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Abstract

Tracheostomy is one of the most frequently performed surgical procedures in intensive care units (ICUs) for preventing complications caused by prolonged mechanical
ventilation. Tracheostomy is advised to remove tracheobronchial secretions, facilitate weaning, and promote early oral feeding. Ventilator-associated pneumonia (VAP) is
hospital-acquired pneumonia that develops 48 h after endotracheal intubation in patients without pneumonia at the beginning of intubation. VAP is a significant cause of
mortality and morbidity, particularly in critically ill patients. In addition to its already known advantages, it is a debatable issue whether tracheostomy is a risk factor for VAP,
The timing of the procedure is a topic that has been discussed in the literature. Previous studies have revealed that tracheostomy can be performed when the predicted
intubation duration is 2 weeks or more. In this review, early or late tracheostomy and its effect on VAP development in ICUs will be discussed along with current literature.
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Introduction

Ventilator-associated pneumonia (VAP) is the most frequently en-
countered infection in ICUs in critical patients receiving mechanical
ventilation (MV) support. VAP is defined as nosocomial pneumonia that
develops after 48 hours of invasive MV in patients without pneumonia
prior to intubation and it occurs in approximately 8%-28% of intubated
patients (1, 2). In general, it is more frequently observed in medical ICU
patients when compared to surgical ICU patients. It is a significant
cause of morbidity and mortality in critical patients. The mortality rates
vary between 24% and 50% and in some cases, they may increase up
to 76% (3). Causative microorganisms vary by the characteristics of ICU
(medical-surgical), patient population, duration of stay in ICU and un-
derlying diseases. The most frequently detected microorganisms are
Pseudomonas aeruginosa, Staphylococcus aureus, Enterobacteria-
ceae and Acinetobacter baumanii in our country (4). The most impor-
tant risk factor for VAP development is the duration of stay on MV. Re-
intubation, severity of the acute disease (Acute Physiology and Chronic
Health Evaluation |- APACHE Il Score), presence of organ failure, bed-
site position, state of consciousness, underlying diseases, presence
of a chronic disease in lungs, previous hospitalizations and history of
antibiotic use are are among the known risk factors (5).

Inrecentyears, tracheostomy implementation has increased with the
development of percutaneous techniques in patients predicted to be sub-
jected to MV for a long time in ICUs (6). Tracheotomy means the surgical
opening of the trachea front wall, however, tracheostomy is to create a

similar opening and then to fix the trachea to the neck skin. During surgi-
cal tracheostomy trachea can be observed directly, as well as the dissec-
tion of pretracheal tissues and the placement of the tracheal cannula. It
can be performed in the operating room or at the patient’s bedside. Per-
cutaneous tracheostomy defines the placement of the tracheal cannula
with blunt dissection of the pretracheal tissues by using the Seldinger
technique as a guide. In general, tracheostomy aims to provide a more
accurate opening. Nowadays, these two terms are interchangeable. Thus,
the term of tracheostomy is used in our in this manuscript.

Itis still argued when tracheostomy will be performed to which pa-
tient with which method. The main purpose of applying tracheostomy
to critical patients in intensive care is to prevent complications such as
tracheal stenosis due to prolonged intubation, tooth damage, paranasal
sinus obstruction, sinusitis, mouth-lip injuries, laryngeal trauma, and cri-
coid damage. Moreover, prolonged translaryngeal intubation has also
life-threatening risks such as accidental extubation and obstruction due
toa pluginthe endotracheal tube, etc. The risk of these complications in-
creases as the duration of translaryngeal intubation increases. Trache-
ostomy has many potential benefits such as easier tube maintenance,
secretion control, allowing patient communication due to the specific
cannula, enabling oral feeding, easier and safer nursing care (7-9).
Moreover, it decreases airway resistance, accelerates the weaning
process from MV and decreases the duration of hospitalization and and
length of ICU stay when compared to the translaryngeal tube. If itis pre-
dicted that translaryngeal intubation will last longer than a few weeks,
in general, tracheostomy is suggested (10, 11).
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The effect of tracheostomy on VAP development has not been com-
pletely enlightened yet. While it is recently suggested that early trache-
ostomy will make bronchial cleaning easier, facilitate patient mobiliza-
tion and decrease bronchial epithelial damage in patients predicted to
stay intubated for a long time, it is also argued that it may increase the
VAP risk due to the direct damage caused to airways and possible mi-
crobial entry during the procedure (12). There is a limited number of
publications in the literature on the relationship between the time of
tracheostomy and duration of VAP development. While there are studies
indicating that the VAP rate is low in patients with tracheostomy (13-16),
there are also studies suggesting that it is a risk factor for the VAP de-
velopment (17-19). On the other hand, no effect on the VAP development
has been identified in some studies (20, 21). In this review, the effect of
tracheostomy opening and its timing in critical patients in ICU on the
VAP development will be discussed in the light of current studies.

