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Abstract

Introduction In low-resource countries, respiratory
failure is associated with a high mortality risk among
critically ill children. We evaluated the role of bubble
continuous positive airway pressure (bCPAP) in the
routine care of critically ill children in Lilongwe, Malawi.
Methods We conducted an observational study
between 26 February and 15 April 2014, in an urban
paediatric unit with approximately 20 000 admissions/
year (in-hospital mortality <5% approximately during
this time period). Modified oxygen concentrators or
oxygen cylinders provided humidified bCPAP air/oxygen
flow. Children up to the age of 59 months with signs of
severe respiratory dysfunction were recruited. Survival
was defined as survival during the bCPAP-treatment
and during a period of 48 hours following the end of the
bCPAP-weaning process.
Results 117 children with signs of respiratory failure
were included in this study and treated with bCPAP.
Median age: 7 months. Malaria rapid diagnostic tests
were positive in 25 (21%) cases, 15 (13%) had severe
anaemia (Hb < 7.0 g/dL); 55 (47%) children had
multiorgan failure (MOF); 22 (19%) children were HIVinfected/exposed. 28 (24%) were severely malnourished.
Overall survival was 79/117 (68%); survival was 54/62
(87%) in children with very severe pneumonia (VSPNA)
but without MOF. Among the 19 children with VSPNA
(single-organ failure (SOF)) and negative HIV tests, all
children survived. Survival rates were lower in children
with MOF (including shock) (45%) as well as in children
with severe malnutrition (36%) and proven HIV infection
or exposure (45%).
Conclusion Despite the limitations of this study, the
good outcome of children with signs of severe respiratory
dysfunction (SOF) suggests that it is feasible to use bCPAP
in the hospital management of critically ill children in
resource-limited settings. The role of bCPAP and other
forms of non-invasive ventilatory support as a part of
an improved care package for critically ill children with
MOF at tertiary and district hospital level in low-resource
countries needs further evaluation. Critically ill children
with nutritional deficiencies and/or HIV infection/exposure
need further study to determine bCPAP efficacy.

Key messages
►► The high survival rates among children with very se-

vere pneumonia and no other severe organ dysfunctions, documented in this study, indicate that bCPAP
can be used safely and efficiently in resource-limited
but well-supervised paediatric units in SSA.
►► Multiorgan failure, malnutrition and HIV infection/exposure were associated with an increased mortality
risk. The role of bCPAP and other forms of NIV as a
part of an improved care package for malnourished
and non-malnourished critically ill children (including shock ± anaemia) needs further evaluation.
►► The study highlights the importance of a multidisciplinary approach in the implementation process of
basic paediatric critical care measures like bCPAP,
e.g.: efficient logistic set-up of patient circuits, reliable oxygen systems including reliable electricity
supply, cost-effective, good quality medical equipment, biomedical input, support of health workers
and training.

