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Innovacion Tecnolagica de La Oxigenoterapia En El Sistema Nacional de Salud Durante La COVID-19: Informe de Experiencia

RESUMO

A escassez de respiradores hospitalares durante a pandemia de COVID-19 comprometeu o atendimento de pacientes
graves no Sistema Unico de Salde (SUS). Este relato de experiéncia descreve o desenvolvimento de uma tecnologia
inovadora para oxigenoterapia, criada por um grupo interdisciplinar que atua na perspectiva do ensino-em-servico.
Foram produzidos 140 prototipos do “Conector Nasal de Alto Fluxo (CNAF) adaptado” por impressao 3D, com custo
unitario de R$510,00. O dispositivo gerou um fluxo de 15 L/min de oxigénio, com possibilidade de ampliacao para
30 L/min por um acréscimo de R$100,00. Sistemas comerciais completos de alto fluxo de oxigénio podem atingir
R$25.000,00. A solucdo desenvolvida reduziu significativamente os custos e ampliou o acesso a oxigenoterapia no
SUS, demonstrando o potencial da inovagao tecnologica para otimizar recursos e melhorar a assisténcia em satde.
PALAVRAS-CHAVE: Respiracao Artificial; Tecnologia biomédica; Praticas Interdisciplinares; Acesso a salde; Custos
hospitalares.

ABSTRACT

The shortage of hospital ventilators during the COVID-19 pandemic has compromised the care of critically ill patients
in the Brazilian Unified Health System (SUS). This experience report describes the development of an innovative te-
chnology for oxygen therapy, created by an interdisciplinary group that works from the perspective of in-service tea-
ching. 140 prototypes of the "adapted High Flow Nasal Connector (CNAF)" were produced by 3D printing, with a unit
cost of R$510.00. The device generated a flow of 15 L/min of oxygen, with the possibility of expanding to 30 L/min for
an additional R$100.00. Complete commercial high-flow oxygen systems can cost up to R$25,000.00. The developed
solution significantly reduced costs and expanded access to oxygen therapy in the SUS, demonstrating the potential
of technological innovation to optimize resources and improve health care.

KEYWORDS: Artificial Respiration; Biomedical technology; Interdisciplinary practices; Access to health; Hospital costs.

RESUMEN

La escasez de respiradores hospitalarios durante la pandemia de COVID-19 comprometio la atencién a pacientes
criticos en el Sistema Unico de Salud (SUS). Este informe de experiencia describe el desarrollo de una tecnologia inno-
vadora para la oxigenoterapia, creada por un grupo interdisciplinario que trabaja desde la perspectiva de la docencia
en servicio. Se produjeron 140 prototipos del “Conector Nasal de Alto Flujo adaptado (CNAF)” mediante impresién 3D,
con un costo unitario de R$ 510,00. El dispositivo genera un flujo de 15 L/min de oxigeno, con posibilidad de ampliar a
30 L/min por R$ 100,00 adicionales. Los sistemas completos de oxigeno comercial de alto flujo pueden costar hasta
R$ 25.000,00. La solucién desarrollada redujo significativamente costos y amplio el acceso a la oxigenoterapia en el
SUS, demostrando el potencial de la innovacion tecnologica para optimizar recursos y mejorar la atencion de salud.
PALABRAS CLAVE: Respiracion Artificial; Tecnologia biomédica; Practicas interdisciplinarias; Acceso a la salud; Costos
hospitalarios.
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n Brazil, the rapid increase in

COVID-19 cases and the growing

demand for hospitalizations for re-
spiratory support have tested the re-
silience of the Unified Health System
(SUS), revealing a deficit in the supply
of medical and hospital equipment
and supplies, such as artificial respira-
tors, oxygen and medicines. This sit-
uation revealed weaknesses that com-
promised the SUS's ability to absorb
the impact of the crisis and adapt to
it, especially in relation to the acqui-
sition and production of these materi-
als, contributing to the exhaustion of
the system.'

