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For many decades, the primary treatment of acute respiratory failure has 
been mechanical ventilation. Intubation and mechanical ventilation carry 
complications such as upper respiratory system trauma, barotrauma, volutrauma, 
oxytrauma, atelectrauma, and nosocomial infection, and they increase mortality. 
Noninvasive mechanical ventilation (NIMV) applied to a specially selected 
group of patients has more advantages than invasive ventilation, especially the 
decreased number of complications. We present a three-year-old girl who had 
prolonged invasive mechanical ventilation (IMV) and weaning failure due to 
severe tracheal bleeding after Fontan operation. She could not be extubated 
for 20 days after admission to our Pediatric Intensive Care Unit (PICU) 
because of life-threatening airway bleedings from within the endotracheal 
tube. Owing to the severe bleedings during endotracheal aspirations, it was 
decided to change her mechanical ventilation to NIMV. NIMV was performed 
successfully for 12 days without difficulty, and she was discharged from 
the hospital on the 55th postoperative day with normal clinical findings. 
Noninvasive ventilation has an increasing use in critically ill children. NIMV 
should be considered in prolonged mechanical ventilation and weaning failure 
from IMV in critically ill children. 
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Noninvasive mechanical ventilation (NIMV) 
has primarily been applied in patients with 
acute exacerbations of chronic obstructive 
pulmonary disease, cardiogenic pulmonary 
edema and hypoxemic respiratory failure1-4. 
In recent years, NIMV has also been used to 
prevent the occurrence of acute respiratory 
failure after surgery (prophylactic use) or to 
treat acute respiratory failure (therapeutic 
use)5,6. NIMV facilitates early extubation and 
improves the outcome in selected patients 
with an exacerbation of chronic obstructive 
pulmonary disease and weaning failure7. NIMV 
use in critically ill children has increased 
recently especially in pediatric intensive care 
units (PICUs). Pediatric intensivists use it for 

prevention of intubation, extubation failure 
and reintubation. 

We present herein a three-year-old girl with 
prolonged MV and persistent weaning failure 
due to bleeding diathesis in the trachea 
after Fontan operation. She was successfully 
ventilated by NIMV.

Case Report

A three-year-old girl was admitted to our 
PICU after Fontan procedure. According 
to her medical records, pulmonary atresia, 
intact interventricular septum, right ventricle-
dependent coronary circulation, hypoplastic 
right ventricle, and tricuspid hypoplasia were 
diagnosed by echocardiography for postnatal 
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cyanosis on the first day of life. A modified 
Blalock-Taussig shunt was performed on the 
postnatal 9th day, which was followed by Glenn 
operation at the age of 18 months.

When she was three years old, Fontan operation 
was performed as the third operation. The 
cross-clamp and bypass times were 100 and 
120 minutes during the operation, respectively. 
Intraoperative bleeding was a challenge and 
was controlled with difficulty. Postoperatively, 
the patient received supportive high-dose 
inotropic agents such as adrenalin, dopamine 
and milrinone inotrope in the PICU.

The postoperative laboratory results revealed 
normal complete blood count, biochemical 
parameters and acute phase reactants. 
Prothrombin time was 14.9 seconds (Normal: 
9.4–12.5 seconds), whereas activated partial 
thromboplastin time was 33 seconds (Normal: 
25.1–36.5 seconds). International normalized 
ratio was recorded as 1.13.

The patient received only milrinone, for which 
the need decreased on the 3rd day of PICU 
admission. Arterial blood gases and chest 
X-ray were normal on the follow-up, and she 
was extubated. The patient showed increased 
respiratory distress two days after extubation, 
which was demonstrated with hypoxia and 
hypotension. She had to be reintubated due 
to respiratory and cardiovascular system 
deterioration. Her hemodynamics did not 
improve during the follow-up, and her liver 
enlarged to 8 cm from the subcostal line. Her 
liver function tests revealed high levels for total 

bilirubin (4 mg/dl), aspartate aminotransferase 
(1300 U/L) and alanine aminotransferase (1100 
U/L) due to congestion. A graft thrombosis was 
suspected and heparin infusion was started. 
One day later, massive pulmonary bleeding 
occurred. There were bilateral consolidations 
in the lungs due to pulmonary hemorrhage 
and edema (Fig. 1). Her heparin was stopped 
immediately and protamine sulphate was 
administered. Platelet suspension and fresh 
frozen plasma support was given. Elevated 
liver enzymes returned to normal values after 
nine days. Although spontaneous bleeding 
stopped, post-aspiration bleedings continued. 
The detailed examinations of bleeding diathesis 
revealed prolonged in-vitro bleeding time using 
the collagen-adenosine diphosphate - platelet 
function assay-100 (Col-ADP - PFA-100) as 
160 seconds (Normal range: 68–121) and 
low factor VII level (10.8%, Normal range: 
50-129%). The patient was monitored in MV 
throughout the follow-up, which lasted 20 days. 
We observed life-threatening bleedings during 
endotracheal aspirations. The patient could not 
be extubated. Bronchoscopy was performed, 
which demonstrated widespread hyperemia, 
loss of mucosa, numerous bleeding sources, and 
mucosal bleedings throughout the airways. Due 
to the patient’s bleeding diathesis, iatrogenic 

Fig. 1. Chest X-ray taken after the patient’s massive 
pulmonary hemorrhage.

