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Abstract
Introduction: In this study, we aimed to share the characteristics, results and experiences of the patients who underwent tracheostomy in our tertiary pediatric intensive care unit and who were admitted to home monitoring program after discharge.
Methods: The medical records of patients who underwent tracheostomy at the Pediatric Intensive Care Unit of Medeniyet
University, Göztepe Training and Research Hospital between May 2015 and June 2019 and followed up at home monitoring
program after family education were retrospectively analyzed.
Results: A total of 47 patients 30 male (63.8%) and 17 female (36.2%) who met the criteria were included in the study. The
median age on the day of tracheostomy was 33 months (range, 2-205), length of stay in the intensive care unit was median
66 days (range, 15-174), and the median follow-up after discharge was 845 days (range, 60-1520). The most common cause
of tracheostomy was multiple trauma with 17 patients (36.2%). Seventeen (36.2%) of the patients were discharged with a
home mechanical ventilator, while 30 (63.8%) were discharged without a home mechanical ventilator. Female sex and home
discharge with home ventilator support adversely affected survival (p=0.01, p=0.019).
Discussion and Conclusion: Tracheostomy and home mechanical ventilation is a good option for reducing the burden
of chronic care patients in our country where the number of pediatric intensive care beds is limited. It is a cost-effective
method that can be implemented easily and safely by families with different social and cultural levels with good education.
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T

racheostomy is an important treatment method that
enables children who need chronic mechanical ventilator support to speed up children’s discharge to home
who can be cared for at home at an earlier stage. With the
introduction and development of home-type mechanical
ventilators (HMVs) about 30 years ago, positive improvements have been achieved in the care and survival of pediatric patients with complex problems [1]. In addition to
the increase in the number of children followed up at home
with tracheostomy and mechanical ventilator support, the

development of ventilator models and modes has also accelerated over time [2, 3].
The main indication for tracheostomy in the pediatric age
group is the need for chronic respiratory support. Another
common indication is upper airway obstruction, such as
laryngotracheal anomaly and subglottic stenosis [4, 5]. Advantages of opening a tracheostomy include better patient
comfort, reduced need for sedation, reduced respiratory
labor, faster separation from a mechanical ventilator, reduced risk of ventilator-associated pneumonia, reduced len-
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gth of stay in pediatric intensive care units, and improved
oral hygiene [5, 6].
When the publications related to tracheostomy application
in the pediatric age group are examined, there are different
approaches to the issues, such as timing, indication, applied technique, home care in opening tracheostomy [5, 6].
The prognosis of patients undergoing tracheostomy varies
with age, associated comorbidity factors, patient anatomy,
the experience level of the unit, the opening time of tracheostomy and the technique used [4, 6, 7]. The increase in
the number of patients monitored with home-type mechanical ventilator and tracheostomy support allowed us
to evaluate the long-term results after discharge from the
intensive care unit. Various studies have been conducted
on patients in the home monitoring program requiring
chronic respiratory support due to muscle or lung disease
and their long-term outcomes [8-10]. There are several studies showing that children connected to the chronic respiratory device can be managed successfully with a good
home monitoring program and follow-up method despite higher mortality rates in diseases with poor prognosis
[10, 11]. The aims of home monitoring of he children who
were followed up by tracheostomy were to extend their life
span, to prevent the occurrence of additional disease(s), to
accelerate the process of physical and psychological recovery, to optimize the quality of life of children and families
and to reduce costs [12].
In parallel with the increase in the number of patients in
the pediatric age group, especially in home mechanical
ventilation support, larger-scale analyzes and studies have
begun to be conducted. However, in Turkey, only a limited
number of studies have been performed with a limited
series of patients. In this study, clinical features, long-term
follow-up and factors affecting the prognosis of patients
discharged home with tracheostomy support from our pediatric intensive care unit were evaluated retrospectively.