Introduction
In 2015, 5.9 million children died before the
age of 5 years with approximately 50% of
these deaths occurring in sub-Saharan Africa
(SSA).1 Very severe pneumonia (VSPNA)
based on the WHO classification remains a
leading cause of child mortality.1 Although
there has been a considerable decline in
mortality in hospitalised Malawian children
between 2000 and 2012, mortality remained
high in 2012 in critical subgroups including
those with VSPNA (12%), severe undernutrition (15%) and severe acute malnutrition
(35%).2 Despite the introduction of Haemophilus influenzae B and pneumococcal conjugate vaccines, severe respiratory infections
(bacterial and viral) are likely to remain a
major cause of morbidity and mortality in
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SSA. Paediatric emergency and critical care, adapted
to available resources, is therefore essential in order to
achieve further reductions in child mortality. Improvements of non-invasive respiratory support can play an
important role in this context.
Respiratory failure is also a common feature of critically ill children with severe sepsis.3 Severe infections
can lead to a complex systemic inflammatory response,
and a variety of conditions such as pneumonia, bacteraemia and malaria can coexist.4 5 Without early, efficient
management, these infections can progress to significant
organ dysfunction, including acute respiratory distress
syndrome and respiratory failure.3 Respiratory support
is therefore an essential element in the management of
critically ill, septic children.6–8
Improved paediatric emergency care in health facilities
and streamlined referral pathways can have a significant
impact on child survival. Improvement of oxygen delivery
and respiratory support plays an important role in this
context. A recent study conducted in Malawi showed
that the use of pulse oximetry in peripheral outpatient
health facilities and village clinics can help clinicians
and community health workers to identify children with
severe pneumonia and hypoxaemia.9 A study in Papua
New Guinea demonstrated that the reliable supply of low
flow oxygen can reduce mortality among children with
signs of severe pneumonia.10 Oxygen concentrators in
conjunction with reliable electricity systems associated
with ‘uninterruptable power supply' are cost-effective
and provide a reliable method of oxygen supply in low-resource settings.11 12 Installation and maintenance of these
‘oxygen systems’, however, remain a challenge in many
health facilities in African countries.13 The combination
of solar-powered energy systems and the use of oxygen
concentrators can be an option to improve oxygen supply
in health facilities in remote settings.14
Non-invasive respiratory support has the potential to
improve the outcome of critically ill children managed
in low-resource settings, and notably, the role of non-invasive ventilatory (NIV) support in the management
of septic children with ‘less severe Acute Respiratory
Distress Syndrome (ARDS)’ is also under evaluation in
high-resource settings.15
Different forms of NIV exist: continuous positive airway
pressure (CPAP), high-flow of warmed and humidified
air/oxygen via nasal cannula, bilevel positive airway pressure and neuronally adjusted ventilatory assist.16 17
CPAP has been used efficiently for the treatment of
children with respiratory dysfunction in high-resource
settings (eg, viral bronchiolitis).18–20 It has been shown
that bubble CPAP (bCPAP) administered through nasal
prongs offers a good quality, relatively low-cost alternative to ventilator-delivered CPAP on neonatal units.21
Feasibility and safety of bCPAP use on neonatal units in
middle-income and low-income countries have also been
evaluated.22
A recent randomised controlled trial (RCT) conducted
in Bangladesh showed that children with VSPNA treated
2

with bCPAP had a significantly lower mortality rate (4%)
compared with a group treated with low-flow O2 (15%).23
A further study conducted in Ghana demonstrated that
CPAP can be used efficiently in the management of children with respiratory distress in SSA.24
A smaller study described the use of an improvised
bCPAP set-up (mostly non-humidified flow) on an
extremely busy paediatric unit in Malawi for children (29
days to 59 months) with VSPNA and children presenting
with signs of respiratory dysfunction in the context of
critical illness (eg, severe malaria) including shock and
severe anaemia.25 Several months later, the authors had
the opportunity to introduce a better adapted bCPAP
set-up in the same clinical environment. Its use with a
larger and better-described cohort, and its success or
failure dependent on patient risk characteristics and
their association with death while on bCPAP, is reported
here.
Methods
Study population and setting
We conducted an observational study of all children
0–15 years treated with bCPAP between 26 February and
15 April 2014 in the paediatric department at Kamuzu
Central Hospital in Lilongwe, Malawi. In 2014, this
department had approximately 20 000 paediatric admissions of infants and children ages 0–15 years. This observational study was conducted during the peak of the
malaria season in 2014, with >3000 admissions/month in
March and April 2014 and a mortality rate of approximately 4%.26 Most newborns were treated on a dedicated
neonatal unit. A small number of newborns born outside
Kamuzu Central Hospital, received respiratory support
with bCPAP on the paediatric unit. Only these newborns
were included in the study.
Patients were initially screened in a triage/admission zone. Critically ill children with emergency signs27
were managed in a ‘resuscitation zone (4 beds for 4,
sometimes up to 16 patients)’. This area was directly
connected to a ‘critical care/emergency zone’ (approximately 16–18 beds—for up to 30–60 patients), where
further basic critical care, according to WHO guidelines27 (including management of airway and breathing,
intravenous or intraosseous fluids, blood transfusion,
nutritional support, oral and intravenous medications),
was provided. Approximately eight oxygen concentrators, backed up with oxygen cylinders, were available.
The oxygen flow provided by each of these devices can
be split to deliver low-flow O2 to up to five patients.
This centralisation of basic critical care enabled a
limited number of staff to provide the best possible
management (including vital signs approximately 2–3
times per day and more frequent monitoring in very
sick patients) to a large number of critically ill children
(nurse to patient ratio: 1:15–30, doctors/clinical officers:
2–4 (day) and 1–2 (night); supervision by at least one
consultant on site for 12 hours per day). In a six-bed ‘high
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dependency unit (HDU)’, closer observation of selected
critically ill children could be provided (spot-checks of
vital signs approximately 2–4 hourly). The number of
HDU beds was insufficient for the management of the
large number of critically ill children.
Survival was defined as survival during the bCPAP treatment and during a period of 48 hours following the end
of the bCPAP-weaning process.
The unit’s policy was to offer HIV testing and counselling to every hospitalised child. However, because of the
high workload and limited numbers of HIV counsellors
not all admitted children were tested prior to death or
discharge.
Basic ‘point of care tests’ were usually available,
including malaria rapid diagnostics tests (MRDT),
haemoglobin tests and blood sugar analysis. Further laboratory tests like blood gases, electrolytes, renal and liver
function, and full blood counts were not available. The
blood bank was able to provide urgent whole blood transfusions generally within 2–4 hours but at times there was
more of a delay.
Basic bedside ultrasound and echocardiography
helped to define thoracic and abdominal pathologies,
cardiac function and congenital heart diseases. Access to
chest X-rays was inconsistent.
Definitions and comorbidities
VSPNA was diagnosed by the presence of cough or difficulty breathing with either SpO2 <90%, central cyanosis,
severe respiratory distress (very severe chest indrawing),
danger signs such as inability to drink or breast feed,
lethargy, and reduced level of consciousness. Multiorgan
failure (MOF) was defined as having respiratory dysfunction with either cardiovascular dysfunction (including
severe anaemia) or central nervous system dysfunction at
the time of bCPAP initiation. Severe anaemia was defined
as an Hb <7 g/dL or clinically when rapid point-of-care
testing was not available. Central nervous system dysfunction was defined as a Blantyre Coma Scale ≤3 or status
epilepticus.
HIV status was defined as ‘infected’ if a child <2 years
had a positive DNA PCR test or a child ≥2 years had a
positive rapid test. A child was considered to be HIV
‘exposed’ if there was a positive rapid test for a child
<2 years or a documented maternal positive test, but no
DNA PCR had yet been performed.
Malaria was diagnosed by MRDT, and all children with
malaria receiving bCPAP would have been found to have
severe malaria by virtue of their respiratory distress, shock
or neurological dysfunction.
Nutritional status was described as either normal,
moderate acute malnutrition or severe acute malnutrition by WHO guidelines when data—usually mid-upper
arm circumference (MUAC)—were available.
Other comorbidities included congenital heart defects
diagnosed by bedside echocardiography, cerebral palsy,
spina-bifida, hydrocephalus, neuromuscular disorders

