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Abstract

Objective: After congenital heart surgery, some patients may need long-term mechanical ven-
tilation because of chronic respiratory failure. In this study, we analysed outcomes of the
patients who need tracheostomy and home mechanical ventilation. Methods: Amongst 1343
patients who underwent congenital heart surgery between January, 2014 and June, 2018, 45
needed tracheostomy and HMV. The median age of these patients was 6.4 months
(12 days–6.5 years). Nineteen patients underwent palliation while 26 patients underwent total
repair. Post-operative diaphragm plication was performed in five patients (11%). Median dura-
tion ofmechanical ventilation before tracheostomywas 32 days (8–154 days). The patients were
followed up with their home ventilators in ward and at home. Mean follow-up time was
36.24 ± 11.61 months. Results: The median duration of ICU stay after tracheostomy was 27
days (range 2–93 days). Follow-up time in ward was median 30 days (2–156 days). A total
of 12 patients (26.6%) were separated from the ventilator and underwent decannulation during
hospital stay. Thirty-two patients (71.1%) were discharged home with home ventilator support.
Of them, 15 patients (46.9%) were separated from the respiratory support in median of 6 weeks
(1 week–11 months) and decannulations were performed. Total mortality was 31.1%. in which
four patients are still HMV dependent. There was no significant difference for decannulation
between total repair and palliation patients. Conclusion: HMV via tracheostomy is a useful
option for the treatment of children who are dependent on long-term ventilation after congeni-
tal heart surgery although there are potential risks.

Complex congenital cardiac anomalies may require long-lasting operations and multiple or
staged repairs. Some patients may need a long duration of mechanical ventilation and ICU
stay1,2. Immature lungs, congenital anomalies of pulmonary arteries and veins, aortopulmonary
collaterals, pulmonary hypertension, genetic anomalies, failure to thrive, immune deficiencies,
and repeated pulmonary infections may cause the patients to be more prone to post-operative
respiratory complications. In addition to these, some post-operative complications like low car-
diac output syndrome, prolonged mechanical circulatory support, pulmonary oedema, neuro-
logical disorders, hospital infections, diaphragm, or vocal cord paralysismay increase the risk for
a long duration of mechanical ventilatory support1-3. Over the last decade, tracheostomy, which
facilitates patient care, ambulation, oral feeding, rehabilitation, and weaning from the ventilator
has been increasingly performed in children with prolonged mechanical ventilation, whereas
there is little consensus about the indications and the right timing of it in children3,4. Some
patients with a tracheostomy may be suitable to be discharged home with the aid of home-type
mechanical ventilators. Advantages of HMV include decreased hospital-acquired infections,
increased mobility, improved nutrition, and low healthcare costs5. However, safety of HMV
especially out of the hospital is usually questioned by both doctors and parents. Children with
HMV continue to have an increased risk of death after hospital discharge. Some reports suggest
that patients with single-ventricle physiology or greater RACHS-1 scores have higher mortality
rates or less success in weaning from HMV6,7.

The aim of this study is to analyse the outcomes of patients who underwent congenital heart
surgery and were followed up with tracheostomy and HMV.

Materials and methods

A total of 1343 congenital heart operations were performed between January, 2014 and June,
2018 in our hospital and 72 (5.3%) patients needed tracheostomy post-operatively. Amongst
these patients, 45 were followed up with a home ventilator after tracheostomy and they were

https://doi.org/10.1017/S1047951121001657 Published online by Cambridge University Press

https://www.cambridge.org/cty
https://doi.org/10.1017/S1047951121001657
mailto:bahartemur@hotmail.com
https://orcid.org/0000-0002-0070-4476
https://orcid.org/0000-0002-0664-2878
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1047951121001657&domain=pdf
https://doi.org/10.1017/S1047951121001657


reviewed in this retrospective study. Eleven of them had single-
ventricle physiology while 34 had biventricular physiology. This
study was approved by the local ethics committee.

A standard set of perioperative data were collected retrospec-
tively for all patients. Medical records of demographic features,
cardiac diagnosis, congenital heart procedures, and comorbidities
were recorded.

The operation for CHD before tracheostomy placement during
hospitalisation was used as an index operation. Index operations
are shown in Table 1. The patients were divided into two groups
according to the procedures performed: palliation or total repair.
We inscribed the data for post-operative complications like
delayed sternum closure, renal failure, other organ failure, and
the need for ECMO support. Bronchoscopy was performed by
oto-rhino-laryngologist if there was a suspicion of airway compres-
sion, mucus clog, or bleeding.

Intubation timewas defined as the time from intubation for car-
diac surgery to the time of tracheostomy tube placement. Median
duration of pretracheostomy ventilation was 32 days (8–154 days).
HMV was planned in these patients because all of them required
prolonged respiratory support.

