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Non-invasive ventilation (NIV) refers to respiratory support 
provided by an external interface rather than an invasive airway 
such as an endotracheal tube or tracheostomy.[1] This form of 
ventilation is gaining popularity in adult and paediatric practice, as 
it might prevent the need for endotracheal intubation[2] and, in so 
doing, prevent complications associated with invasive mechanical 
ventilation.[3] 

NIV has been well described in the adult population,[2,4] and 
is used in the management of adult respiratory failure, across all 
diagnostic categories.[5] Compared iht other forms of NIV in adults, 
high-flow nasal cannula oxygen therapy (HFNC) is associated with 
the lowest intubation rates and the best 90-day survival rate in those 
with respiratory failure.[6] NIV is also well established for use in the 
neonatal setting, in the management of all-cause respiratory distress 
and for the early stabilisation of premature and low-birthweight 
newborns.[7] Despite fewer formal data supporting its use in infants 
and older children,[1] NIV is becoming more popular in this 
setting, commonly used in the management of acute and chronic 
respiratory failure; status asthmaticus; hypoventilation syndromes; 
neuromuscular disorders and chronic upper airway obstruction; as 
well as the prevention of extubation failure.[8-10] 

In low- and middle-income countries, where mechanical 
ventilatory support cannot be provided to the majority of children 
owing to resource limitations, simple yet effective non-invasive 
methods of providing respiratory support should be considered to 

optimise clinical paediatric outcomes.[11] In this context, both nasal 
continuous positive airways pressure (nCPAP) and HFNC can be 
provided by stand-alone machines, and have been adapted for use in 
low-resource settings.[11]

nCPAP has been shown to be effective in the management of 
older children with bronchiolitis and other respiratory illnesses, and 
bubble CPAP specifically reduces mortality and treatment failure 
compared to low-flow oxygen[12-17] and has become a mainstay of 
treatment for many of these conditions. HFNC is also being used 
more frequently in older children,[3] where it has been shown to be as 
effective as nCPAP for some conditions.[18] 

nCPAP and HFNC are also recommended in the initial resuscitation 
of children with respiratory compromise or hypoxaemia associated 
with sepsis or septic shock.[19] Despite these recommendations, data 
supporting the use of nCPAP or HFNC for patients in whom the 
primary pathology is non-pulmonary are scarce.

We found only one article which specifically investigated the 
use of nCPAP in the management of respiratory compromise 
caused by non-pulmonary disease, this in the setting of Dengue 
shock syndrome.[20] Other studies have included heterogeneous 
populations, with sample sizes too small to allow meaningful sub-
group analyses.[21-28] To the best of our knowledge no other studies 
have systematically evaluated the use of nCPAP or HFNC therapy 
specifically in children with non-pulmonary causes of respiratory 
compromise. 
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Objectives
In light of the above, this study aimed to describe the use of HFNC 
and nCPAP in the management of children admitted to Red Cross 
War Memorial Children’s Hospital (RCWMCH), Cape Town, 
South Africa (SA), with primary pathologies other than respiratory 
illness.

Methods
Setting 
RCWMCH is a public tertiary and secondary level hospital in Cape 
Town, SA. It is the only stand-alone, specialist children’s hospital 
dedicated entirely to paediatric care in sub-Saharan Africa. RCWMCH 
has a total of 275 beds (medical and surgical), of which 15 are high-
care medical beds and 22 are in the paediatric intensive care unit 
(PICU). Currently, children on nCPAP and HFNC are managed both 
in high-care ward units and in the PICU.

Approximately 40 000 children per year are managed at RCWMCH. 
It is estimated that 360 children are admitted to the PICU and 1 200 
to high-care units via the medical emergency unit (MEU) (MEU 
records) annually. Because of the highly specialised care available 
at RCWMCH, patients present with a wide variety of illnesses, but 
the majority of patients are admitted with acute infections, most 
commonly respiratory or gastrointestinal, depending on the season. 

At RCWMCH, institutional guidelines recommend the use of 
nCPAP or HFNC, using a stand-alone Bubble-nCPAP device (Fisher 
& Paykel Healthcare, New Zealand) as the standard of care in 
children presenting in severe respiratory distress where intubation and 
mechanical ventilation is not urgently required. Patients are carefully 
monitored considering the potential effects of PEEP on venous return. 
The interface standardly used for nCPAP is the F&P FlexiTrunk 
(Fisher & Paykel Healthcare, New Zealand) midline interface and 
nasal prongs, while appropriately sized paediatric oxygen therapy 
nasal cannulae are used for HFNC (Fisher & Paykel Healthcare, 
New Zealand). Although pulmonary disease remains the primary 
indication for nCPAP or HFNC, these modalities are also used in 
the management of children with respiratory compromise related to 
multiple non-pulmonary aetiologies.