Fig. 2. Patient’s bronchoscopy revealed fragility and 
mucosal bleedings in the trachea and main bronchus.
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bleeding or necrotizing tracheobronchiolitis 
was suspected. Argon was applied to control 
the severe bleeding (Fig. 2).

She was aspirated with low-pressured 
endotracheal aspirations due to the life-
threatening airway bleedings under IMV. 
We planned to attempt NIMV to prevent 
endotracheal aspirations and any related 
mortality. The patient was extubated two days 
later and noninvasive bilevel positive airway 
pressure (BiPAP) mode respiratory support 
was provided.

Noninvasive mechanical ventilation (NIMV) 
support was performed with the BiPAP S/T 
(Spontaneous/Time) mode. Initial BiPAP settings 
were as follows: IPAP (inspiratory peak airway 
pressure) 14 cmH2O and EPAP (expiratory peak 
airway pressure) 7 cmH2O. However, in order 
to provide efficient ventilation to the patient, 
IPAP was increased to 25 cmH2O and EPAP was 
increased to 10 cmH2O. The patient’s oxygen 
saturation showed above 92%. Blood gases 
were in normal ranges during the follow-up, 
and there was no atelectasis or infiltration in 
the chest radiography. No bleeding developed 
at that moment. NIMV support was sustained 
for 12 days, and the patient improved daily 
with this support. The patient did not require 
any reintubation on the follow-up.

The patient’s chest radiography was normal 
after noninvasive ventilation (Fig. 3). The 
patient was discharged from the PICU on the 
35th day of admission. She was discharged from 
the children’s hospital on the 55th postoperative 
day with normal clinical findings.

Discussion

For many decades, the primary treatment 
of acute respiratory failure has been MV 
support using endotracheal intubation. MV and 
endotracheal intubation carry complications such 
as upper respiratory system trauma, barotrauma, 
volutrauma, oxytrauma, atelectrauma, and 
nosocomial infections. Correspondingly, NIMV 
is more comfortable, offers mobility, decreases 
MV complications, and permits oral feeding8. 
At first, our patient was followed under IMV, 
but life-threatening airway bleedings occurred. 
NIMV was thus considered, and resulted 
in successful ventilation without any life-
threatening bleeding. 

Noninvasive mechanical ventilation (NIMV) 
has also been used to prevent the occurrence 
of acute respiratory failure after surgery 
(prophylactic use) or to treat acute respiratory 
failure (therapeutic use)5,6. NIMV facilitates 
early extubation and improves the outcome 
of selected patients with an exacerbation of 
chronic obstructive pulmonary disease and 
weaning failure7. Epstein et al.9 showed that 
NIMV was effective in preventing the occurrence 
of post-extubation failure in patients at risk. 
Our patient had high-risk post-extubation 
failure, but with the support of the NIMV, 
reintubation was avoided.

Noninvasive mechanical ventilation (NIMV) 
refers to techniques allowing respiratory 
support without the need for an invasive 
airway management. Two types of NIMV 
are commonly used: noninvasive continuous 
positive airway pressure (CPAP) and BiPAP. 
This pressure-targeted type of NIMV gives 
respiratory support at two levels: the IPAP and 
EPAP10. We applied BiPAP mode as NIMV with 
high IPAP and EPAP levels because the patient 
was developing atelectasis when we reduced 
the PAP. The patient received noninvasive 
respiratory support for 12 days and improved 
daily. Our patient had good compliance and 
no complication under high-pressure NIMV. 

Postoperative pulmonary complications 
(PPCs) in congenital heart disease surgery are 
generally defined as any pulmonary abnormality 
occurring in the postoperative period. PPCs can 
include atelectasis, postoperative pneumonia, 
pulmonary edema, and acute respiratory 
failure11. They may increase hospital length of 
stay, morbidity and mortality12. In the presented 

Fig. 3. Chest X-ray after extubation and eight days of 
noninvasive ventilation.
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patient, there was intraoperative difficulty in 
controlling bleeding from surgical areas. She 
had a tendency to mucosal bleeding, especially 
in the trachea, because of her prolonged cross-
clamp and bypass times, and then severe 
damage developed in the airways. After cardiac 
surgery, the patient needed prolonged IMV (for 
20 days), and life-threatening airway bleeding 
and severe hemodynamic instability developed. 

Early extubation of patients after surgical 
attempts in congenital heart disease is 
very important. Since the right ventricle is 
non-functional after the Fontan procedure, 
pulmonary blood flow, and therefore, right heart 
volume, depend on passive and non-pulsatile 
systemic venous pressure. Positive-pressure MV 
reduces systemic and pulmonary venous blood 
flow to the lung. Controlled hypoventilation 
and mild hypercapnia increase cavopulmonary 
blood flow during MV of these patients13. 
Our patient was extubated three days after 
her admission to the PICU. However, upon 
an increase in respiratory distress and the 
development of hypoxia and hypotension, she 
had to be reintubated within two days. 

In conclusion, NIMV shows an increasing use 
in critically ill children in PICUs. NIMV can 
be considered in prolonged MV and weaning 
failure from IMV. In our patient, we found 
NIMV to be lifesaving. NIMV should be used 
more in PICUs in selected cases, especially 
in children.
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