Materials and Methods
In this study, patients between one month and 18 years
who underwent tracheostomy in Medeniyet University,
Göztepe Training and Research Hospital, Pediatric Intensive Care Unit between May 2015 and June 2019 were evaluated retrospectively. Medeniyet University Göztepe Training and Research Hospital Ethics Committee approval was
obtained (Decision No: 2019/0256) for this study. Age, sex,
tracheostomy opening day, number of intensive care hospitalization days, underlying disease (s), follow-up period
at home, HMV support status, parental education status,
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number of people living at home, the region of residence
and survival data were recorded. Patients who underwent
tracheostomy at the external center who died before being
discharged home after tracheostomy was opened and patients who could not be followed up after discharge were
excluded from this study.
Training for the family members who will provide home
care was provided by senior trained nurses in compliance
with the “Intensive Care of Child at Home, Family Care at
Home” training guide and form organized by our unit for
standardization of education. At least two family members
of each patient were included in the home care program.
In training forms competency of the participants was provided concerning the issues, including aspiration, replacement of the tracheostomy cannula, nutrition education
(oral/nasogastric/gastrostomy), approach to emergencies
(tracheostomy blockage or displacement, equipment failure, oxygen saturation decrease, heart rate weakening),
and use of home-type equipment (home-type mechanical
ventilator) device, oxygen concentrator, rechargeable aspirator, pulse oximeter).
The patients were transferred home by an ambulance, accompanied by a doctor. The phone numbers of the intensive care unit/physician were given in case the patients/
caregivers could get contact with if the patients might
encounter any problem at home. The discharged patients
were called for periodic controls according to the underlying disease and the patient's clinic.

Statistical Analysis
Statistical analysis of the data was performed by NCSS
(Number Cruncher Statistical System) 2007 Statistical
Software (Utah, USA). In addition to descriptive statistical
methods (frequency and percentage distributions, median, interquartile range), independent t-test was used for
comparison of pairs of normal distribution variables, MannWhitney U test for comparison of pairs without normal distribution, and chi-square test for comparison of qualitative
data were used. P<0.05 was considered statistically significant for all results.

Results
Between May 2015 and June 2019, 1642 patients were
admitted to the pediatric intensive care unit. 864 patients
(52.6%) were monitored by intubation and mechanical ventilator support. Of 864 patients, 55 (6.4%) underwent a tracheostomy. Six patients were excluded from this study after
discharge and two died before discharge. Thus, 47 patients
were included in the study. Thirty (63.8%) patients were
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male and 17 (36.2%) of them were female. The median age
of the patients at the time of opening of tracheostomy was
33 months (range, 2-205). Multiple trauma ranked first in
the distribution of the underlying diagnoses that required
tracheostomy (36.2%), followed by neuromuscular disease
was 23.4% (n=11), chronic lung disease 12.8% (n=6), congenital cardiopathy 12.8% (n=6), metabolic disease 6.4%
(n=3), hypoxic-ischemic encephalopathy 4.2% (n) 2) and
airway anomaly 4.2% (n=2) in decreasing order of frequency (Table 1)
The median time to the insertion of the tracheostomy tube
was 14 days (range, 5-55), and the median duration of ICU
stay was 66 days (range, 15-174). While 36.2% (n=17) of the
patients with tracheostomy were discharged home with
HMV support, and 63.8% (n=30) of them were followed up
without HMV support. The median follow-up period after
discharge was 845 days (range, 60-1520). The tracheostomies of 23.4% (n=11) of the patients who were included in
the home monitoring program with a tracheostomy were
closed (Table 1). The detailed distribution of the diagnoses of
the patients undergoing tracheostomy is shown in Table 2.
Table 1. Characteristic features of the patients included in the
study and distribution of their diagnoses
Variables

Values

Gender
Female, n, (%)
17 (36.2)
Male, n, (%)
30 (63.8)
Age at tracheostomy, median, (min-max), (mos)
33 (2-205)
Underlying disease n, (%)
Multiple trauma
17 (36.2)
Neuromuscular disease
11 (23.4)
Chronic lung disease
6 (12.8)
Conjenital cardiyomyopatihy
6 (12.8)
Metabolic disease
3 (6.4)
Hipoxic iscjhemic encephalopathy encephalopathy 2 (4.2)
Airway abnormality
2 (4.2)
Tracheostomy opening day, median, (min-max), (day) 14 (5-55)
Intensive care unit stay, median, (min-max), (day)
66 (15-174)
Type of discharge home, n, (%)
17 (36.2)
With home type mechanical
30 (63.8)
ventilator support, n, (%)
Without home type mechanical
845 (60-1520)
ventilator support, n, (%)
Follow-up period after discharge,
11 (-23.4)
median, (min-max), (day)
Closure of tracheostomy*, n, (%)
*: Tracheostomy closure procedures during follow-up period after
discharge.