As a consequence, there was a lack
of oxygen and mechanical ventilators
in Intensive Care Units (ICUs), which
resulted in an alarming increase in
mortality due to respiratory failure.

Given the shortage of equipment and
rising costs, the need to implement
adaptive strategies to ensure adequate
care for patients became evident. It
was in this context that healthcare
professionals on the front lines of the
pandemic sought innovative strategies
to address this problem that required
a rapid response. Thus, an initiative
was created by a university hospital to
create a device that was capable of in-
creasing oxygen supply: the “adapted
HENC?”. This feat sought to mitigate
damage in an atypical scenario and
contribute to the resilience of an over-
burdened healthcare system.

Oxygen (O:) supplementation is an
intervention widely used in the man-
agement of acute hypoxemia and can
be performed through nasal devices.
Low-Flow Nasal Catheters are open
systems in which air leaks from the
oxygen source, providing 4 to 6 liters
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of O: per minute, corresponding to an
inspired oxygen fraction (FiO2) of 37
to 45%. These are safe devices whose
most frequent complication is drying
of the nasal mucosa, which in some
cases can lead to local bleeding. There-
fore, it is an option indicated for mild
hypoxemia without prolonged use.?

High Flow Nasal Catheters are sys-
tems capable of delivering an FiO: of
up to 100% of moistened and heated
air with a flow of up to 60 liters per
minute *, making it an interesting op-
tion for the treatment of severe acute
ventilatory dysfunction. > Among
its benefits are shorter mechanical
ventilation time, reduced mortality,
reduced risk of ICU admission and
lower reintubation rate in acute respi-
ratory failure. ¢78

Although Brazil has significant pur-
chasing power and has universities and
companies with scientific potential, it
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still has a strong technological depen-
dence on equipment from abroad. The
country does not have its own produc-
tion of various medical materials and
the headquarters of multinational cor-
porations are located abroad, as is the
industrial production of their prod-
ucts. > Thus, in calamitous situations,
there is a shortage of resources and
difficulties in importing and emergen-
cy purchasing, as the countries that
host large industries also need these
technologies. Added to this is the fact
that during the COVID-19 pandem-
ic, the flow of goods was reduced due
to the closure of activities at ports and
airports.

Therefore, it is imperative that re-
search institutions direct their efforts
towards the field of technology and
innovation, in order to restructure
themselves and develop new approach-
es in times of crisis. Otherwise, the
SUS will be vulnerable to the dynam-
ics of international companies. Health
services, especially those linked to uni-
versities and research centers, cannot
remain oblivious to the challenge of
innovation, given the current global
scenario marked by armed conflicts
and a sudden increase in extreme
weather events . In this sense, this re-
port aims to describe the experience of
developing an innovative technology
used in the oxygen therapy of patients
with COVID-19 that was developed
by an interdisciplinary team based
on in-service teaching activities. This
technology demonstrated cost-effec-
tiveness and contributed to strength-
ening the healthcare network.

This is an experience report and
therefore has a retrospective nature,
with a descriptive and exploratory doc-
umentary focus. The narrative covers
the period from January to December
2021 and was based on the following
documents: “development project”;
“invention declaration - protocol No.

15337 sandecoletiva = 2025;(15) N.94

API 02197 “standard operating pro-
cedure” and “work instruction” of the
adapted HFNC. All these documents
were prepared by professors and pro-
fessionals linked to Hospital Sio Lu-
cas (HSL), Escola Politécnica and
Parque Cientifico ¢ Tecnolégico (Tec-
noPUC) of the Pontifical Catholic
University of Rio Grande do Sul (PU-
CRS). Additionally, information was
consulted on websites of medical and
hospital equipment companies, the
National Health Surveillance Agency,
the Ministry of Health and the World
Health Organization.

