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Abstract

Aim: Ventilator-associated tracheobronchitis (VAT) is an intermediate process between lower respiratory tract colonization and ventilator-associated
pneumonia (VAP). This study aimed to provide data on etiologic, laboratory, treatment, and prognostic factors to prevent VAT.

Material and Methods: The study was conducted in tertiary general intensive care units (ICUs) in two different hospitals. The data were prospectively recorded
on the forms prepared by visiting the ICUs daily.

Results: Three hundred and seventeen patients were included in the study. VAT developed in 54 (14.1%) patients, and VAP developed in 108 (28.3%) patients.
VAT developed in an average of 10+7 days (3-35 days) during mechanical ventilatory support. Twenty-eight (51.9%) of the patients developed VAP during VAT.
Inappropriate antibiotic use and prolonged stay in the ICU (>21 days) were the independent risk factors for the development of VAP following VAT. The most
common microorganisms in patients who developed VAT were A.baumannii (38.9%) and K.pneumoniae (29.6%). Multidrug resistance was detected in 76% of
the microorganisms. When the risk factors for the development of VAT were evaluated, prolonged stay in the ICU (>14 days), diabetes mellitus, and application
of a nasogastric tube were independent risk factors. Mortality developed in 11 (20.4%) in patients with VAT.

Discussion: Inappropriate antibiotic use and prolonged stay in the ICU were the independent risk factors for the development of VAP following VAT. Prolonged
stay in the ICU, male gender, diabetes mellitus, and application of a nasogastric tube were identified as independent risk factors for the development of VAT.
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Introduction

Nosocomial lower respiratory tract infections are the most
common type of nosocomial infections observed in the intensive
care unit (ICU) [1]. While mechanical ventilation is a lifesaving
intervention in the ICU, it may cause important risks and
complications, such as ventilator-associated lower respiratory
tract infections, including ventilator-associated pneumonia
(VAP) and ventilator-associated tracheobronchitis (VAT) [2].
Invasive mechanical ventilation via an endotracheal tube is an
important risk factor for nosocomial lower respiratory tract
infections. The major routes for acquiring nosocomial lower
respiratory tract infections are oropharyngeal colonization by
the endogenous flora of the host or by pathogens acquired
exogenously from the ICU environment, particularly the hands
or apparel of health-care workers or contaminated respiratory
equipment, hospital water, or air [3]. The stomach is a potential
site of secondary colonization and also a reservoir of nosocomial
Gram-negative bacilli. The occurrence of endotracheal-tube
biofilm formation plays an important contributory role in
sustaining tracheal colonization, and additionally, it also has
an important effect in late-onset nosocomial lower respiratory
tract infections caused by resistant organisms. Contaminated
oropharyngeal, gastric, or tracheal secretions around the cuffed
endotracheal tube cause nosocomial infections in the normally
sterile lower respiratory tract [4, 5].

Although there are numerous studies related to VAP, there are
a small number of studies related to nosocomial VAT. As far
as the literature can be evaluated, there are only three studies
evaluating risk factors in VAT. There is no study on VAT in
our country. In this study, it was aimed to obtain data for the
prevention of VAT by determining the risk factors, etiological
agents, and therapeutic information.

Material and Methods

The study was performed prospectively in the third-level
general ICUs of X Hospital (Centre A) and Y Hospital (Centre B)
between 1 April 2018 and 1 April 2019. Two ICUs with ten beds
each were investigated in each hospital.

Inclusion and exclusion criteria

Patients over 18 years of age who were admitted to the ICU
for longer than 48 hours and received mechanical ventilator
support were included in the study. VAT was defined according
to the following criteria: fever (>38 °C) with no other
recognizable cause, increased volume and purulence of tracheal
secretions and positive culture of tracheal aspirate (=105 cfu/
mL), and the absence of new infiltration on chest radiograph
[6]. All infections were accompanied by microbiological
documentation. The diagnosis of VAP was made according to
the Centers for Disease Control and Prevention criteria. VAP
was defined by the presence of at least one of the following:
new or progressive and persistent infiltrate, consolidation or
cavitation on chest radiograph; at least one of the following:
body temperature of more than 38.5 °C or less than 36.5 °C or
leucocyte count greater than 12,000 cells per pL or less than 4
000 cells per pL or altered mental status (for adults >70-year
old); and at least two of the following: new onset of purulent
or changes in sputum, new onset or worsening tachypnea,
rales/bronchial breath sounds, worsening gas exchange with

increased vent requirements; and at least one of the following:
positive blood culture not related to another infection, positive
pleural fluid culture, positive quantitative culture (BAL or
PSB), BAL fluid with >5% cells with intracellular bacteria on
microscopy or positive histopathology [7]. The first episode of
VAT was included in the study. Patients with a previous episode
of VAP and immunocompromised patients were excluded
from the study. The demographic characteristics, underlying
diseases, possible risk factors, clinical and laboratory findings
of developed nosocomial infections, treatment, treatment
response, and mortality data of the patients were prospectively
recorded on the forms prepared by visiting the ICU daily.
Statistical analysis

The study data were analyzed by using SPSS 17.0 (Statistical
Package for Social Sciences Inc.) software. The Chi-square test
was used for the evaluation of dependent variables, and logistic
regression analysis was used for the evaluation of risk factors
for independent variables in the statistical analysis. A p-value
of <0.05 was considered to be statistically significant.