Table 2. Detailed description of diagnoses of the patients in
whom tracheostomies were performed
Distribution of diseases, n, (%)

Diagnoses (n)

Multiple traumas,
Severe traumatic brain damage (16)
17 (36.2%)
Spinal injury (1)
Neuromuscular disease,
Central nervous system infection (3)
11 (23.4%)
Central nervous system tumor (2)
		
Cerebral palsy (2)
		
Hydroscephalus (1)
		
Polyneuropathy (1)
		
SSPE (1)
		
Transverse myelitis (1)
Chronic Lung disease
Bronchiolitis obliterans obliterans (3)
6 (12.8%)
Esophageal atresia (3)
Congenital cardiomyopathy
Hipoplastic left heart (3)
6 (12.8%)
VSD, pulmonary hypertension (1)
		
Endocardial cushion defect (1)
		
AVSD (1)
Metabolic disease
Undefined neurometabolic disease (2)
3 (%6.4)
Organic acidemia (1)
Hypoxic ischemic
Cardiac arrest (1)
encephalopathy, 2 (4.2%)
Foreign body aspiration (1)
Airway abnormality, 2 (%4.2)
Subglottic stenosis (2)
SSPE: Subacute sclerosing panencephalitis, VSD: Ventricular septal defect,
AVSD: Atrioventricular septal defect.

The relationship between gender, age, type of home discharge (HMV-supported/non-HMV-supported), underlying
disease, parental education level, the region of residence,
the number of individuals living at home, and their impacts
on survival was evaluated (Table 3). The mortality rate was
23.3% (n=4) in boys and 41.2% (n=7) in girls (p=0.01). The
median age was 37.5 months in the surviving cases and
27 months in the deceased cases. There was no significant
relationship between age and survival (p=0.213). Mortality
(33.3%, n=6) was significantly higher in patients who were
discharged with HMV support than patients who were discharged without HMV support (16.7%, n=5) (p=0.019). There was no significant relationship between the underlying
disease and survival (p=0.430).
There was no significant difference between parental education levels and survival (p=0.219, 0.093). Mortality was
25% (n=1) in rural areas and 23.2% (n=10) in the city center.
No significant difference was found between the region of
residence and mortality (p=0.211). Mortality was found to
be 25.0% (n=2) in the group with ≤ three individuals living
in the household, and 23.1% (n=9) in the group ≥ four individuals in the household without any significant correlation with survival (p=0.92) (Table 3).
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Table 3. The impact of characteristic features, and familial factors on survival
Variable

Survived (n=36)

Death (n=11)

Gender n, (%)
Male
26 (86.7)
4 (23.3)
Female
10 (58.8)
7 (41.2)
Age (year), median
37.5
27
Type of home discharge, n, (%)
With home type ventilator support
11 (64.7)
6 (33.3)
Without home type ventilator support
25 (83.3)
5 (16.7)
Underlying disease n, (%)			
Multiple traumas
16 (94.1)
1 (5.9)
Neuromuscular disease
8 (72.7)
3 (27.3)
Chronic lung disease
3 (50.0)
3 (50.0)
Congenital cardiomyopathy
4 (66.7)
2 (33.3)
Metabolic disease
3 (100)
0 (0)
Hipoxic ischemic encephalopathy
1 (50.0)
1 (50.0)
Airway abnormality
1 (50. 0)
1 (50.0)
Educational level of the mother, n(%)			
Primary
29 (72.5)
11 (27.5)
High school
6 (100)
0 (0.0)
University
1 (100)
0 (0.0)
Educational level of the father, n, (%)			
Primary
23 (52.3)
11 (47.7)
High school
11 (100)
0 (0.0)
University
2 (100)
0 (0.0)
The living place, n, (%)
Rural
3 (75.0)
1 (25.0)
City center
33 (76.8)
10 (23.2)
Number of household members			
≤3
6 (75.0)
2 (25.0)
≥4
30 (76.9)
9 (23.1)