HMV adaptation was started in ICU in patients who were hae-
modynamically stable without serious infection and with adequate
enteral nutrition. Compliant patients to HMV were transferred to
the wardwith accompanying familymembers. Continuous electro-
cardiography and oxygen saturation (SpO2) monitoring were
done. Necessary training were given verbally and in written forms
to the familymembers who stayed with the patient during the ward

period. The families do hands-on education. They were informed
about home ventilators, wearing sterile gloves, suctioning, daily
tracheostomy care, skin hygiene, and care, oral care, feeding with
nasogastric tube, hand washing, positioning, and changing the tra-
cheostomy tube. If patients were still dependent on tracheostomy,
when discharged, the caregivers were given information about tra-
cheal aspiration, bath, and body care, tracheostomy care, observing
signs of infection, and protection from it by preventing pressure
injuries, preparation of medicines that will be used at home, con-
ditions to consult to a doctor, effective use of medical equipments,
home ventilator, pulse oximeter, oxygen concentrator use, fever
monitoring, and respiratory physiotherapy. Mean follow-up time
was 36.24 ± 11.61 months.

Statistical analyses were performed with the SPSS version 19.0
for Windows (SPSS, Chicago, IL, USA). Data are presented as
mean ± SD or median (range) where appropriate and p< 0.05
was taken as significant. Group data were compared by using t-
tests analysis of variance, and log-rank tests as appropriate.
Pearson χ2 test was used for categorical variables. Kaplan–Meier
survival curves were created to compare time-to-event rates.

Results

Themedian age of the patients was 6.4 months (12 days–6.5 years).
Eighteen (40%) of them were female. A total of eight patients
(17.7%) had genetic syndromes (Down syndrome, n= 5) and
Digeorge syndrome, n= 3) and three patients were born preterm.
Delayed sternal closure was used for 10 patients with unstable hae-
modynamics or post-operative bleeding. Re-exploration for bleed-
ing was performed in two patients. Low cardiac output occurred in
eight patients (17.8%) and seven of them needed ECMO support.
All of these patients were weaned fromECMO and 6 of them (86%)
were able to be discharged from the hospital, the other one died
during hospital stay. Renal replacement therapy with hemodiafil-
tration and/or periton dialysis was done in 15 (33.3%) patients.
Chylothorax was developed in six patients with single-ventricle
anatomy (13.3%) and thoracic duct ligation was performed in half
of them. Permanent pacemaker was implanted in two patients
(4.4%) after open-heart surgery. Post-operative diaphragm plica-
tion (before tracheostomy) was performed in five patients (11%)
due to diaphragm paralysis. Four (80%) of these children were
weaned from HMV. All patients in this study needed prolonged
mechanical ventilation and/or multiple extubation failures.
Amongst these, 15 patients (33.3%) were unable to wean from ven-
tilation due to chronic lung disease. Fourteen of them (31.1%) had
pneumonia and six patients (13.3%) had pulmonary hypertension.
Severe cerebrovascular event was seen in 2 (4.5%) patients post-
operatively.

The median duration of ICU stay after tracheostomy was 27
days (range 2–93 days).

Haemodynamically stable patients who were compatible with
home ventilators were taken to the ward. Follow-up time in ward
was median 30 days (2–156 days). Fourteen patients (31.1%) were
readmitted to ICU and one of them died due to multiorgan failure.
A total of 12 patients (26.6%) weaned off of home ventilator and
underwent decannulation during the initial hospital stay.

Thirty-two patients (71.1%) were discharged home with home
ventilator support (Fig 1). Thirteen of them (40.6%) were trans-
ferred out of the city by ambulance. All patients with HMV were
called by our nurse routinely after discharge to see if there was any
problem. Also in case of hospitalisation need, patients were
interned again in our ward or ICU. In 15 patients (46.9%)