and other forms of neurodisability, sickle cell disease,
malignancy or clinically suspected tuberculosis.
Inclusion criteria and initiation of bCPAP
Critically ill children of any age were initiated on bCPAP
if, after initial resuscitation, they were found to have
severe respiratory distress with or without further organ
dysfunctions like shock, severe anaemia or neurological
dysfunction. bCPAP could be initiated in the emergency
zone or HDU depending on bed availability.
Fluid resuscitation
Children with signs of shock and no signs of dehydration received only careful fluid resuscitation (10 mL/
kg isotonic crystalloid solution). After re-evaluation, one
further fluid bolus was administered in some children
(a third bolus was only given very rarely). Malnourished
children with signs of shock and no dehydration received
only one fluid bolus. If possible, haemoglobin (Hb) was
rechecked after each fluid bolus.
Children with severe anaemia did not receive a
pre-transfusion bolus. In case of severe anaemia, 20 mL/
kg whole blood was transfused over 3–4 hours if HBs were
<5–6 g/dL. This practice is in line with the latest WHO
recommendations from 2016.28
In case of severe dehydration, WHO guidelines for the
management of malnourished and non-malnourished
children were followed as well.28
bCPAP device (see figure 1)
The low-cost bCPAP devices used in this study were modified oxygen concentrators with a maximum air/oxygen
flow of 16 litres per min (LPM) (maximum oxygen flow:
8 LPM, maximum air flow: 8 LPM; http://go.gomango.
co. u k/ d iamedica. c o. u k/ e nglish/ p roduct_ d etails_
diamedica.cfm?id=1562). The FiO2 could be determined
by adjusting the ratio of oxygen/air flow. The blended
flow was humidified and in some devices could be
warmed using the heat produced by the compressor of
the oxygen concentrator. The pressure was determined
by the distance of the distal part of the expiratory limb of
the ventilation circuit below the water surface of a water
bottle (‘resistor’).
In case not enough ‘bCPAP set-ups’ were available,
oxygen cylinders were used to provide O2 flow required
to provide bCPAP. With this ‘suboptimal set-up’, the
FiO2 could not be adapted but oxygen flow could still
be humidified. Patients were switched to the described
‘modified oxygen concentrator’ whenever such a device
was available.
Basic further care of critically ill children managed with bCPAP
Additional aspects of care for patients on bCPAP
included head-up positioning, nasogastric tube (NGT)
insertion for initial gastric decompression and drainage,
intravenous maintenance fluids initially at 2/3 of the
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Figure 1 Bubble continuous positive airway pressure (bCPAP) set-up. (With permission of Diamedica: http://go.gomango.
co.uk/diamedica.co.uk/english/product_details_diamedica.cfm?id=1562)