1. The Relationship between the Time of Tracheostomy and Me-
chanical Ventilation Duration and Mortality

In spite of the definitions of recently developed ventilator-associat-
ed cases to be used in surveillance definitions, there are not accurate
criteria related to the clinical and diagnostic definition of VAP Although
there are many clinical methods suggested, none of them has sufficient
sensitivity and specificity for the final diagnosis of VAP The evaluation
performed with daily bedside chest radiography may provide assistance
for the presence or absence of VAP However, it does not ensure mak-
ing a final diagnosis (22). Shan et al. (23) described the Clinical Pulmo-
nary Infection Score (CPIS) for the clinical diagnosis of VAP This clini-
cal scoring used in many studies on tracheostomy and VAP considers
physiological, clinical, microbiological and radiological criteria. Scoring
varies between 0 and 12 and scoring =6 indicates good correlation with
the presence of VAP Just as it is hard to make a diagnosis of VAP in
patients with tracheostomy, it is also difficult to establish a relationship
between tracheostomy time and VAP, This is because, in many studies
conducted, the time elapsing until tracheostomy and VAP development
after tracheostomy is variable and it is difficult to evaluate the clear ef-
fect of tracheostomy itself in the light of the current literature.

Considering the VAP pathophysiology in intubated patients, itis pos-
sible to say that patients subjected to tracheostomy have a decreased
risk of VAP when compared to translaryngeal intubated patients. There
are many factors supporting this hypothesis. Endotracheal tube in intu-
bated patients causes aspiration of contaminated oropharyngeal secre-
tions. This colonization is the most significant risk factor for the VAP de-
velopment (24). The movement and normal opening and closing of vocal
cords in patients subjected to tracheostomy decrease the aspiration of
oropharyngeal secretions. Furthermore, endotracheal tube constitutes
a surface for the bacterial biofilm formation. The periodical change of
tracheostomy cannula may decrease the risk of the formation of this
bacterial biofilm. Moreover, itis indicated in many studies that tracheos-
tomy makes the weaning from MV easier, shortens the MV duration and
decreases the duration of stay in ICU (25, 26). MV duration which is the
most important risk factor for VAP has been evaluated in most of these
studies, and the patients have been assessed by being separated into
groups of early tracheostomy and late tracheostomy.

In general, early tracheostomy is recommended for critical patients
who have difficulty in weaning from MV or who are predicted to need
MV for a long time. It is easy to predict prolonged MV need in patients
developing respiratory insufficiency due to neuromuscular reasons,
with a serious head trauma and intubated due to burn or upper respi-
ratory obstruction. It was stated in the study conducted by Mitton et

al. (27) on patients with recent traumatic brain damage that, since the
respiratory center of the patients with infratentorial brain damage is af-
fected more, their need for tracheostomy within the first 8 days is higher
because dysphagia, difficulty in the secretion control, airway spasm
and hypoventilation are more frequently observed in patients with in-
fratentorial brain lesion. It was stated in this study conducted in neu-
rorehabilitation service that patients subjected to early tracheostomy
were more successful in terms of weaning from MV when compared to
late tracheostomy. In the study conducted by Kim et al. (28), the effects
of early and late tracheostomy on patients subjected to decompressive
surgery were examined. It was determined that early tracheostomy
decreased the duration of antibiotic use for pneumonia treatment in
patients with serious brain damage. Bouderka et al. (29) prospectively
randomized 62 patients with serious head trauma and with the Glasgow
coma score below 8 into groups of early tracheostomy (5™ and 6 days,
n=31) and prolonged endotracheal intubation (n=31). MV duration was
found to be 3 days shorter in the early tracheostomy group. No differ-
ence was observed in pneumonia and mortality rate. Although MV dura-
tion was found to be short in this study, the method of weaning from MV
was not defined.