In our context, in the summer months, a large proportion of 
patients present to the emergency department with gastroenteritis 
and dehydration as their primary illness, with respiratory compromise 
occurring as a consequence of shock, hypokalaemia or severe metabolic 
acidosis. Respiratory compromise is also common in the face of septic 
shock or overwhelming sepsis. It is currently standard practice to 
consider using nCPAP/HFNC for respiratory support in such cases, 
despite the scarcity of supporting evidence.

Study design and period
This was a prospective, single-centre, observational study of routinely 
collected data between August 2015 and January 2016.

Participants
All children between 0 and 12 years who received nCPAP or HFNC as 
part of standard respiratory care, and in whom respiratory compromise 
was not caused by primary lung pathology, were included in the study.

Neonates requiring respiratory support for hyaline membrane 
disease (HMD) or other diseases of the newborn period, children 
receiving chronic/home-based nCPAP/HFNC, and children with 
cardiogenic pulmonary oedema were excluded from the study.

Ethics approval
Permission to conduct the study was obtained from the University 
of Cape Town’s Faculty of Health Sciences Human Research Ethics 
Committee (ref. no. 141/2015) and written informed consent was 
obtained from parents/legal guardians. The study adhered to the 
provisions of the Declaration of Helsinki (2013).

 Procedure
MEU admissions were reviewed daily by the researcher to identify 
eligible patients. Patients receiving nCPAP/HFNC therapy in the 
medical wards were screened for eligibility daily by the same 
researcher. Parents/caregivers were approached for consent after 
admission of their child but prior to the collection of data from the 
files. All parents approached gave consent.

Routinely collected admission data ere prospectively collected 
from clinical folders on all eligible patients, using a standardised data 
collection form. Outcome data were collected at discharge or after 
death from digital or paper-based hospital records.

Statistical analysis
Data were entered into an Excel spreadsheet and appropriate 
parametric or non-parametric descriptive analyses were conducted 
using Statistica version 12 (StaSoft Inc., USA), after testing for 
normality (Shapiro-Wilk W-test). Comparative statistics were 
conducted using Mann-Whitney U-tests for non-parametric data 
and t-tests for independent variables for normally distributed data, 
using failure of nCPAP/HFNC (progression to intubation and 
invasive ventilation) and PICU admission as categorical primary 
and secondary outcome measures. Mortality was a further planned 
secondary outcome measure, but was not further analysed owing 
to small numbers (n=2). Data found to be associated with the 
primary and secondary outcomes on univariate analysis (p<0.05) 
were entered into backward stepwise logistic regression models to 
determine independent predictive factors. A significance level of 
p<0.05 was used for this study.

Results
There were 31 cases of nCPAP and 1 case of HFNC use in 31 
patients with an age range of 0.4 to 56.5 months (median age 3.5 
(interquartile range (IQR) 1.8 - 7.6) months; 50% male). Twenty-
three of the 32 cases (71.9%) presented with respiratory distress 
secondary to diarrhoeal disease or complications thereof. Of these, 
18 (78.3%) presented with hypovolaemic shock and 12 (52.2%) 
required inotropic support. One patient was admitted twice, on both 
occasions with hypovolaemic shock and respiratory compromise 
associated with diarrhoeal disease. Seven of the 32 cases (21.9%) 
were admitted with septicaemia. Four of these 7 were shocked and 
only 1 required inotropes. One child was admitted with acute liver 
failure and metabolic acidosis with respiratory compensation and 
increased work of breathing and 1 with meningitis who was lethargic 
and required respiratory support. Both were in septic shock and 
initiated on nCPAP therapy. A total of 24 (75%) cases were shocked 
on admission. Thirteen of the 31 patients (41.9%) were HIV-exposed 
but uninfected, and 3 (9.7%) were HIV-infected. 

The only patient who was treated with HFNC had diarrhoeal 
disease and Salmonella sepsis (without shock). HFNC was initiated 
on the basis of the patient clinically tiring. 

