and time-dependent bias in the analysis. (c) Schematic that eliminates the length and time-

dependence. By VAP-susceptible, we mean that a patient has been ventilated long enough to be susceptible to VAP. Our depiction is modeled on 

the descriptions in Wolkewitz and colleagues [10]. ARDS, acute respiratory distress syndrome; VAP, ventilator-associated pneumonia.
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