Table 1. Index operations of the patients

Index operation
Number of
patients

RACHS-1
SCORE

Arterial switch ± VSD repair ± arcus
aorta repair

6 3–4

Pulmonary banding ± atrial septec-
tomy

5 3–6

VSD ± mitral repair 4 2–3

Norwood þ Glenn 4 6

Rastelli 3 4

Glenn 3 2

Arcus aorta repair and VSD closure 3 4

AVSD 3 3

Aortopulmonary shunt 3 3

Unifocalisation and shunt 3 4

Unifocalisation and RV-PA conduit
replacement

2 4

Aortic interruption repair and VSD
closure

1 4

TAPVD 1 4

Truncus arteriosus repair 1 4

Norwood 1 6

Total correction for TOF 1 3

Tricuspid valve repair 1 3

AVSD = Atrioventicular septal defect; PA = Pulmonary artery; RV = Right ventricle;
TAPVD = Total pulmonary venous return anomaly; TOF = Tetralogy of Fallot;
VSD = Ventricular septal defect.
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decannulation was performed in median of 6 weeks (1 week–11
months). Thirteen patients died during follow-up. Total mortality
was 31.1% (14 patients). Six patients died after rehospitalisation.
Seven patients died at home mostly due to their chronic diseases.
The other four patients were still HMV dependent at home at the
end of the follow-up. Table 2 categorises the cohort by corrective
and palliative operations with respect to survival and weaning sta-
tus. Mean follow-up for patients with the total repair was
2.77 ± 1.53 years. Mean follow-up for patients with palliation
was 2.30 ± 1.6 years. There was no statistically significant differ-
ence between these two subgroups about decannulation and mor-
tality (p= 0.39; p= 0.48, respectively). The log-rank test was used
to assess the significance, and the survival of the patients with time
was lower in those that had palliative surgery, but this did not reach
statistical significance (Fig 2).

We also analysed the outcomes of the patients according to
RACHS-1 scores. Twenty-five patients had greater RACHS-1
scores (>3). There was no statistically significant difference for
decannulation between patients with RACHS-1 scores> 3 and
patients with RACHS-1 scores ≤3 (p= 0.54). For children with
single-ventricle physiology (n=11, 24.4%), mortality incidence
was 18.2% and seven of themwere decannulated. Three single-ven-
tricle patients in our cohort have completed three-stage palliation
of the Fontan procedure after weaned from HMV. Mortality in the
biventricular group was 32.4%.

Discussion

Although survival rates of CHD improved a lot in time, some chil-
dren with complex cardiac anomalies may still need multiple oper-
ations or staged procedures. Infants with CHD are likely to have
chronic lung disease, so they may require prolonged respiratory
support after heart surgery. Prolonged intubation compromises
patient comfort, feeding, and mobility8. Preoperative diagnosis
and the complexity of the operation, underlying pulmonary dis-
ease, residual cardiac lesions, tracheobronchomalacia resulting
from chronic airway compression from cardiac structures, dia-
phragm, or vocal cord paresis/paralysis, lung disease due to preop-
erative or post-operative courses are shown to be risk factors for
tracheostomy need after cardiac surgery4,8,9. Also, younger age,
prematurity, prolonged cardiopulmonary bypass time during car-
diac reoperations, and early sepsis are found to be other risk fac-
tors4,8,9. Berry and colleagues10 demonstrated an increased risk of
in-hospital mortality following tracheostomy in children with
CHD. Rosner et al.11 mentioned that prior cardiac surgery is inde-
pendently associated with decreased survival after tracheostomy.
Hoskote et al8 reported an overall survival rate of 60.5% for patients
with tracheostomy after cardiac surgery. Hospital survival is worse

in infants with complex lesions and single ventricle6,12. Our cohort
of 45 children with CHD on HMV is a heterogeneous group with
various cardiac lesions. Edwards et al informed that HMVprovides
only a limited long time survival in children in higher RACHS cat-
egories or with single-ventricle anatomy7. Our cohort of 45 chil-
dren with CHD on HMV is a heterogeneous group with various
cardiac lesions. In our study 11 (24.4%) patients had single-
ventricle pathology and 7 of them were decannulated. Mortality
of these patients was 18.2%. Mortality in the biventricular pathol-
ogy group was 32.4%. We assume that this result is due to the high
number of complex cardiac diseases and underlying pulmonary
disease in the biventricular group. Twenty-six patients underwent
total repair for their CHD while 19 of them underwent palliative
operations. There was no statistically significant difference
between these two subgroups about decannulation and mortality
although the survival with time was lower in those that had pallia-
tion. Also, in this study, 20 patients had RACHS-1 scores ≤3 and 25
patients had RACHS-1 scores> 3. There wasn’t any significant
difference for decannulation between these subgroups (p = 0.54).