One (3.2%) complication of NIV – nasal skin trauma related to 
pressure caused by the nCPAP interface – was documented.

Primary outcome 
Five (15.6%) patients failed NIV and were intubated and mechanically 
ventilated. These included the patient with acute liver failure, two 
cases with diarrhoeal disease and 2 cases with septicaemia.

Secondary outcomes 
Seventeen (53.1%) cases required ICU admission, with diarrhoeal 
disease (n=13); septicaemia (n=3); and acute liver failure (n=1). 
Two (6.5%) patients died. Both deaths occurred in children who 
presented with diarrhoeal disease and comorbid chronic illness. One 
patient had neuroblastoma and previous ventriculo-peritoneal shunt. 
He demised in the MEU before admission to high care or PICU but 
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was given fluid boluses and started on nCPAP and inotropes as part 
of his emergency management. The second patient had congenital 
haemolytic uraemic syndrome (HUS) with chronic kidney disease 
and demised after a protracted hospital stay.

Table 1 presents univariate analyses of baseline characteristics 
and outcomes between primary and secondary outcome measures. 
Patients who failed NIV had lower presentation SaO2 on univariate 
analysis. However, owing to insufficient patient numbers (only 5 
failed NIV), we were unable to test this association on multiple 
logistic regression. Lower admission temperature (adjusted OR 
0.19; 95% CI 0.05 - 0.78; p=0.02) and receipt of inotropes in the 
emergency setting (aOR 23.05; 95% CI 1.64 - 325.06; p=0.02) were 
independently associated with PICU admission. 

Positive blood cultures within the first 3 days were obtained 
in 3 (9.3%) cases: 1 case each of Pseudomonas aeruginosa and 
coagulase-negative Staphylococcus aureus in patients who presented 
with diarrhoeal disease and 1 case of Streptococcus pneumoniae in 
a patient with septicaemia. The coagulase negative S. aureus was 
considered likely to have been a contaminant.

Two of the children with septicaemia had nasopharyngeal aspirate 
(NPA) specimens sent for respiratory viral panel analysis. These were 
both positive for respiratory syncytial virus (RSV) A and adenovirus, 
respectively. Four of the children with diarrhoeal disease had NPAs 
sent, of which 2 were positive for both adenovirus and rhinovirus, 
and 2 were negative. The patient with acute liver failure had a 
negative NPA.

Discussion
We report the results of an exploratory, observational study conducted 
in a single setting, in which nCPAP was used clinically in cases with 
respiratory compromise of non-pulmonary aetiology. HFNC was 
used in only 1 case in our cohort, for reasons that are unclear. To the 
best of our knowledge, there are no published data systematically 
describing the clinical use of nCPAP and HFNC in children admitted 
to hospital with respiratory compromise associated with primarily 
non-respiratory disease.

The vast majority (71.9%) of children receiving nCPAP/HFNC in 
this study presented with diarrhoeal disease (many with associated 
shock) requiring respiratory support. Globally, diarrhoeal disease is 
one of the leading causes of death in children under 5 years of age, 
responsible for more child deaths than AIDS, malaria and measles 
combined.[29] There is a particularly high burden of diarrhoeal 
disease in SA,[30] where an estimated 10 109 000 (54%) children live 
below the poverty line of ZAR671 (~$48) per month. In the Western 
Cape province, in 2013, ~486 000 (26%) children were living in 
income-poor households.[31] Diarrhoeal disease is responsible for 
20% of child deaths under 5 years of age in SA.[32]

Considering the burden of disease, limited PICU resources, and 
poor access to paediatric healthcare centres in SA,[33] there is a need to 
identify safe, effective and affordable means of providing respiratory 
support to children with complications of diarrhoeal disease, sepsis, 
and other conditions outside the PICU setting. In this context, 
nCPAP and HFNC require further study, but are promising in terms 
of availability and affordability. A study from Malawi[34] showed that 
a stand-alone bubble nCPAP device could be developed for one-
fifteenth of the price of the device recently approved by the Food and 
Drug Administration (FDA). In a recently published study conducted 
in Cape Town, SA, ventilatory management was identified as an 
important modifiable factor in the initial management of critically 
ill children presenting to city health clinics, which could impact on 
morbidity.[33] nCPAP and HFNC could feasibly be implemented at 
such centres. Although no definitive conclusions can be made on 
the basis of this study, and more research is needed, it is notable that 
47% of children were spared PICU admission after nCPAP/HFNC 
therapy was provided in the ward high-care units. This finding may 

have important implications for low-resourced countries with little 
access to high-level PICU care.