Ethical approval

The study was approved by the Kocaeli University Ethics
Commitee (Date: 2018-03-01, No: GU GOKAEK 2018/99).

Results

Three hundred and seventeen patients (250 in Centre A, 132 in
Centre B) who were admitted to the ICU, received mechanical
ventilatory support, and met the eligibility criteria were included
in the study. VAT developed in 54 (14.1%) patients, and VAP
developed in 108 (28.3%) patients. Thirty-six (66.7%) patients
were male in patients with VAT, and the mean age of the patients
was 75+11 years (28-93 years). The mean ICU stay length was
45+43 days (9-265 days). VAT developed in an average of 10+7
days (3-35 days) during mechanical ventilatory support.

When the risk factors for the development of VAT were
investigated in the patient group receiving mechanical
ventilation support, prolonged stay in the ICU (>14 days) (p =
0.000), diabetes mellitus (p = 0.011), cerebrovascular event (p
= 0.034) and application of a nasogastric tube (p = 0.000) were
statistically significantly higher in patients developing VAT
compared to patients not developing VAT (Table 1).

The most frequently determined microorganisms in patients
developing VAT were Abaumannii 21 (38.9%), K.pneumoniae
16 (29.6%) and Paeruginosa 12 (22.2%). Forty-one causative
agents (76%) were multidrug-resistant (MDR) organisms in
patients with VAT. VAP developed following VAT in 28 (51.9%)
of VAT patients. When VAT and VAP developed following VAT
were compared, prolonged stay in the ICU (>21 days) (p =
0.007) and inappropriate antibiotic use (p = 0.030) was higher in
patients whose VAP developed following VAT. The independent
risk factors for the development of VAP developed following
VAT (Table 2).

When the risk factors for the development of VAT were
investigated in the patient group receiving mechanical
ventilation support, prolonged stay in the ICU (>14 days)
(p = 0.000), malignancy (p = 0.016), diabetes mellitus (p =
0.011), cerebrovascular event (p = 0.034) and application of
a nasogastric tube (p = 0.000) were statistically significantly
higher in patients developing VAT compared to patients not
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Table 1. Comparison of baseline characteristics of patients
with or without VAT

Age, years (mean + SD) 75+ 12 72 +14 0.763
Advanced age (>65) 46 240 0.059
Male gender 36 188 0.196
Diabetes Mellitus 26 106 0.011*
Cerebrovascular disease 17 62 0.034*
Chronic renal failure 8 41 0.637
Chronic heart failure 9 94 0.066
Chronic Pulmonary disease 18 121 0.615
Tracheostomy 14 53 0.080
Nasogastric tube 50 224 0.000*
Prolonged stay in the ICU (>14 d) 46 156 0.000*

*Significant

Table 2. The independent risk factors for the development of
VAP following VAT

OR 95%CI p value
MDR 2.56 0.46-14.31 0.283
Inappropriate antibiotic use 0.69 0.00-0.77 0.030*
Prolonged stay in the ICU (>21 d) 0.30 0.00-0.37 0.007*
Diabetes Mellitus 1.80 0.42-7.61 0.420
Cerebrovascular disease 1.47 0.27-7.80 0.651
Chronic renal failure 0.75 0.06-9.02 0.826
Chronic heart failure 0.39 0.02-5.49 0.488
Chronic Pulmonary disease 13 0.19-5.52 0.971
Nasogastric tube 0.00 0.00-0.00 0.999
Tracheostomy 0.53 0.10-2.79 0.458

*Significant

Table 3. The independent risk factors for the development of
VAT

OR 95%CI p value
Male gender 1.77 0.72-4.32 0.021*
Diabetes Mellitus 1.98 1.02-3.81 0.041*
Prolonged stay in the ICU (>14 d) 557 2.46-12.61 0.000*
Nasogastric tube 3.75 1.22-11.57 0.021*

developing VAT (Table 2). Both groups included patients who
developed VAP. Prolonged stay in the ICU (>14 days) [OR=5.57
(2.46-12.61)], male gender [OR=1.77 (0.72-4.32) ], diabetes
mellitus [OR=1.98 (1.02-3.81)] and application of a nasogastric
tube [OR=3.75 (1.22-11.57)] were independent risk factors for
the development of VAT (Table 3).