However, as it is not easy to predict patients who will need pro-
longed MV in the other critically-ill patient groups, there are currently
no clear determinants to identify these patient groups. In the previous
studies of Georges et al. (30) and Rello et al. (31), the VAP incidence was
stated to be 25% and 18%, respectively, in patients subjected to surgical
and percutaneous tracheostomy. In these studies, VAP usually started
on the day tracheostomy was performed. However, in these studies,
the VAP incidence was not evaluated separately after tracheostomy,
before tracheostomy or in patients not subjected to tracheostomy. Non-
traumatic patients without immunosuppression and subjected to MV for
longer than 7 days were not included in the retrospective case control
study conducted by Nseir et al. (14), in which the relationship between
tracheostomy and VAP was examined. MV duration and the duration of
stay in ICU were found to be shorter in patients subjected to early tra-
cheostomy. In this study, neurological disorder and antibiotic use were
found to be the other risk factors for VAP,

In a study conducted recently in our country, in which 203 ICUs
were included (87.2% were tertiary, 83.4% were mixed ICU), elective
tracheostomy was applied to 5720 (7.1%) of the 80569 patients subjected
to MV. The most frequent indication for tracheostomy was found to be
prolonged MV. Seventy-nine point eight percent of the tracheostomies
were opened percutaneously in ICU. Griggs guide wire dilatating for-
ceps technique (70.4%) was determined to be the most frequently used
method. In this study, the fact that tracheostomy made weaning from
MV easier was indicated as the most important advantage of it. Consid-
ering the timing of tracheostomy, while early tracheostomy was applied
within the first week in only 3% of the ICUs in Turkey, tracheostomy was
applied in the 2" or 3" weeks in 97% of the ICUs (32).

In the TracMan study, the effect of early tracheostomy on mortality
in critical patients requiring MV as a primary endpoint was examined. In
this multi-centered, open-ended, randomized, controlled study, patients
were randomized into two groups as the early tracheostomy group sub-
jected to tracheostomy within the first 4 days (n=445) and the late tra-
cheostomy group subjected to tracheostomy after the 10th day (n=454).
While tracheostomy was performed in 91.9% of the patients randomized
in the early tracheostomy group (95% CI:89%-94.1%), it was applied in
only 44.9% of the patients randomized in the late tracheostomy group
(95% Cl:40.4%-49.5%). While death due to all reasons on the 30th day
after randomization was 30.9% in the early tracheostomy group, it was
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31.5% in the late tracheostomy group (A clear decrease in risk; early vs.
late 0.7% 95% Cl:-5.4%-6.7%). Although VAP incidence was not investi-
gated, in this study having the highest number of patients, no difference
was determined between two groups in terms of the antibiotic use [5
(1QR 1-8) vs. 5 (IQR 1-10, p=0.95)] (33).

In the light of all these studies, it can be concluded that early trache-
ostomy shortens the duration of stay in ICU and decreases the complica-
tions in patients who are predicted to be subjected to prolonged intuba-
tion. If prolonged mechanical ventilation need is still in question even after
the patients are stabilized in mechanical ventilation, tracheostomy should
be planned considering the above-mentioned advantages. However, there
is no clear interpretation on the VAP incidence. Although early trache-
ostomy is not frequently performed in ICUs in our country, it is certain
that intensive care doctors will be more inclined to early tracheostomy,
with the widespread availability of percutaneous tracheostomy. Due to
the fact that percutaneous technique is still developing and many doctors
interested in intensive care have not completed the learning curve yet, it
is possible to provide assistance from otorhinolaryngologists for surgical
tracheostomy. However, it is estimated that percutaneous tracheostomy
will become prevalent due to experience and familiarization increasing
over time. Considering the advantages of early tracheostomy, it is impor-
tant for intensive care doctors to improve themselves in this regard.