The paediatric section of the 2012 Surviving Sepsis Campaign 
guidelines for treating sepsis and septic shock recommends the use of 
nCPAP or HFNC in the initial resuscitation of children with respiratory 
compromise or hypoxaemia associated with sepsis or septic shock.[19] 
Young children with severe sepsis or shock commonly require early 
respiratory support owing to low functional residual capacity. However, 
intubation and ventilation in these circumstances may cause harm by 
increasing intrathoracic pressure with resulting compromised venous 
return and worsening shock. HFNC and nCPAP could be effective in 
this setting, by increasing functional residual capacity and reducing 
work of breathing, thereby allowing for establishment of intravenous 
or intraosseous access for fluid resuscitation and peripheral inotrope 
delivery.[19] By reducing the need for intubation, the use of potentially 
harmful sedative drugs may also be avoided.

The 15.6% NIV failure rate is within the range (11.5% - 19%) 
described previously in children with sepsis.[22,25] In a prospective 
observational study investigating nCPAP use in 214 critically ill 
children in a resource-limited setting (India), Anitha et al.[22] found 
associated shock to be a risk factor for nCPAP failure, while Kelly et 
al.,[25] in a retrospective review (n=498) found that those who failed 
NIV had presented with a higher venous pCO2, higher initial RR, 
and a lower venous pH than those in whom NIV was successful. 
Both these studies were limited by lack of control groups. On 
univariate analysis, Mayordomo-Colunga et al.,[35] in a prospective 
epidemiological study (N=116), found that smaller children were 
at higher risk of NIV failure. This did not remain a predictor on 
multivariate analysis. We were, however, unable to identify any 
predictive factors for NIV failure on the basis of such admission 
characteristics

The complication rate in this study was low, at 3%, but skin 
breakdown and pressure ulcers have been previously reported 
as complications of nCPAP.[1,35] Therefore care must be taken in 
applying the interface and frequently checking for pressure areas. 
Other complications of both nCPAP and HFNC which have been 
described include pneumothorax and other air-leak syndromes,[28] 
abdominal distension, upper-airway bleeds[1,35,36] and noise-induced 
hearing loss.[37]

In our setting PICU admission is largely dependent on resources 
and availability of PICU beds, therefore not being admitted to PICU 
does not necessarily always reflect lower acuity of illness. However, 
we found that lower admission body temperature and the receipt of 
inotropes were independent predictors of PICU admission, possibly 
reflecting higher severity of illness in these patients. Studies have 
shown that scoring systems such as the Pediatric Early Warning 
Systems (PEWS), which include assessment of temperature and 
blood pressure, may be able to predict the need for a higher level of 
care when they are used in the emergency department.[38] Research 
is warranted in our setting to determine the utility of such scoring 
systems to timeously recognise children who may require PICU 
admission and increased levels of support.

Study limitations
This was a single-centre study with a small sample size, and no 
control group. Therefore, the actual prevalence of HFNC/nCPAP 
in this population cannot be determined. However, the sample 
size is comparable with that of previous studies of NIV use in  
children.[2-23] Randomised controlled trials with larger, homogeneous 
study populations are needed to establish the safety and efficacy of 
nCPAP and HFNC in the management of children with diarrhoeal 
disease, and other non-pulmonary diseases. 

Having had only one researcher to recruit patients throughout 
the study period, there is a possibility that eligible patients might 
have been missed. It is possible that children had co-existing, but 
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undiagnosed, respiratory pathology, which might have confounded 
the results of this study and contributed to patients’ respiratory 
distress. The positive viral screens in a number of respiratory 
specimens support this suggestion. However, it is not clear how many 
identified viruses represent colonisation or asymptomatic carriage. 
Routine chest radiography and respiratory secretion sampling are not 
standard practice in diarrhoeal disease and therefore we could not 
confirm the presence of respiratory disease in these patients. 

Conclusion
nCPAP was found to be used clinically for the management of children 
with respiratory compromise potentially secondary to non-pulmonary 
illnesses, particularly diarrhoeal disease. In the majority of cases 
intubation and mechanical ventilation were not required. Larger 
controlled clinical studies are needed to determine the effectiveness 
and utility of nCPAP in this population. HFNC was not commonly 
used, and this modality requires further investigation in this setting.
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