‘4-2-1 rule’29 were administered. Isotonic electrolyte
solutions (Ringers lactate and dextrose)30 were used as
maintenance fluids. Once vital organ functions were
stabilised, 3-hourly NGT feeds were introduced gradually with expressed breast milk for infants, F-75 for children>6 months with SAM. Regarding enteral nutrition
of critically ill children without severe acute malnutrition (SAM): Not enough therapeutic nutrition (F75 or
F100) was available for the nutrition of critically ill children without SAM. No other specific enteral nutrition
was available for this purpose. Therefore ordinary milk
products or porridge were used for gastric tube feeding
of these critically ill children. In many cases, tolerance
of enteral feeds was initially tested with the administration of oral rehydration fluids via NGTs. The maximum
volume of enteral feeds administered during this ‘critical
care phase’ for malnourished and non-malnourished
children was 100% according to the ‘4-2-1 rule’29.
National and WHO guidelines were applied to treat
tuberculosis, HIV, malnutrition and common conditions like severe malaria, respiratory infections, diarrheal
diseases, meningitis and bacterial sepsis.27
4

Monitoring and vital signs
Rapid clinical screening was done to triage patients
requiring non-invasive respiratory support. Basic vital
signs (heart rate (HR), respiratory rate (RR), oxygen
saturation (SpO2), temperature) were monitored usually
2–3 times per day by vital signs assistants31 or qualified
nurses.
CPAP settings
bCPAP pressure was commenced at 6–7 cm H2O.19 The
initial FiO2 was set at approximately 0.6%. Pressure
and FiO2 were adjusted depending on signs of work of
breathing and peripheral oxygen saturation measurement by pulse oximetry (SpO2). The aim was to maintain
SpO2 >94%. bCPAP pressure was usually kept ≤8 cm H2O
and only in rare cases increased to 10 cm H2O. Humidified air/oxygen flow was used for all children.
bCPAP weaning protocol
When using the modified oxygen concentrator set-up,
FiO2 was reduced when SpO2 was consistently >94%
(FIO2 could not be adapted if O2 cylinders were used as
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flow generator). If work of breathing and RR improved
with SpO2 remaining consistently >94% (with an FIO2
≤0.5%) bCPAP pressures were reduced gradually. If the
patient remained stable and the bCPAP level was ≤5 cm
H2O (with an FIO2 <0.3-0.4), then a trial ‘off bCPAP’
was started and the child was placed on low-flow oxygen
(1–2 LPM). In cases of clinical deterioration, bCPAP was
restarted. This clinical scenario was not considered as a
‘treatment failure’. In the data analysis, this additional
phase of ‘bCPAP management’ was considered as part of
the ‘bCPAP weaning process’ and the initial treatment.
The duration of the weaning process was depending on
the child’s clinical progress. In the data analysis, the end
of the weaning process was documented as the end of the
bCPAP treatment.
Data collection and analysis
A case record form, an observation chart and a patient
register were used for data collection. Data were entered
into an Excel database. We describe the proportion
of bCPAP cases who survived by risk group, sex, age,
complications, HIV status and treatment methods. We
conducted univariable logistic regression to determine
if the odds of bCPCP survival were higher in particular
subgroups. The small number of cases precluded multivariable analysis. We also present a breakdown of survival
and death (failure) by HIV status and comorbidities
including shock, malaria, anaemia, MOF and severe
malnutrition, and describe the reasons for complications
of treatment. This study was done in a routine setting
without dedicated funding and did not have a target
sample size. The sample includes most bCPAP cases seen
between 26 February and 15 April 2014. All analyses were
done in Stata V.14.2 for Mac.
Results
A total of 117 patients were included and 79 (68%)
survived (table 1). Survival was similar among males and
females, and did not differ statistically by age group,
though there were small sample sizes in each group.
Survival was lower in those with MOF (45%) than those
with single-organ failure (SOF) and no comorbidities
(86%; p<0.0001, table 1). Survival was also significantly
lower in those with severe acute malnutrition (36%) than
with no severe or moderate malnutrition (81%; table 1),
and in those with confirmed HIV infection or exposure
(45%) than those who were HIV negative (81%) or with
an unknown HIV status (68%; table 1). There were no
statistically significant differences in survival by bCPAP
delivery device or treatment initiation location (table 1).
All 19 children with VSPNA who were HIV negative
and had no comorbidities and no other organ dysfunctions survived (five children in this group had suspected
TB). Also, 40/42 (95%; 95% CI 84% to 99%) of children
with VSPNA (unknown or negative HIV status) and no
comorbidities and no other organ dysfunction survived.
Children with VSPNA and HIV infection/exposure and/