All of the patients developing VAT received antibiotic treatment.
The mortality developed in 11 (20.4%) of patients developing
VAT.

Discussion

VAT is a major health problem in ICU patients receiving
mechanical ventilatory support worldwide, and it causes
high resource consumption in all countries [8]. Pathogen
microorganisms cause tracheal colonization by bypassing
pulmonary host defenses in patients receiving long-term
mechanical ventilation in the ICU [9]. This condition may

result in VAP during VAT and afterward. VAT is an intermediate
process between lower respiratory tract colonization and
VAP. Post-mortem studies have demonstrated that there is a
continuity between bronchitis and pneumonia in mechanically
ventilated ICU patients [10, 11]. The frequency of VAT is
reported estimated to be approximately 11.5% [12]. The
frequency of VAT (14.1%) was determined to be higher in
this study. The VAT ratio obtained in this study is the highest
detected in studies to date. Additionally, the development of
VAP after VAT in this study’s patients was determined to be as
high as 51.9%. The development of VAP after VAT is reported
to be between 9% and 34% in various studies [6, 11, 13, 14]. In
a prospective observational study performed on VAT patients,
Nseir et al. [15] reported an appropriate antibiotic treatment is
independently associated with reduced risk for transition from
VAT to VAP. In this study, prolonged stay in the ICU (>21 days) (p
= 0.007) and inappropriate antibiotic use (p = 0.030) were the
independent risk factors for the development of VAP following
VAT. The use of antibiotics in patients with VAT is not clear
as a recommendation. The potential undesirable consequences
of antibiotic therapy include high costs and side effects such
as rash, C.difficile colitis, and antibiotic resistance. Therefore,
antibiotic treatment of patients with VAT has not been
supported by existing guidelines. On the other hand, studies
are showing that VAP development decreases after VAT with
appropriate antibiotic use [8].

In this study, A.baumannii, K.pneumoniae, and Paeruginosa
were the most frequently determined microorganisms. In
various studies investigating the causative agents in VAP and
VAT, similar microbiological data were observed [19-21]. MDR
organisms were determined to be present at a rate of 32% and
63% in patients developing VAT [2, 19, 21]. In this study, a high
rate of MDR organisms, 76%, was determined. Appropriate
antibiotic use, hand hygiene, care bundles, and training are
necessary to prevent the development of MDR microorganisms
in ventilator-associated lower respiratory tract infections.
Being over 60 years old, the presence of chronic obstructive
pulmonary disease, and the use of antibiotics within the last
two weeks have been previously determined to be risk factors in
patients with VAT [6]. In another study, mechanical ventilation
day, tracheostomy, and length of stay in the ICU and hospital were
determined to be significantly higher in the group developing
VAT compared to the control group [14]. In this study, prolonged
stay in the ICU (>14 days), diabetes mellitus, male gender, and
nasogastric tube application were independent risk factors for
the development of VAT. Dysfunction develops in the immune
system with advanced age and diabetes mellitus. Nasogastric
tube application in patients may lead to the colonization of
oropharyngeal and gastric microorganisms and subsequent
microaspiration. Long stays in ICUs, increasingly invasive
interventions, and the use of drugs lead to the colonization of
microorganisms. Therefore, hospitalization indications in ICUs
should be questioned regularly for each patient. Although risk
factors have been investigated in many studies about VAP,
risk factor data about VAT are insufficient. It is important to
know the risk factors related to the development of VAT in
terms of determining the precautions to be taken. Therefore,
determining the risk factors for VAT development in this study
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will contribute to the literature.

The mortality rate has been reported to be between 29% and
42% in various studies [6, 21]. There was a mortality rate of
11 (20.4%) in patients developing VAT in this study. VAT is a
common nosocomial lower respiratory tract infection in ICUs.
The VAT ratio obtained in this study is the highest detected
in studies to date. The development of VAP after VAT in these
patients was determined to be the highest compared to
previous studies. Inappropriate antibiotic use and prolonged
stay in the ICU were the independent risk factors for the
development of VAP following VAT. The rate of MDR among
causative microorganisms in VAT in ICUs in this study is the
highest detected in studies to date. Long-term hospitalization,
diabetes mellitus, and application of nasogastric tubes were
identified as independent risk factors for the development of
VAT in this study.

Limitation

The limitation of our study is that it was performed with a
limited number of patients. Studies performed in more centers
and with more patients are needed.

Conclusion

Appropriate antibiotic use, hand hygiene, care bundles, and
training are necessary to prevent the development of MDR
microorganisms in ventilator-associated lower respiratory tract
infections. The presence of foreign bodies and indications for
hospitalization in ICUs should be regularly questioned for each
patient, especially in patients with advanced age and diabetes
mellitus.
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