Discussion
Mechanical ventilation at home plays an important role in
the treatment of patients with chronic respiratory failure
[13]. Parallel to the development of home care services, mechanical ventilation at home has become more applicable
over the years. In the UK, Wallis et al., [14] indicated in their
study that 36 patients had received mechanical ventilation
at home, it was reported that by 2008, this number reached
to 933. In a study conducted in a state in the United States,
the prevalence of HMV was 6/100.000, and when this ratio
was adapted to the whole country, it was estimated that
4.100 children were followed up with a home mechanical
ventilation system. In our country, the first study of HMV in
the pediatric age group was performed by Öktem et al. [15]
in a series of 34 patients.
Neuromuscular diseases, traumatic brain injury, including
spinal cord trauma, craniofacial congenital anomalies and

p
0.01
0.213
0.019
0.430

0.219

0.093

0.211
0.92

chronic lung diseases are among the main indications of
chronic respiratory support in the pediatric age group [13,
16]. In the study of Pekcan et al., it was reported that neuromuscular diseases constituted 59.3% of tracheostomy
patients followed with mechanical ventilator support at
home. In our series, multiple trauma patients (36.2%) and
neuromuscular diseases (23.4%) took the first two places.
Since we are a multidisciplinary hospital and our unit is a
tertiary intensive care unit, trauma patients are frequently
treated in our hospital and constitute an important part of
the inpatient population.
There are several studies on the timing of elective tracheostomy opening and related factors in pediatric patients
[17, 18]. Shorter incubation times as 13 days (range, 0-148)
before tracheostomy were published in a study performed
in the USA [17]. In our study, a similar result was obtained
in terms of the opening time of tracheostomy (median: 14
days). In our study, the median length of stay in the inten-
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sive care unit was 66 days (range, 15-174). In another study
longer length of stay in ICU (median: 32 days, range: 1-122
days) was reported [19].
The duration of hospitalization is prolonged due to improper home conditions, difficulties in both obtaining appropriate equipment, and also in the standardization of family
education, and an inadequate number of nurses trained
in chronic ventilation [20]. According to our experience, we
have had long hospitalizations due to difficulties in family
education and difficulties and delays in the provision of appropriate equipment for home care.
Children with mechanical ventilator support at home may
be separated from respiratory support, or their tracheostomies may be closed due to the improvement in underlying diseases, such as chronic lung disease, bronchopulmonary dysplasia, and accompanying aggravating factors.
Tracheostomy closure rates vary between 17% and 78% in
the literature. This wide range is due to the diversity of underlying indications and differences in medical problems
associated with the patient [18, 21, 22]. In a study by Kamil et
al. [19] from Turkey tracheostomy was closed in 8 (12.6%) of
63 patients who underwent tracheostomy.
In our study, tracheostomy was closed in 11 cases (23.4%)
after discharge. Cases who had closed tracheostomy before
discharge were not included in our study. In the follow-up
of the patients discharged with HMV, tracheostomy closure
was found to be significantly lower than the group without
support (p=0.011). It has been reported that the long-term
prognosis of patients undergoing HMV is closely related
to the underlying disease. There are studies reporting that
mortality rates in chronic neurological diseases are higher
than other disease groups [13, 23]. In their study, Kamit et
al. [19] have shown that the underlying disease and age do
not affect mortality. In our study, no relationship was found
between the underlying disease, age and mortality.
Although there was a significant relationship between
female gender and mortality in our study, it should be
remembered that our evaluation was based on a limited
number of cases. In our study, it was shown that the presence of HMV support during discharge had a negative effect on mortality (p=0.019). In this study, the relationship
between family and social and cultural factors on mortality
was also investigated. The education level of the parents,
the rural-urban area of the region of residence, the number
of individuals living at home had no effect on survival. Pekcan et al. from Turkey showed that the same factors were
not effective on survival.

Conclusion
Mechanical ventilation at home is a good option for alleviating the burden of chronic care patients in our country,
Turkey, where the number of pediatric intensive care beds
is limited. Early tracheostomy is thought to allow the patient to be separated from mechanical ventilator support
and discharged from the pediatric intensive care unit at
an earlier stage. Apart from the factors associated with the
patient, difficulties in obtaining appropriate equipment,
deficiencies in educational health personnel, inadequacy
in home care services, difficulties in family education, and
barriers to patient discharge are the main obstacles to scheduling patient discharge. Despite all these deficiencies,
there has been a significant increase in the number of
tracheostomy patients at home in recent years. Our study
showed that pediatric patients with a tracheostomy with
or without HMV could be followed up safely and successfully at home. It is a cost-effective method that can be
implemented easily and safely by families with different
socio-cultural levels with good education.
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