or malnutrition had significantly increased mortality risk
(see table 2). Respiratory failure with additional organ
dysfunctions (shock, anaemia) was associated with lower
survival rates.
In total, 14/15 (93%) children with severe anaemia
were transfused. Four out of seven with severe anaemia
and shock survived. Also, 6 out of 14 children with
anaemia who were transfused died. The one patient with
severe anaemia who was not transfused survived. And,
11 out of 15 children with severe anaemia had positive
malaria tests. Also, 7 of these 11 children survived.
Among the 31 children with severe malaria, 24 had
multiorgan dysfunction. In total, 14 of these 24 children
survived. Of children with positive malaria tests, 11/31
(35%) had signs of shock. Also, 5 of these 11 children
survived.
Technical issues and complications
The average flow set was 9.1 LPM (SD 2.0, range 5–16).
The average starting pressure was 6.7 cm H2O (SD 1.0,
range 4–9).
In total, 13/117 patients experienced equipment-related complications, including blocked nostrils (2) or
nasal prongs (2), interruption of oxygen supply from
depleted cylinder (2), nasal septum lesions (7) and aspiration of feeds (1). One parent refused the continuation
of bCPAP. Some patients had more than one complication. The total number of treatment failures among those
experiencing complications was 3/13 patients.
Discussion
This basic observational study was conducted on a very
busy paediatric unit in Malawi during peak malaria
season.
We describe a group of children with a high mortality
risk. Because of resource limitations, we took the
approach of offering bCPAP to those children having the
most severe clinical presentations.
In high-resource settings, a considerable number of
the 62 children with respiratory dysfunction and the 55
children with MOF potentially would have been mechanically ventilated and would have received further critical
care interventions in a paediatric intensive care unit
(PICU).7
Context-adapted disease severity scores (comparable to
Paediatric Index of Mortality (PIM)32/Pediatric Risk of
Mortality Score (PRISM)33 -scores used in PICUs) based
on parameters describing acute physiological status and
underlying conditions (eg, HIV infection, nutritional
status) can help to describe and compare cohorts of critically ill children and adults managed in low-resource
settings. Further research in this context is needed.34–37
In the study setting, only some children could benefit
from intubation and ventilation. Surveys highlight the
challenges associated with the set-up of intensive care
units providing mechanical ventilation of children.
Significant resources will be directed to only a small
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Table 1 Demographics and outcomes
n=survived bCPAP
Patients (n) (%)*

n=bCPAP death
(%)*

Total
Demographics

117

79 (68%)

38 (32%)

 Male†

58

40 (69%)

18 (31%)

1.00

 Female†

51

34 (67%)

17 (33%)

1.11 (0.50 to 2.49)

 Median (IQR) age in months

7 (2– 15)

6 (2–15)

7 (4–14)

 <1

6

3 (50%)

3 (50%)

1.00

 1–12

76

53 (70%)

23 (30%)

0.43 (0.81 to 2.31)

 13–24

23

17 (74%)

6 (26%)

0.35 (0.06 to 2.25)

 25–48

10

5 (50%)

5 (50%)

1.00 (0.13 to 7.57)

62

54 (87%)

8 (13%)

 VSPNA no comorbidities‡; including 59
children<1 month

51 (86%)

8 (14%)

 VSPNA with comorbidities‡

3

3 (100%)

0 (0%)

 VSPNA no comorbidities; no HIV
exposure/infection, no malaria, no
suspected TB‡

14

14 (100%)

0 (0%)

 VSPNA; no comorbidities; no HIV
exposure/infection, no malaria;
including suspected TB

19

19 (100%)

0 (0%)

 MOF >1 organ dysfunction‡:
respiratory dysfunction and at least
one further organ dysfunction

55

25 (45%)

30 (55%)

 MOF >2 organ dysfunctions‡:
(respiratory dysfunction and at least
two other organ dysfunctions)

21

9 (43%)

12 (57%)

 SAM

28

10 (36%)