Regarding the description of the
scenarios in which the adapted HFNC
was developed, HSL is a philanthrop-
ic university hospital, considered a
hub for both health care and teaching
and research, with participation in
studies of national and internation-
al relevance, such as the tests of the
Coronavac® vaccine and the first vac-
cine against dengue fever that will be
distributed by the SUS by 2025. 11
TecnoPUC is home to around 178 or-
ganizations, including the Polytechnic
School and the FabLab laboratory of
the Center for Support to Scientif-
ic and Technological Development
(IDEIA/TecnoPUC). This infrastruc-
ture allows for the articulation of nu-
merous companies and startups, con-
necting experts from Brazil to provide
services and technical support, and
promoting the development of tech-
nological innovations.'?

This report will not focus on clin-
ical results, but will emphasize the
intellectual and material aspects that
were fundamental to the development
of an innovative technology. Howev-
er, to illustrate the practical applica-
tion, it is relevant to mention that the
adapted HFNC was used in approxi-
mately 235 patients over 18 years of
age admitted to the HSL ICU, all with
acute respiratory distress syndrome

related to COVID-19. Subsequently,
the device was used in other patients
in seven philanthropic hospitals, most
of them located in Rio Grande do Sul.
The study that allowed the use of the
adapted HFNC in humans was ap-
proved by the Research Ethics Com-
mittee (CEP) of PUCRS, under Pro-
tocol No. 4,592,176.

Focusing on the narrative about the
development of the adapted HFNC,
in 2021, during the pandemic, there
was a commercial high-flow Oz system,
recognized for its excellent clinical
performance, which was only available
in private hospitals, since it is a tech-
nology not incorporated into the SUS.
Given this access barrier and the grow-
ing need to offer greater oxygen flows
to COVID-19 patients in the ICU, it
was proposed to make adjustments to
the commercial model, with the aim of
making it accessible on a large scale for
patients hospitalized in the SUS.

At this point, the fundamental role
of in-service teaching is highlighted as
an integral part of the results, since the
initiative was conceived by a professor,
preceptor and head of service, who
was intrinsically committed to provid-
ing hospital care to patients and train-
ing health professionals. Therefore, it
is clear that the search for a financially
sustainable and clinically effective al-
ternative was the result of his involve-
ment in teaching and doing.

Next, to make the development of
the prototype viable, partnerships,
means and resources were sought
within the university ecosystem. This
stage was facilitated by the collabora-
tion between health care and clinical
research carried out at the hospital, to-
gether with the development of tech-
nologies at the Polytechnic School/
TecnoPUC. Several professionals were
involved in creating the prototype,
including engineers, doctors, physio-
therapists, nurses, nursing technicians
and legal support staff.

Thanks to interdisciplinary efforts,
the adapted HFNC was developed as

DOI: https:/doi.org/10.36489/saudecoletiva.2025v15i94p15329-15340 @ ®
Todo o conteldo desse periddico, exceto onde esta identificado, esta licenciado sob uma Licenga Creative Commons La—E—



Reinheimer IC, Raffin LL, Bernd LL, Wolffenbittel APM, Silva LR, Baron MV, Escouto DC, Xavier LL, Poli-de-Figueiredo CE, Gadonski G
Technological Innovation Of Oxygen Therapy In The National Health System During COVID-19: Experience Report

a 3D printed part in the FabLab lab-
oratory of IDEIA/Tecnopuc. The
material used was Polyethylene Tere-
phthalate Glycol (PETG), a white
thermoplastic polymer that stands
out for its flexibility, durability and
toughness. PETG is a recyclable ma-
terial, produced by adding CHDM
(1,4 cyclohexanedimethanol) to PET
(Polyethyl Terephthalate). Due to its
resistance, this plastic is widely used in
prosthetic projects, for example. '
The HFNC, produced from PETG,
is smaller than the palm of an adult
hand and weighs approximately 20
grams. The time required to print each
part is 1 hour and 50 minutes, using
the Ender 3° 3D printer (Shenzhen,
China), which operates with the fused
deposition modeling (FDM) process.
During printing, a PETG thread is de-
posited by a heated extruder, where the
plastic becomes malleable enough to

During the pandemic, 120 proto-
types of the adapted HFNC were pro-
duced. To formulate the cost estimate
calculation, aspects related to the devel-

be applied precisely by the print head,
layer by layer, in the printing area, re-
sulting in the final 3D part. The ex-
trusion temperature of the material,
which corresponds to the temperature
of the 3D printer nozzle where the fil-
ament is heated and melted, is 235 °C.

