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Patients admitted to an intensive care unit often require
invasive mechanical ventilation (iMV). While iMV is a
lifesaving intervention, it is also carrying some risks such
as ventilator induced lung injury and the development of
ventilator associated lower respiratory tract infections
(VA-LRTI) [1]. The latter are clearly associated with a
consumption of healthcare resources, namely prolonged
use of invasive mechanical ventilation from prolonged
weaning and prolonged stays in the intensive care unit
(ICU) [2]. More recently, ICU physicians have become
aware that nosocomial infections can not only prolong
hospital stay but are also associated with worse long term
outcomes when compared to community acquired infec-
tions [3].

Studies on VA-LRTI have traditionally focussed on
ventilator associated pneumonia. An intermediate pro-
cess is called ventilator associated tracheobronchitis
(VAT). This entity has sparked many discussions and it
has also been considered a neglected disease in differ-
ent published manuscripts. VAT and ventilator associ-
ated pneumonia (VAP) showed similar microbiology
and C-reactive protein and procalcitonin have shown a
marked overlap in both VAP and VAP not allowing ade-
quate discrimination [4]. The main concern with VAT has
been that this clinical entity has been used to “mask” the
true rates of VAP and therefore to decrease the incidence
of VAP in some healthcare systems where pneumonia is
considered an avoidable complication without any true
change in the consumption of antibiotics [5]. Regarding
pathophysiology, VAT might represent an intermediate
process between colonisation and pneumonia and pre-
vention strategies to VAP applies to VAT [2]. In addition,
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some ventilated adults might develop high bacterial bur-
dens in their lungs early in their course, but clear the
bacterial colonization from their lungs without develop-
ing signs of infection in the form of either VAT or VAP.
Also after VAP treatment, a positive bacterial growth can
remain, however, this just represents a colonization and
should not be treated. Pneumonia is not a black or white
disease; there is a continuum between colonisation and
pneumonia that results from the interplay between host,
bacteria and iMV. It is easy to understand that pneumo-
nia starts with a colonised airway and when the local
defences are overcome, lung consolidation and alveolar
space infection occur [6]. It has been recently reported
that VAP represents a temporal period of immunoparaly-
sis and VAT could be used to find the appropriate fit to
fix the immunological puzzle [7].

The key question is how often and what is the incidence
of VAT across different registries. In the literature, there
is high variability when comparing published observa-
tional studies [8]. This is probably related to the different
definitions that have been proposed by different authors
[9]. Definitions would need to strike a balance between
specificity and sensitivity, as they do with many other dis-
eases and clinical entities. The authors of this article con-
sider that one confusion factor that led to the reporting of
extraordinary high rates in some populations is the lack
of microbiological documentation [10]. We are in favour
of the use of a proper assessment of the airway through
the use of bronchoscopy. This will increase the specificity
of the sample to avoid unnecessary antibiotic treatments
[11]. An additional layer of complexity is the problems
of imaging. The most widely used diagnostic tool has
been and likely will be for many years the use of portable
chest X-rays. The exclusive difference from VAP is that
VAT is a VA-LRTI not affecting the lung parenchyma. It
is widely acknowledged that portable X-rays offer poor
sensitivity and specificity when compared to computed
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Fig. 1 Ventilator associated lower respiratory tract infections (VA-LRTI). Algorithm or decision-making algorithm on treatment decisions at bed-
side—including knowledge gaps with interactions of immunity, bacterial burden and impaired local lung immune defences. VAT ventilator associ-
ated tracheobronchitis, VAP ventilator associated pneumonia, MV mechanical ventilation, LUS lung ultrasound
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tomography (CT) scans. As mentioned, a CT scan is con-
sidered the gold standard for academic purposes, yet this
technique is not without potential complications during
the transfer, which have been documented repeatedly.
A potential solution that needs further validation is the
implementation of lung ultrasound (LUS). This proce-
dure is user friendly, not invasive and can be repeated
as many times as it is needed at the bedside. Although
LUS is not sufficient to make the diagnosis of VAP, emer-
gence of subpleural consolidations seems to be the earli-
est sonographic sign, a LUS finding that may prompt the
physician to look more actively for VAP symptoms in the
following days [12]. Also, incorporation of LUS in scores
might help in VAP diagnosis, although further validation
is needed. An important limitation for LUS includes high
operator variability and a lack of unequivocal consolida-
tion patterns, especially in patients with acute respiratory
distress syndrome (ARDS), a condition in which lung
architecture is damaged [13] (Fig. 1).

There are some authors that have considered using
the term VA-LRTI as it was introduced at the begin-
ning of this manuscript. This is to allow VAT and VAP
to be viewed and therefore considered as a paired entity
and will allow discussion of definitions to be left behind
to focus on the practical management of patients. The
two entities will not be treated with the same duration
of antibiotic therapy. However, this will allow us to avoid
unnecessary delays in diagnosis and treatment that will
adversely affect the patient. When physicians utilize VA-
LRTI diagnosis strategies, there are conflicting areas that

need to be addressed. Perhaps one way is to decrease the
antibiotic duration of antibiotics in patients with VAT
compared to VAP. A potential randomised trial might
be to have different arms with different treatment dura-
tion, however, evidence is lacking and studies ongoing
will shed light into a definitive action. This is rigorous
and valid but we have seen many examples that “one size
does not fit all’[14]. The use of short antibiotic admin-
istration has been widely considered in patients with
community acquired pneumonia showing that is safe
and easily implemented. The potential use of short regi-
mens would be ideal for VAT and probably supported
with the use of biomarkers to determine treatment dura-
tion and favourable infection clearance. Another strategy
that could potentially provide good outcomes is the use
of nebulised antibiotics. The use of nebulised antibiotics
have been considered for almost 20—30 years but recently
negative studies in patients with VAP has made to recon-
sidered that there is a high complexity of such antibiotic
administration in patients under iMV. Because different
nebulisers, different ventilatory settings and mismatched
perfusion ventilation in some lung areas create a huge
range of variability and confusion factor in whether
nebulise antibiotic techniques are the solution and how
to administer them [15].

In summary, VAT and VAP have the same pattern of
acquisition, a pathogen that colonises the proximal air-
ways and progresses to deeper airways (VAT) until local
defences are overwhelmed and there is alveolar dam-
age and infection at that level (VAP). Using the term



VA-LRTI, we can simplify this pathophysiology puz-
zle and determine the common cause. A course of 7 to
10 days of antibiotics has been successfully implemented
for the treatment of VAP and probably shorter courses
and nebulised antibiotics could represent a treatment for
VAT. The transition for VAT to VAP is determine by the
local defences of the host and not treating this interme-
diate process exposes the patient to a random risk. We
aim for a validated and universal VAT definition where
LUS protocols can provide further information about
the absence of lung parenchyma infiltrates and thera-
peutic strategies based on nebulised and short antibiotic
courses. VAT is a clinical disease and not an administra-
tive problem in a critically ill patient.
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