18 (64%)

7.59 (2.88 to 19.97)§

 MAM

13

8 (62%)

5 (38%)

2.63 (0.75 to 9.29)

 No MAM or SAM

73

59 (81%)

14 (19%)

1.00

 Infected or exposed

22

10 (45%)

12 (55%)

4.97 (1.53 to 16.13)¶

 Negative

36

29 (81%)

7 (19%)

1.00

 Unknown

59

40 (68%)

19 (32%)

1.97 (0.73 to 5.29)

 Cylinder

50

35 (70%)

15 (30%)

1.00

 Concentrator

48

30 (62%)

18 (38%)

1.40 (0.60 to 3.25)

 Unrecorded

17

12 (71%)

5 (29%)

0.97 (0.29 to 3.25)

 High dependency unit

29

17 (59%)

12 (41%)

1.55 (0.65 to 3.70)

 Emergency zone

83

57 (69%)

26 (31%)

1.00

100
15

77 (77%)
2 (13%)

23 (23%)
13 (87%)

1.00
21.8 (4.6 to 103.5)††

OR of death (95% CI)

Age (months)†

Organ failure
 VSPNA

1.00

vs VSPNA: 8.10 (3.25 to
20.18)¶

Malnutrition†

HIV status

bCPAP delivery device

Treatment initiation location

Intubation**
 No
 Yes

Continued
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Table 1 Continued

 Median (IQR) treatment duration
(hours)

n=survived bCPAP
Patients (n) (%)*

n=bCPAP death
(%)*

24 (24–60)

24 (24–48)

24 (24–60)

OR of death (95% CI)

Comorbidities: congenital heart diseases (4 (children with congenital heart diseases: AVSD: 2 (1 with trisomy 21), VSD: 1; PDA: 1 (and
trisomy 21))), neurodisability (cerebral palsy (1), hydrocephalus (1), neuromuscular disorder (1), severe thorax wall infection/defect (1).
bCPAP,bubble continuous positive airway pressure; HB, haemoglobin; MAM, moderate acutemalnutrition; MOF, multiorgan failure; SAM,
severe acute malnutrition; TB,tuberculosis; VSPNA, very severe pneumonia. AVSD, Atrio-ventricular Septum Defect; VSD, Ventricular Septum
Defect; PDA, Persistent Ductus Arteriosus

*The percentages given in column 3 and 4 describe the ratios to the subtotals documented in column 2.
†Information on sex (male/female) was not recorded for eight patients. Information on age was not recorded for two patients. Information on
malnutrition (MAM or SAM) was not recorded for three patients.
‡Organ dysfunction: respiratory failure (signs of very severe pneumonia50, signs of shock or ‘impaired circulation’28, severe anaemia (HB< 7
g/dl), coma/prolonged convulsions, clinical signs of liver/renal failure.
§p<0.0001.
¶p=0.008.
**In 2 of the 117 patients the information on potential intubation and ventilation was not documented.
††p<0.000.
bCPAP, bubble continuous positive airway pressure; HB, haemoglobin; MAM, moderate acutemalnutrition; MOF, multiorgan failure; SAM,
severe acute malnutrition; TB, tuberculosis; VSPNA, very severe pneumonia.

number of critically ill patients and specific skill levels
are required.38–40 Routine mechanical ventilation of critically ill children is therefore not yet a feasible option for
a large number of paediatric units in SSA.
A survey conducted on the same unit in 2012 using an
improvised bCPAP set-up showed the following survival
rates: overall survival—41/77 (53%), survival among children with VSPNA—19/26 (73%) and VSPNA in HIV-negative children—14/17 (82%).25
Several factors could explain the improved outcome
of patients with respiratory failure managed with bCPAP
described in this publication. The disease severity of the
cohorts described in this publication and the study from
2012 are difficult to compare. Furthermore, in the 2-year
interval between the studies training, senior supervision
and paediatric emergency care was improved on the unit
in Lilongwe. Introduction of conjugated pneumococcal
vaccine in the routine vaccination schedule in Malawi in
the time period between 2012 and 2014 could have had
an impact on the spectrum of pathogens causing severe
respiratory infections and other severe bacterial infections in young children. However, the improved bCPAP
set-up including the use of humidified air/oxygen might
have contributed to improved outcomes as well. There is
considerable evidence indicating that the relatively high
air/oxygen flow used in NIV should be ‘conditioned
(warmed and humidified)’.41 42
The outcome of HIV-negative children with severe respiratory dysfunction (SOF) managed with bCPAP in this
study (mortality rate in this subgroup: 0%) is comparable
to outcomes of children with respiratory failure managed
with bCPAP in the context of an RCT recently conducted
in Bangladesh (mortality rate: 4%).23 Outcomes of this
subgroup indicate that the use of bCPAP as a form of NIV

