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ELMO 1.0: a helmet interface for CPAP and
high-flow oxygen delivery
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TO THE EDITOR:

A few months after the description of the first case of
COVID-19 in China, the disease became a pandemic.
More than 50 million people have been infected with
SARS-CoV-2, and more than 1 million deaths have been
confirmed worldwide.™® The number of COVID-19 cases
in Brazil has been high, Brazil ranking third among the
countries with the highest death toll®; with no immediate
resolution in sight, there is a possibility of a second wave
of infection, which several countries are currently facing.®®

Infection with SARS-CoV-2 causes COVID-19, the
clinical spectrum of which ranges from no symptoms
to flu-like symptoms such as fever, fatigue, dry cough,
and dyspnea.® Although most cases progress favorably,
15-20% of patients develop severe forms of COVID-19
(including ARDS), requiring ventilatory support. In a
case series of hospitalized patients with COVID-19 in
the USA, 14% required admission to the ICU, and those
who required mechanical ventilation had high mortality
rates (88.1%).

The management of COVID-19-related respiratory failure
is quite challenging. First, although noninvasive ventilation
can prevent endotracheal intubation and its complications,
the high flow rates increase the risk of aerosolization and
the spread of the virus, therefore increasing the rate of
infection in health professionals.® Second, the number of
ICU beds available in the beginning of the pandemic was
lower than the total number of infected patients requiring
noninvasive ventilation.” Third, ventilator manufacturers
worldwide were unable to meet the surge in demand. The
spectrum of COVID-19 presentation includes moderate
to severe ARDS, which has the highest rates of morbidity
and mortality and is the most challenging with regard to
managing ventilatory support.

In this context, a helmet interface—a transparent hood
that covers the entire head of the patient, with a soft
collar neck seal—allows safe and comfortable delivery
of positive airway pressure to patients with moderate
to severe acute respiratory failure, potentially reducing
intubation rates.”® Under the coordination of the Escola de
Saude Publica do Ceard Paulo Marcelo Martins Rodrigues,
located in the city of Fortaleza, Brazil, a public-private
partnership was established among research funding
agencies, universities, and sectors of the industry in the
state of Ceara, forming a multidisciplinary task force to
develop the first helmet interface manufactured in Brazil.
The device was developed in record time (three months)

and was designated ELMO 1.0 (e/mo being a Portuguese
word for helmet), being patented in Brazil (BR 20 2020
014212 2; ANVISA no. 82072609001).

The ELMO 1.0 was based on similar devices in the
literature®'9 and consists of a transparent nontoxic
autoclavable PVC hood (height, 270 mm; diameter, 290
mm) and a silicone rubber collar neck seal attached to
a polypropylene ring. The hood has a posterosuperior
inhalation port (inlet) and a contralateral anteroinferior
exhalation port (outlet). The silicone rubber collar neck
seal can be adjusted to fit different neck circumferences.
The ELMO 1.0 is a noninvasive ventilation device that
prevents air leaks and droplet dispersion, as well as
delivering CPAP as high as 10-15 cmH,0, being particularly
interesting for use in COVID-19 patients requiring oxygen
therapy (Figure 1).

Nine prototypes were developed. For quality and patient
risk assessment, usability tests were performed with six
health professionals (two physicians, two physiotherapists,
and two nurses) with experience in mechanical ventilation
and four healthy volunteers (one woman and three men;
mean age, 38.5 years; range, 24.0-51.5 years).

All usability tests were performed in a technological
innovation laboratory designed specifically for the present
study. In the laboratory, the health professionals watched
an instructional video on how to assemble the system and
performed tasks aimed at identifying potential problems
when using the ELMO 1.0. They were asked to do the
following: 1) check the patient neck circumference; 2)
recognize, assemble, and check the ELMO 1.0; 3) place
the ELMO 1.0 interface on the patient; 4) initiate delivery
of CPAP and oxygen therapy; 5) check the pressure inside
the ELMO 1.0 interface by using an analog cuff manometer
and a CPAP setting of 10 cmH,0O; 6) give water to a patient
receiving helmet noninvasive ventilation with the ELMO
1.0; 7) change the position of the patient; and 8) remove
the ELMO 1.0 interface. The problems identified by the
health professionals were classified as follows: a) minor
problems—problems requiring no immediate changes;
b) intermediate problems—problems requiring changes,
albeit not immediately; and c) major problems—problems
requiring immediate changes.

A total of 22 problems were reported, with suggestions
regarding connections for inhaled and exhaled gas flow,
access to the patient, and instructions in the manual,
as well as other suggestions that were incorporated into
the final prototype, which is presented here. The time
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to perform each task was measured, assembling and
checking the ELMO 1.0 being the task that took the
longest to complete (7.0 £ 2.0 min).

After the usability tests were completed, a visual
analog scale was used in order to assess interface
comfort, ranging from zero (uncomfortable) to 10
(comfortable). The median score was 8.5 (range, 7.0-
9.0). Volunteers used the ELMO 1.0 for a mean time of
47.5 min (range, 41.2-57.5 min), during which minimal
adverse effects were observed, including hyperemia in
the posterior cervical region (in 1 participant), without
the need for discontinuation or additional measures.

After approval of the final prototype, we tested
the ELMO 1.0 noise level and pressure (CPAP), the
former ranging from 45 dB to 65 dB and the latter
ranging from 12 cmH,0 to 13 cmH,0. Carbon dioxide
rebreathing was assessed by sidestream capnography
with a standard nasal cannula and a gas mixture at
different flow rates (30 L/min, 40 L/min, 50 L/min,
and 60 L/min) for inspired carbon dioxide tension
(PiCO,) measurement. Flow rates greater than 40 L/
min resulted in a PiCO, of 0-1 mmHg, whereas a flow
rate of 30 L/min resulted in a PiCO, of 2-5 mmHg.
A higher flow rate translated to a lower likelihood of
carbon dioxide rebreathing, a finding that is consistent
with the literature.*®

In a short period of time, we have developed a
new helmet interface for comfortable CPAP delivery
through a gas mixture (oxygen and compressed air),
with minimal adverse effects, effective positive airway
pressure, an effective seal, and a reduced risk of carbon
dioxide rebreathing. The ELMO 1.0 is a device that can
be used in clinical tests to provide ventilatory support
for patients with acute hypoxemic respiratory failure
secondary to COVID-19 or other causes.
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