
Novel Approach for Providing Pediatric Continuous
Positive Airway Pressure Devices in Low-Income,
Underresourced Regions

To the Editor:

According to recently released World Health Organization data on
mortality, in 2015 there were 5.9 million deaths among children
under the age of 5 years, and 2.7 million occurred in the neonatal
period (1). Globally, pneumonia was the leading cause of under-5
deaths, particularly in sub-Saharan Africa countries, where the
decrease in child mortality from pneumonia from 2010 to 2015 was
reduced compared with the already modest 6% observed globally
(1). Although improvements in survival are directly linked to
socioeconomic progress and concurrent improvements in
healthcare systems in low-income settings, premature deaths
among children can be prevented with access to simple and
affordable interventions. In the case of preterm birth (2) and
pediatric respiratory diseases (3), a particularly effective treatment
is continuous positive airway pressure (CPAP), in particular bubble
CPAP (4), with demonstrated efficacy in low-income countries
(LICs) (5, 6). The simplest and cheapest way to provide CPAP is to
use the central gas pressure source in a hospital, and as such,
hospitals would seem to be the most suitable setting in LICs.
Nevertheless, because the number of hospitals in LICs with central
gas supply facilities is exceedingly low, CPAP is usually restricted
to private medical facilities in urban settings and therefore is
unavailable to the majority of the population receiving care in
extremely underserviced regional hospitals and rural healthcare
sites. Hence, readily extending potential CPAP treatment relies on
the provision of stand-alone devices incorporating autonomous gas
pressure sources.

There are three potential options to provide healthcare centers
in LICs with the CPAP devices they cannot afford:

1. Philanthropic donation of conventional devices. This option
is expensive and has low effectiveness because 50% of donated
equipment becomes unusable or remains unused, mainly due
to lack of training in maintenance and inability to obtain spare
parts (7).

2. Provision of devices that do not include lesser-value “luxury”
features included in conventional devices and are specifically
designed for LICs (8, 9). This option may facilitate donations to
and purchases by hospitals in LICs. Nevertheless, regardless of
efforts to minimize costs, any conventional commercial process,
even on a nonprofit basis, results in device pricing that is still
unaffordable in most LIC healthcare settings.

3. Construction and donation of custom-made devices (10, 11).
This approach is hardly sustainable because it requires
long-term commitments to ensure appropriate maintenance of
the devices.

Regardless of their drawbacks, all of these approaches are valuable
and should be promoted as much as possible considering the critical
health needs in LICs. However, alternative procedures that would
enable wide-scale availability of pediatric CPAP devices are
warranted.

In this context, we herein describe a novel approach based
on collaborative cocreation and design thinking (12), involving
a civil engineering university team in Mozambique, initially
unexperienced in CPAP, and a Western team with expertise in the
technology and clinical application of this therapy. The key point of
this inclusive innovation approach, which makes it original as
compared with other proposals, is that it moves the design focus
from high-income countries to LICs (13). Specifically, the aim
was to produce a high-performing, stand-alone CPAP device
setting that the team in Mozambique could autonomously build
and further maintain at very low cost while using off-the-shelf
components that are easy to acquire via e-commerce (Figure 1A).
We implemented this novel system according to the conventional
concept of bubble CPAP (10, 14). Specifically, room air flow
generated by a domestic aquarium air pump was fed into a low-
cost acrylic rotameter. The outlet of this rotameter was connected
to the outlet of an identical one with its inlet potentially
connected to an oxygen source. Regulating gas flow in both
rotameters allowed us to set up an air-oxygen mixture (0–10
L/min range) at the desired concentration of oxygen, which
was fed into a closed receptacle containing water, and a
submerged stainless-steel heater/controller for a domestic
aquarium. The conditioned air was fed into conventional
flexible tubing connected to one inlet of newborn nasal
prongs. The nasal-prong inlet was connected to similar
conventional tubing, which was ended by a rigid tube with a
multiorifice piece. CPAP was set by adequately submerging
this piece in an open receptacle with water. To provide
robustness, the whole setting, including a low-cost automatic
power switch (220-VAC/12-VCC), was assembled within a
box (283 203 24 cm) including the required electrical and
gas connections.

