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Introduction:
Trisomy 21 (Down syndrome) is caused by an extra copy of chro-
mosome 21. In most cases, this is caused by a random abnormal 
division of the genes during egg or sperm development and is 
therefore not an inherited condition.
People with trisomy 21 typically have an intellectual disability, 
characteristic facial features (such as wide-set eyes), and weak 
muscle tone in infancy. Trisomy 21 is associated with a high risk 
of co-morbidities. These can include, heart disease, gastrointesti-
nal abnormalities, growth problems, eye problems, hearing loss, 
hematologic disorders, immune deficiency, endocrine disorders, 
reproductive disorders, atlantoaxial instability, sleep apnoea, skin 
disorders, and behaviour disorders. The prevalence of sleep ap-
noea alone or sleep apnoea and hypoventilation (sleep disordered 
breathing) in children with Trisomy 21 is as high as 50%. Some 
will undergo adenotonsillectomy and despite this intervention re-
sidual symptoms can remain. Reported signs of sleep disordered 
breathing may include snoring, laboured breathing, gasping and 
choking or witnessed apnoea. Symptoms may include poor sleep 
quality, morning headaches, daytime sleepiness or hyperactivity or 
poor morning appetite. A sleep study should be performed in indi-
viduals who have signs and symptoms identified. However, despite 
best practice some will present with decompensated hypercapnic 
respiratory failure in the emergency department. With improve-
ments in medical care and individualised treatments tailored to the 
individual, life expectancy can be into their 60’s. 

Case Description: 
Jade is a twenty-eight-year-old female with Trisomy 21 and learning 
difficulties, with a history of severe obstructive sleep apnoea (OSA) 
and oxygen sensitivity was admitted for an assessment for the re-
quirement of non-invasive ventilation (NIV) and potential initiation.
Jade was referred as she had a series of recent hospital admis-
sions with decompensated type 2 respiratory failure (arte-
rial blood gases on room air: pH 7.33, PaCO2 9.5 kPa, PaO2 6.3 
kPa, HCO3- 31.7mmol/L). Jade’s mother reported that she has 
excessive daytime somnolence and is often found napping in 

the day. She also noticed that Jade’s nose and lips occasional-
ly turned blue and this had notably worsened in the last few 
months post SARS-CoV-2 infection. Post SARS-CoV-2 infection, 
Jade became significantly more breathless, especially on exercise. 

Past Medical History:
1. Surgical correction of AVSD 1993, residual mild mitral valve re-
gurgitation, and mildly reduced biventricular dysfunction (ejection 
fraction 45-50%) and dual chamber pacemaker.
2. Hearing impairment and uses hearing aids. 
3. Prior history of psychotic depression and seizures. 
4. Hiatus hernia 
5. BMI of 31.5 kg/m2.

Clinical assessment on arrival to the sleep laboratory:
A capillary earlobe blood gas was performed on room air and 
showed Jade to be hypercapnic and with a low blood oxygen level 
(pH 7.46, PaCO2 7.4 kPa, PaO2 5.9 kPa, BE 13.5 mmol/L, HCO3- 35.1 
mmol/L)- Based on these results, face mask NIV was initiated with 
the aim of using it overnight. There were initial concerns around 
the tolerance of NIV as Jade might not fully understand the rationale 
behind the NIV treatment due to her learning difficulties. However, 
our team developed a strategy to overcome this including lots of 
encouragement, practice and support from mum.
Due to Jade’s history of cardiac problems, the PaO2 was targeted to 
be greater than 8 kPa for at least 16 hours per day. This meant that 
she also required oxygen therapy when not using NIV during the 
day, both for ambulation and at rest. 

Jade initially struggled to tolerate NIV as a high inspiratory positive 
airway pressure (IPAP) was required to achieve optimal chest wall 
movement. The high IPAP caused bloating of the stomach. After 
compliant NIV usage with 1L of oxygen entrained the repeat ear-
lobe blood gas measurements were improved; pH 7.52, PaCO2 
6.0 kPa, PaO2 9.9, BE 12.3 mmol/L, HCO3- 34.5 mmol/L and SpO2 
96.1%. 
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Case Challenges:
Jade required continued oxygen therapy but retained carbon 
dioxide after receiving 1L or 2L of supplemental oxygen thera-
py via a simple oxygen mask or nasal cannula. During admission 
Jade became significantly hypercapnic with respiratory acidosis. 

A venturi mask was initially used with the aim to provide a controlled 
oxygen therapy, unfortunately, the poor fit of the mask resulted in 
hypoxia. Jade’s mother also highlighted that wearing an oronasal 
mask for both NIV and oxygen therapy might prove difficult for her 
daughter as she is a nose breather and prefers nasal specs. 

Solution:
Jade was switched to a Vivo 3 ventilator to provide her with 
the option of 2 pre-set modes: NIV and high flow nasal therapy 
(HNFT). The ventilator could now be used to provide standard 
NIV or HFNT with the option of providing oxygen at a higher flow 
rate via a nasal cannula. The HFNT aims to ‘wash out the dead 
space’ in the upper airways and thereby reduce the risk of carbon 
dioxide retention. A repeat blood gas analysis after Vivo 3 treat-
ment had been initiated showed stable levels of pH, PaCO2 and 
PaO2 with use in either mode. 

Patient and family feedback:
After initiation of Vivo 3 treatment Jade was happier and found HFNT 
much easier to tolerate than the venturi mask and was less prone 
to remove it during treatment.  She was able to talk, eat and drink 
more freely. Her mother was happy and reported that her daughter 
was brighter and more like her normal self. After discharge with the 
Vivo 3 Jade had more energy and was dancing in the kitchen!

Conclusion:
The Vivo 3 ventilator was clinically effective and safe when provid-
ing ventilatory support and high flow nasal therapy to a challenging  
patient case we are now keen to set up more patients to use the 
HFNT mode.  In our opinion, this ventilator is user friendly for both 
patients and staff, and the simple and intuitive display and buttons 
are  easy to operate also for patients  that experiences difficulty with 
dexterity, vision, cognition or memory impairment. 

1L O2 via a mask 2L O2 via a mask

pH 7.24 7.33

PaCO2 (kPa) 11.8 9.3

PaO2 (kPa) 7.6 9.2

BE (mmol/L) 7.3 8.0

HCO3- (mmol/L) 30.3 31.0

SpO2 (%) 83.7 92.2

Earlobe blood gases