The adapted HFNC works as an
O: and compressed air mixer in High
Flow Systems. Its configuration and
measurements are shown in Figure 1.
It has two inlets, one for air and the
other for Oz, coupled to two flowme-
ters with a capacity of ° L/minute that
lead to a single outlet, where the Air +
O are mixed.

opment of the project (R$447.66) and
the resources required for manufactur-
ing (R$62.33 per part) were consid-
ered, totaling R$509.99 per unit. De-

Table 1: Production cost per piece in reais

Technician | Technical | Machine | Machine | Material | Material
‘ TOTAL
ours cost hours cost grams cost
. R$ R$
Project cost 3 14922 447,66
Cost per 033 R$ 183 R$189 | 1267 | R$0,76 R$
piece ' 149,22 ' ‘ ' ' 6228

Experience Report

Figure 1: Internal and external view
of the device and measurements in
millimeters (mm).

tailed information on this is presented
in Table 1 and cost projections for scale
production are shown in Table 2.

Table 2: Cost projection in reais for

large-scale production of the adapted
HFNC.

Units Cost (R$)
1 509,99
10 1.070,97
100 6.680,71
1.000 62.778,16
10.000 623.752,66

Note: The design cost is unique and is added
only once to the production calculations. The lat-
ter, in turn, is multiplied by the number of parts.

Considering its composition (PETG)
and purpose (Air + Oz mixer), the adapt-
ed HFNC is considered a waste that does
not present a biological, chemical or ra-
diological risk to health or the environ-

ment. In other words, it can be sent for
reuse, recovery, recycling, composting, re-
verse logistics or energy recovery, as long
as it is described in the waste management
plan. '

To assemble and use the adapted
HEFNC in the ICU, the interdisciplinary
team developed a Standard Operating
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Procedure and a Work Instruction that
provide detailed guidance on the process
of operating this technology. In addition,
a Platform was created to help doctors
and physiotherapists adjust the flowme-
ter according to the specific needs of each
patient. It allows determining the desired
total flow and FiO», providing the values
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that should be adjusted in the compressed
air and O: flowmeters, thus ensuring pre-
cise and personalized care.

The concept of innovation refers to the
introduction of goods or services that are
new or that present signiﬁcant improve-
ments in relation to existing ones. '*> The
adapted HFNC, as its name suggests,
is a modification of an existing piece of
equipment that was previously inaccessi-
ble to SUS hospitals, especially during the
COVID-19 pandemic, when the demand
for this type of device increased consider-
ably. Therefore, it is essential that accessi-
bility to technological devices be consid-
ered a central aspect of the innovation
process in SUS, in order to expand the sys-
tem's capacity to offer effective responses
in emergency situations.

IN-SERVICE TEACHING AND INTER-
DISCIPLINARITY.

In this report, the need to make tech-
nology accessible is deeply linked to
in-service teaching and interdisciplinari-
ty. The latter is considered a fundamental
characteristic of the health innovation
system. The development of new tech-
nologies requires the collaboration of
several professionals, including physicists,
electronic engineers, materials specialists,
designers, among others, and therefore
requires a robust structure, with a high de-
gree of interaction and interdisciplinarity.
'¢17In this context, university ecosystems
(undergraduate and postgraduate courses
and teaching hospitals) play a crucial role
in the design, development, implementa-
tion, sharing and evaluation of technolog-
ical innovations.

In addition, in-service teaching, as a
training process that is integrated into the
daily routine of services, promotes learn-
ing based on collaboration, articulation
and integration between educational and
health institutions ** This provides a fer-
tile scenario for technological innovation
aimed at the needs of the SUS. As a result,
it is observed that the quality of health

15339 sandecoletiva = 2025;(15) N.94

care is directly related to professional
training that provides effective technolo-
gies to serve the population. Thus, in order
to generate knowledge and promote scien-
tific and technological advances that im-
pact the provision of health services, it is
essential to train new professional profiles
shaped by the perspective of in-service
teaching.