The performance of the CPAP setting was tested in the bench
under well-controlled conditions by connecting the newborn nasal
prongs to a patient simulator that was able to reproduce the
conventional pediatric VTs and frequencies (15). Figure 1B shows
real-time recordings of the pressures achieved at the nasal prongs
for CPAP settings of 6 and 10 cm H2O when the simulated
newborn was breathing at 55 breaths/min with a VT of 20 ml.
Nasal pressures were stable when compared with other reported
bubble CPAP devices (10, 11), in terms of both noise induced by
bubbling and fluctuations caused by breathing oscillations.
Consistent results emerged when breathing of a 10-kg body
weight infant (35 breaths/min, 100 ml VT) was simulated
through nasal prongs of the corresponding size. It is important
to note that our setting included heated humidification, which
was not included in other reports (10, 11), because it could be
relevant particularly among premature and full-term infants.
However, depending on the specific application, this component
can be eliminated. Also, the setting can be simplified if it is used
in healthcare centers without oxygen availability (the majority of
which are found in rural areas) because one of the rotameters
can be excluded, still providing a realistically feasible rescue
CPAP setting. Interestingly, the retail cost of components
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(<$100) should be further reduced in case of wholesale
acquisition. We should point out that our proposed CPAP
setting uses components that are not designed and
commercialized for medical use, and therefore have not
undergone medical device regulatory approval. However, the
current solution is not intended to replace approved medical
devices if such are available, but rather to give patients access to
treatment in situations in which the alternative would be to
simply leave the patient unattended, along with the inherent
potentially devastating consequences. Our proposed system
application de facto complies with conditions similar to those
conventionally agreed upon for compassionate use (life-
threatening disease, no other treatment option, and potential
benefit justifying potential risks). Obviously, eventual safety
issues would have to be discussed and agreed upon by the
healthcare team while considering pertinent ethical criteria as
applicable to each individual instance.

In conclusion, we have effectively implemented a collaborative
procedure for health technology transfer to a team in LICs, enabling
autonomous construction and maintenance, thereby facilitating
adequate provision of pediatric CPAP settings in markedly
underserved regions. The approach is based on a concept that is
usually overlooked when providing health technology support,
namely, to empower the final users in LICs to fully control the
procedure and adapt it to the specific local conditions. The low-cost
and geographical distribution facilities currently provided by
e-commerce are also cardinal features of our approach because
they facilitate end-user access and the flexibility to adapt and
update the components in response to market availability.
Importantly, the approach described here does not exclude
continued support and advice from experienced teams regionally
or internationally in higher-resource settings. In addition, it
provides opportunities for more cost-effective philanthropic
donations (in cash or components) aimed at reducing the
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Figure 1. (A) Diagram of the continuous positive airway pressure (CPAP) setting, including its basic components: a domestic aquarium air pump (Hailea V-20;
15W; .300 cm H2O; 20 L/min, 2.5 kg; 2303 1853 180 mm), low-cost rotameters (CNBTR LZQ-6 0-10LPM; 653 223 90 mm) with precision flow
delivery within 60.2 L/min when compared with a reference Fleisch pneumotachograph, and a domestic aquarium water heater/controller (RS Electrical
RS-139; 25W; 22.5 cm length) providing up to 10 L/min output air at 368C from room air at 208C. The retail sale cost by internet of these three
components was $60, $15, and $10, respectively. (B) Nasal pressures actually applied at the newborn nasal prongs by the novel device for CPAP settings
of 6 and 10 cm H2O. The simulated newborn infant was breathing with a VT of 20 ml and frequency of 55 breaths/min while 8 L/min of humidified heated
airflow circulated through the circuit.
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overwhelming child mortality caused by respiratory diseases in
LICs. n
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Frightening and Traumatic Memories Early after
Intensive Care Discharge

To the Editor:

Anxiety, depression, and post-traumatic stress are prevalent among
ICU survivors, can persist long-term, and are associated with low
quality of life (1). Risk factors include frightening and delusional
memories of ICU stay, especially for long-term post-traumatic
stress (2, 3). Frightening memories could relate to ICU stress; for
example, from pain, anxiety, and dreams. Delusional memories
may originate from hallucinations and periods of delirium. These
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