2. Time of Tracheostomy and Ventilator-Associated Pneumonia

The VAP incidence is indicated to be between 6%-26% in patients
with tracheostomy (1). In the current studies, the duration between tra-
cheostomy application and VAP development is considerably variable,
and there is no specific time indicated. In the study conducted by Nseir
et al. (14), VAP developing within the first 5 days after the start of MV
was accepted as early VAP and VAP developing after 5 days was ac-
cepted as late VAP The average MV days before tracheostomy were
found to be 21 (£12) days. Tracheostomy was performed in 72% of the
patients (128/177) 7 days after the start of MV. One hundred seventy-
eight VAP episodes were observed in 124 patients in total (84% late-
onset VAP). Sixty-nine VAP episodes in total occurred after tracheos-
tomy was performed. The average duration between MV onset and first
VAP episode was determined to be 15+10 days. The average duration
between tracheostomy in the control patient group or related MV days
and first VAP episode was found to be 4.5£2.1 vs. 4.9+2.5 days (p=0.514).
Previous antibiotic use, neurological disorder, antibiotic use during ICU
hospitalization, duration of the antibiotic use during ICU hospitalization
and tracheostomy were determined to be factors related to VAP as a
result of a univariate analysis. Neurological disorder and antibiotic use
during ICU hospitalization were identified as independent risk factors
increasing VAP On the other hand, tracheostomy was found to be an
independent risk factor decreasing the VAP risk.

Inthe retrospective study they conducted, Turkovic et al. (34) com-
pared three different patient groups, being those without tracheostomy
before the VAP development, those never subjected to tracheostomy
and those subjected to tracheostomy after the VAP development. No
difference was determined among the groups in terms of the reason
for MV or tracheostomy, number of re-intubation, number of MV days,
ICU hospitalization days, corticosteroid and antibiotic use before tra-
cheostomy. In the study in which 453 intubated patients in total were
included, tracheostomy was performed in 178 (39%) patients during
the ICU hospitalization period. While tracheostomy was performed in
98 patients of the 113 patients (25%) before the VAP development, it
was performed in 15 patients after the VAP development. The SAPS
Il and APACHE Il scores of patients without tracheostomy after the

VAP development were found to be higher when compared to those
with tracheostomy before the VAP development (p=0.024). Most of the
patients (60%, 46/77) with tracheostomy constituted ICU admission re-
lated to neurosurgery. In this study conducted by Turkovic et al. (34),
mortality was found to be two times more in patients not subjected
to tracheostomy during the ICU hospitalization when compared to the
patients subjected to tracheostomy before or after the VAP develop-
ment. Corticosteroid use and MV duration were determined to be
other factors increasing mortality. The MV duration and duration of
stay in ICU until the VAP development were found to be 2 times longer
in the group subjected to tracheostomy before VAP when compared
to the group not subjected to tracheostomy before or after VAP The
VAP incidence in ICU was determined to be 25% during the study. Tra-
cheostomy decreased the risk of VAP development by 67% (Relative
risk 0.33, 95% CI:0.20-0.56). In the study group, VAP developed in 34%
(98/290) of those not subjected to tracheostomy and in 9% (9/163) of
those subjected to tracheostomy.

The effect of tracheostomy on mortality, MV duration and VAP in-
cidence in critical patients were also evaluated with meta-analyses.
Firstly, Durbin et al. (35) evaluated 7 studies examining 641 patients by
separating them into the groups of early tracheostomy (n=311) or pro-
longed endotracheal intubation or late tracheostomy (n=330) in 2010. In
six of these studies, tracheostomy was performed within the first 5 days.
Cross randomization was performed in two studies, and methodological
limitations were identified. When all studies were included and evalu-
ated, it was found out that early tracheostomy did not affect mortality
(OR:0.79, 95% Cl:0.3-1.45) and VAP risk (OR:0.67, 95% CI:0.36-1.23). When
meta-analysis was decreased to 5 studies (when the studies in which
tracheostomy was performed within the first 5 days were included), it
was observed that it had no effect on mortality (OR:0.66, 95% Cl:0.37-
1.17), VAP development (OR:0.62, 95% CI:0.3-1.3) and MV duration (OR:-
7.32 days, 95% Cl:-15.3-0.65).

In the meta-analysis conducted by Wang et al. (36) in 2012, the ef-
fect of early tracheostomy, prolonged translaryngeal intubation and tra-
cheostomy performed following prolonged translaryngeal intubation on
clinical results in critical patients was examined. Early tracheostomy
was described as tracheostomy performed within the first 7 days. The
primary endpoint was determined as short-term mortality and VAP inci-
dence. 7 studies were included in the meta-analysis, and 1044 patients
in total were examined. Early tracheostomy did not significantly de-
crease hospital mortality and short-term mortality (RR:0.86, 95% CI:0.65-
1.13, p=0.28) defined as 90-day mortality and VAP incidence (RR:0.94,
95% CI:0.77-1.15, p=0.54). It was observed that there were data on me-
chanical ventilation in 4 studies (n=442) and early tracheostomy did not
reduce MV duration in these studies (WMD:-3.9 days, 95% Cl:-9.71-1.91,
p=0.19). Although this meta-analysis is significant in terms of the num-
ber of patients, the patient groups included in the studies are heteroge-
neous. Another limitation is that the definitions of early tracheostomy
and late tracheostomy are variable. Tracheostomy was performed be-
tween 2" and 8" days in the early tracheostomy group and between 14t
and 28" days in the late tracheostomy group.