The decision of tracheostomy is a multidisciplinary approach
involving cardiovascular surgeon, cardiac ICU, and oto-rhino-
laryngologist. In patients who are not able to wean from ventilation
and who fail extubation recurrently, reasons like phrenic nerve
injury, residual cardiac lesions, and tracheobronchomalacia should
be excluded before deciding tracheostomy. In our institute, bron-
choscopy was performed by ORL if there was a suspicion of airway
compression or mucus clog, thorax CTwas done to patients in case
of a serious infection or a suspicion of compression to the venti-
latory tract. Flouroscopy was performed for phrenic nerve injury,
and we performed post-operative diaphragm plication in five
patients before tracheostomy. Eighty per cent of these patients
(four patients) had decannulation. LoTempio et al13 mentioned
that they performed plication up to 40% of their CHD patients.
All of the infants and children in our cohort underwent open sur-
gical tracheostomy. Concerning the risk of respiratory tract infec-
tion, accidental extubation, vocal cord dysfunction, subglottic
stenosis during orotracheal intubation, tracheostomy is a good
and reasonable alternative. Easy inhalation, safe airway control,
easy separation from mechanical ventilation, rapid weaning from
sedation, and patient mobilisation are amongst the benefits of tra-
cheostomy14. However, there are some disadvantages like cannula
obstruction, accidental decannulation, acute haemorrhage, local
infection, and pneumothorax15,16. We haven’t seen any complica-
tions like mediastinitis, serious local infection at the site of the tra-
cheostomy in our patients. We must balance between the risks and
benefits of tracheostomy and decide the optimal timing.

Transfer from the ICU to the paediatric cardiovascular service
occurs when patients are haemodynamically stable on consistent
ventilator support with a home ventilator. When the patient is
medically stable with a home ventilator, he is discharged home17.
Optimising quality of life, rehabilitation, and growth and develop-
ment are the main goals of home mechanical ventilation in chil-
dren18. There is an overwhelming stress in the air for the
caregivers during discharge time as they take charge. Srinivasan
et al5 demonstrated that in 150 patients requiring HMV, ventilator
failure occurred relatively infrequently, and there were no adverse
outcomes as a result of equipment failure at home in their study.
They speculate that equipment failure is not a frequent or serious
problem for ventilator-assisted patients treated at home. Also, this
study showed improper equipment care, damage, or tampering by
caregivers being responsible for 13% of reported ventilator failures,
and 30% of failures being due to functional equipment being used

Figure 1. Results of the patients who were discharged home with HMV. The other 12
patients (26.6%) were weaned off HMV and underwent decannulation during the hos-
pital stay. And one patient died during the hospital stay. EX = Exitus; HMV = Home
mechanical ventilation.
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incorrectly by caregivers. This emphasises the importance of
patient teaching prior to initial discharge from the hospital to
home. In our institute, the caregivers were given all kind of infor-
mation about home ventilators, and we believe that these informa-
tion and hands-on training are very important for upcoming
conditions that can happen at home. Sufficient parental skills
and a good domestic environment are required for a safe HMV
period. In our study, seven patients had respiratory arrest at home
and died. Edwards et al19 found out that the most common
obstacles to discharge a child home on tracheostomy-dependent
ventilation were funding for staffing and equipment, and local
organisational delays, which both occurred in 41% of their cases.
In 33% of their cases, the families’ housing was unsuitable or
needed major alterations. In our report, 32 patients (71.1%) were
discharged home with home ventilator support. Thirteen of them
(40.6%) were transferred out of the city by ambulance. In our
study, total mortality is 31.1%. Properly selected patients can be
safely ventilated at home with HMV.

Our study has some notable limitations. Principally, it is a retro-
spective study of one single centre in a group of patients with hetero-
geneous cardiac lesions and co-morbidities. This study was not
designed to identify predictors of patients requiring tracheostomy
after congenital heart surgery, but it can suggest that underlying
chronic lung disease, residual heart defects, and hospital infections
may be the main risk factors for tracheostomy. Multicentre analyses
may help to adjust co-morbidities like preoperative respiratory
insufficiency, diaphragmatic paralysis, serious neurological prob-
lems, and associated chromosomal abnormalities.

Conclusion

HMV via tracheostomy can be used in the treatment of chronic
respiratory failure after congenital heart surgery. By reducing
the hospitalisation period, care can bemaintained at home and this
can be beneficial to the majority of patients both physically and
mentally although there are potential risks.

Figure 2. Kaplan–Meier graphic for survival after total correction and palliation surgeries. Estimated survival time for palliation is 3495 ± 0.535 years. Estimated survival time for
total repair is 4073 ± 0.386 years. The overall estimated survival time was 3833 ± 0.321 years.

Table 2. Children with CHD on home mechanical ventilation by operation status (total repair and palliation operations)

Total repair (26) Palliation (19) p-value

Gender female % 12 (46) 6 (31) 0.33

Age (median) (months) 5.75 (0.5–81.5) 6.5 (1.5–22) 0.68

Tracheostomy after heart surgery (median)(days) 24.5 (8–182) 23 (13–70) 0.6

ICU stay after tracheostomy (median) (days) 32.5 (2–93) 29 (9–67) 0.66

Hospital stay after tracheostomy (median) (days) 53 (14–148) 64 (21–215) 0.31

Decannulation % 17 (65) 10 (53) 0.39

Mortality % 7 (27) 7 (37) 0.48

ICU = Intensive care unit.
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