is feasible on a busy paediatric critical care department
in SSA.
In high-resource settings, proactive respiratory
support is standard care in the management of multiorgan dysfunction.8 In this context, the role of NIV in
less severe ARDS requires further evaluation.15 In low-resource settings, NIV has the potential to improve respiratory care for critically ill children, where options for safe
mechanical ventilation are extremely limited.
An increased mortality risk among children with respiratory dysfunction associated with severe malnutrition
and/or HIV infection/exposure is suggested by this
survey, as demonstrated in other studies.43 In total, 17 out
of 28 children with SAM treated in this study had more
than one organ dysfunction (eg, shock).
An RCT is currently being conducted in Malawi
comparing the use of bubble CPAP and low-flow oxygen
in children with respiratory failure with and without
further organ dysfunctions, including children with HIV
and malnutrition.44
Children who had their treatment initiated in the
emergency zone had a higher survival rate than children treated in the HDU. This difference was not statistically significant. This ‘trend’ is likely to be explained
by a significant selection bias with much sicker patients
being treated in the HDU. The six-bedded HDU was
certainly too small for a paediatric unit with around 20
000 admissions per year. Following rapid identification
further ‘context adapted’ critical care management in a
‘HDU- setting’ is very likely to improve survival chances
of critically ill children.
One child in this study suffered an episode of aspiration. A recent study conducted in Australia showed that
children requiring CPAP did not have an increased risk
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6
(43%; 18% to
71%)

Died

Died

48
(86%; 74% to
94%)
8
(14%; 6% to 26%)

2
(9%; 1% to 28%)

Died

Survived

21
(91%; 72% to
99%)

Survived

3
(43%; 10% to
82%)
4
(57%; 18% to
90%)

10
(50%; 27% to
73%)
10
(50%; 27% to
73%)

1
(50%; 13% to
99%)

1
(50%; 13% to
99%)

7
(78%; 40% to
97%)

10
(45%; 24% to
68%)
12
(55%; 32% to
76%)

8
(57%; 29% to
82%)

6
(43%; 18% to
71%)

0
(0%, 0% to
97.5%)

2
1
(22%; 3% to 60%) (100%; 2.5% to
100%)

7
(78%; 40% to
97%)
2
(22%; 3% to 60%)

2
9
(67%; 9% to 99%) (56%; 30% to
80%)
1
7
(33%; 1% to 91%) (44%; 20% to
70%)

4
(50%; 16% to
82%)
4
(50%; 16% to
82%)

SAM (61% had
MOF)
§
N=28
(% who survived
or died; 95% CI)

20
(65%; 45% to
81%)
11
(35%; 19% to
55%)

5
(29%; 10% to
56%)

12
(71%; 44% to
90%)

15
(47%; 29% to
65%)

9
(60%; 32% to
84%)
6
(40%; 16% to
68%)

25
(45%; 32% to
59%)
30
(55%; 41% to
68%)

3
17
(33%; 7% to 70%) (53%; 35% to
71%)

6
(67%; 30% to
93%)

2
2
6
(50%; 7% to 93%) (67%; 9% to 99%) (86%; 42% to
100%)

10
(36%; 19% to
56%)
18
(64%; 44% to
81%)

4
(50%; 16% to
82%)

4
(50%; 16% to
82%)

10
(83%; 52% to
98%)

2
1
1
2
(50%; 7% to 93%) (33%; 1% to 91%) (14%; 0% to 58%) (17%; 2% to 48%)

6
(60%; 26% to
88%)
4
(40%; 12% to
74%)

MOF‡
Suspected TB,
Signs of shock†; MRDT positive;
>1 organ failure;
N=20
N=22
N=31
Anaemia N=15
N=54
(% who survived (% who survived (% who survived (% who survived (% who survived
or died; 95% CI) or died; 95% CI) or died; 95% CI) or died; 95% CI) or died; 95% CI)

*For explanation of comorbidity and organ failure, see table 2. Please note that 5 of these 19 patients had ‘suspected TB’
†Signs of shock—all three positive signs: weak peripheral and/or central pulses, temperature gradient, delayed capillary refill time.28
‡Organ failure, for example, respiratory failure, shock/impaired circulation, severe anaemia, coma/prolonged convulsion.
§Z-score weight/height<3; MUAC <115 mm; if not height/weight or MUAC available: weight/age z-score < −3.
¶(61%) children with SAM had MOF.
MOF, multiorgan failure; MRDT, malaria rapid diagnostic tests; SAM, severeacute malnutrition; TB, tuberculosis; VSPNA, very severe pneumonia.