PROTOTYPE AND COST-UTILITY.

Commercial high-flow systems are rel-
atively simple and consist of three main
components: flow generator, humidifier,
and nasal cannula. The O: flow genera-
tor can be classified as a mixer, turbine, or
venturi. This component accounts for the
largest share of the total cost of the system.
The oxygen humidifier used is the same as
that found in other clinical ventilation
devices. And the nasal cannula consists
of two high-flow tubes, known as prongs,
that connect at both ends. It is a low-cost
component, intended for single use and
is generally non-reusable. ****"** In Brazil,
the prices of the main complete systems
that offer a flow of 60 L/minute of oxygen
range from R$14,000 to R$25,000.

The part printed in the IDEIA/Tec-
nopuc FabLab (adapted HFNC) can be
integrated into the oxygen supplementa-
tion structure already in place in hospitals,
eliminating the need for a flow generator.
The prototype developed at PUCRS cost
R$509.99 and was able to generate a flow
of 15 L/minute, which is already consid-
ered a high flow of O2. However, it is pos-
sible to increase this capacity by attaching
a 30 L/minute flowmeter, which would
result in an increase of approximately
R$100.00 per manufactured unit. There-
fore, the cost of the adapted HFNC with
a flow of 30 L/minute would be approxi-
mately R$610.00.

The humidifier used in the adapted
HFNC can come from several clinical
ventilation devices. Therefore, the only
component that needs to be purchased
is the high-flow nasal cannula. Currently,
there is a national option that is autoclav-
able (can be reused up to 30 times) that
costs R$345.00. Considering this possi-

bility, the total price of the complete sys-
tem using the adapted HFNC would be
R$955.00 for the hospital. This would
generate savings of between R$13,000
and R$24,000 compared to the complete
systems available on the Brazilian market.

In terms of operation, the high-flow ox-
ygen system provides positive expiratory
pressure, which helps prevent air recircu-
lation and reduce dead anatomical space.
By offering high levels of oxygen and
greater comfort compared to other ven-
tilation devices, it becomes an excellent
option for the treatment of severe acute
ventilatory dysfunction.® A retrospective
study conducted in the United Kingdom,
published in 2022, analyzed patients hos-
pitalized with COVID-19 in the public
health system and revealed that the high-
flow oxygen system was able to provide a
53% survival rate in situations with limit-
ed organ support. In addition, this system
was used as a safe tool to provide respirato-
Iy support to patients in outpatient units,
helping to alleviate the burden on ICUs.*

LIMITATIONS

The main limitations of using the
adapted HENC are related to the avail-
ability of oxygen in healthcare institu-
tions. The device can operate with flows
of up to 30 L/min, corresponding to
half the capacity of commercial systems.
Therefore, in places with difficulties in
the supply of O,, its implementation may
face operational restrictions, although on
a smaller scale than conventional devices.
In addition, the use of the adapted HFNC
requires the presence of trained physio-
therapists for its indication, installation,
monitoring and adequate management.
As support material, the Standard Oper-
ating Procedures, Work Instructions and
the Platform were prepared to meet the
technical needs. Finally, tests have not yet
been carried out to determine the durabil-
ity of the piece in clinical practice, and the
therapeutic results of the device are being
evaluated in ongoing studies, which al-
rcady indicate promising prospects.
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The shortage of oxygen therapy equip-
ment during the COVID-19 pandemic
highlighted the need for innovative and
affordable solutions to strengthen the
SUS. This report demonstrated that 3D
printing can enable the development of
low-cost devices, allowing for increased
access to oxygen therapy in a crisis scenar-
io. The interdisciplinary initiative focused
on in-service teaching proved effective in
creating a viable and economically sustain-
able alternative.

In addition to cost reduction, the expe-
rience highlights the potential of univer-
sities and research centers in generating
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