In the study conducted by Rumbak et al. (13), performing trache-
ostomy within the first two days after ICU admission to ICU decreased
mortality rate, VAP incidence and length of ICU stay more when com-
pared to the patients subjected to tracheostomy between the 14" and
16" days. Although the method of weaning from MV was described in
this study, the average MV duration was more than the average length
of ICU stay. The reason for this is the fact that the group subjected to
tracheostomy was transferred from ICU earlier.
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In the meta-analysis in which Griffiths et al. (21) examined 406 cas-
es from 5 randomized or cross randomized studies, they found out that
early tracheostomy did not affect mortality (RR:0.79, 95% Cl:0.45-1.39),
and moreover, the risk of pneumonia was not affected by the time of tra-
cheostomy (WMD-8.5 days, 95% Cl:-15.3-1.7). Early tracheostomy sig-
nificantly decreased MV duration (RR:-15.3, 95% Cl:-24.6 to -6.1). There
is a potential selection bias in this meta-analysis since it includes cross
randomization studies.

In the study conducted by Terragni et al. (37), the patient group
subjected to tracheostomy between the 6" and 8" days and the group
subjected to tracheostomy between the 13" and 15" days were com-
pared in terms of the VAP incidence. While patients with the SAPS I
score of 35-65, SOFA score>b and CPIS<6 were included in this study,
the patients with COPD or lung cancer were not included. The pres-
ence of VAP was stated with simplified CPIS (21) scoring. This scoring
is calculated with tracheal secretions as 0, 1, 2, infiltrations in a chest
x-ray, fever, white blood cell count, 0 or 2 of Pa0,/Fi0, rate (or the pres-
ence of ARDS) and microbiological results. At the beginning of the study,
CPIS was calculated every 72 hours before and after randomization and
until the 28" day of randomization. While the primary endpoint was
determined as cumulative VAP incidence on the 28" day, secondary
endpoints were identified as the number of days without a ventilator,
number of days without ICU and recovery in both groups. 419 patients in
total were separated into groups of early tracheostomy (n=209) and late
tracheostomy (n=210). VAP developed in 30 patients (14%, 95% Cl:10-
19%) in the early tracheostomy group and in 44 patients (21%, 95% Cl:15-
26%) (p=0.07) in the late tracheostomy group. In the early tracheostomy
group, the number of days without a ventilator, number of days without
ICU and successful weaning from MV and discharge from ICU were
found to be significantly higher. No difference was observed in terms
of the twenty-eight-day mortality. The hazard ratio was found to be 0.66
(95% Cl:0.42-1.04) for VAP development.

Recent studies on tracheostomy and VAP development are summa-
rized in Table 1 (38-45). In the studies in which the Center of Disease
Control (CDC) criteria and CPIS were generally used for VAP definition,
no difference was determined between the early tracheostomy group
and late tracheostomy group in terms of the VAP incidence. Contrary to
the results of these studies conducted in different patient groups such as
neurosurgery, trauma, neurology, medical and surgical ICU, in the studies
conducted by Zheng et al. (42) in surgical ICU, the number of days without
a mechanical ventilator in patients subjected to tracheostomy within the
first 3 days and VAP rate were found to be lower when compared to the
patients subjected to tracheostomy after the 15* day (Table 1).

There is no consensus in the literature on the timing of tracheosto-
my. Although it has been indicated in the above mentioned studies that
early tracheostomy does not cause increased mortality, it is not clear
whether early tracheostomy increases VAP risk.

Conclusion

Although tracheostomy was considered a complex surgical proce-
dure that may cause many complications, recently it is being performed
more frequently especially with the adoption of percutaneous tracheos-
tomy by intensive care doctors. As a result of the studies examined in
this review, the general opinion is that early tracheostomy shortens the
length of ICU stay and decreases the duration of mechanical ventilation.
There is a need for more randomized controlled studies with broader
participation to evaluate the effects of tracheostomy on VAP and mor-
tality in intensive care patients.
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