Total
(n=117)

HIV status
unknown (n=59)

8
(57%; 29% to
82%)

Survived

HIV exposed or
reactive (n=22)

Died

19
(100%; 82% to
100%)
0
(0%; 0% to 17%)

HIV non-exp. or
Survived
non-reactive (n=36)

Survival

VSPNA, no
comorbidity*,
N=58
(% who survived
or died; 95% CI)

Survival by HIV status and presence of a positive MRDT, signs of shock ±anaemia, MOF and malnutrition

Diagnostic
categories (N)

Table 2
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of aspiration, apnoeas/hypoxic events when managed via
NGT feeding compared with intravenous maintenance
fluids.45 Because of limited monitoring options, we could
not determine if some of the children had episodes of
desaturation associated with NGT feeds. Careful monitoring of maintenance fluids and feeding practices are
important elements to consider in the care of critically ill
children in low-resource settings. We suggest that introduction of enteral feeds in critically ill malnourished and
non-malnourished children managed in low-resource
settings should follow basic principles used in paediatric intensive care. Enteral feeds for malnourished and
non-malnourished children can be introduced gradually
after stabilisation of vital organ functions (eg, stabilisation of respiratory function on O2 or bCPAP, correction
of shock, anaemia and dehydration as well as a phase of
stability of the child’s neurological function, even if still
comatosed) and the absence of contraindications (eg,
abdominal pathologies, large gastric aspirates).
In total, 11/117 children developed nasal prong-associated problems such as obstruction of the nostrils/nasal
prongs (4) or injury of the nasal septum (7). Improved
interfaces can help in this context. Good nursing care
and adequate nurse to patient ratios in a HDU setting
are essential in order to reduce complication rates and
achieve good outcomes in critically ill children treated
with bCPAP. Efficient and sustained training programmes
need to accompany the introduction of bCPAP. Caretakers should be integrated in the care and should be
encouraged to notify any concern regarding the condition of their child or any malfunctioning equipment.
Devices used for bCPAP and other forms of NIV in low
resources need to be of good quality and should undergo
independent biomedical review procedures.46 Biomedical repair and maintenance arrangements need to be
put in place. Infection prevention and control measures
need to be established.
Limitations
Interpretation of results is limited by the basic observational set-up of the study. The small sample size limited
more detailed subgroup analyses. Data quality (eg,
frequency of vital signs monitoring) was affected by
limited human resources and equipment as well as the
extremely high workload. Limited human resources also
contributed to the fact that most, but not all, children
who were managed with bubble CPAP during the study
period were included in the analysis. Some ‘CPAP-runs’
of short duration might have been missed during weekends. However, we do not think that this contributed to
a selection bias, which affected the outcome of the study.
Monitoring of essential elements of critical care
management (eg, fluid management) was also affected
by low health worker to patient ratio. Adequate numbers
of well-trained health workers and basic equipment (eg,
SpO2 monitors) can improve care packages and the
potential positive impact of bCPAP on the outcome of

critically ill patients with respiratory dysfunction. Laboratory tests allowing more detailed evaluation of renal and/
or hepatic dysfunction were not available. This might
have contributed to an underestimation of the number
of children presenting with MOF. Renal dysfunction is an
important parameter determining mortality risk among
critically ill children, including children with severe
Malaria.47–49
Anthropometric measurements were suboptimal in
our survey. In many children, we therefore used weight/
age as a marker of nutritional status.
Conclusion
Despite the limitations of this study, the good outcome of
children with signs of VSPNA suggests that it is feasible
to use bCPAP in the hospital management of critically ill
children in low-resource settings.
BCPAP and other forms of NIV can potentially play an
important role in the improvement of care for critically
ill children with respiratory failure and further organ
dysfunction (eg, shock, severe anaemia) managed in
low-resource settings. Further research is required in this
context. Children with malnutrition and HIV infection
or exposure need particular attention. Different disease
processes like malaria, bacterial sepsis and dengue fever
need to be considered.
The impact on patient outcome of different forms of
NIV should be evaluated. Adapted, good quality equipment with associated maintenance systems is required as
well as adequate numbers of health workers and efficient,
sustained training activities.
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