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3. Place of the Study/Institution(s): Department of Medicine, Dhaka Medical
College Hospital (DMCH), Dhaka, Bangladesh.

4. Title of Study: Safety and Efficacy Evaluation of a low-cost CPAP device for
hypoxemic COVID-19 patients: A Pilot Study

Type of Study: Prospective, Interventional study.

Duration of Study: 3 months
Total Cost: Tk. 10,00,000/-
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Circle the appropriate answer to each of the following
(If not Applicable write NA)

1. Source of Population:

(a) TLL Participant No

(b) Non ILL Participant Yes

(c) Minors or persons Yes
under guardianship

2. Does the study involve?

4. Are subjects clearly informed

(a) Physical risks No

To the subjects

(b) Social Risks Yes

(c) Psychological Yes
Risks to subjects

(d) Discomfort to No

Subjects
(e) Invasion of the body Yes

(f) Invasion of Privacy Yes

(g) Disclosure of Yes
Information damaging to
Subject or others

3. Does the study involve?

(a) Use of records,
(Hospital, medical,
Death, birth or other)

(b) Use of fetal tissue  Yes
Or abortus

(¢) Use of organs or Yes
Body fluids

No

about?

(a) Nature and No

purposes of study

(b) Procedures to be No

followed including
alternatives used

(c) Physical risks No

(d) Private questions  N/A

(e) Invasion of the N/A
Body

(f) Benefits to be No
Derived

(g) Right to refuse No

to participate or
to withdraw from study

(h) Confidential No

handling of data

(1) Compensation N/A
where there are risks or
loss of working time or
privacy is involved in
any particular procedure

5. Will signed consent
form/verbal consent be required?

(a) From Subjects No

(b) From parent or N/A
guardian (if subjects

are minors)

6. Will precautions be No

taken to protect
anonymity of subjects
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Note: If the final instrument / questionnaire is not completed prior to
review, the following information should be included in the abstract.

1. A description of the areas to be covered in the questionnaire or interview
which could be considered either sensitive or which would constitute an
invasion of privacy.

2. Examples of the type of specific question to be asked in the sensitive
areas.
3. An indication as to whom the questionnaire will be presented to the

committee for review.

We agree to obtain approval of the Ethical Review Committee for any
changes involving the rights and welfare of subjects or any changes of the
Methodology before making any such changes.
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ANNEXURE - C

e Project Title: Safety and Efficacy Evaluation of a low-cost CPAP device
for hypoxemic COVID-19 patients: A Pilot Study

e« Summary: The aim of this study is to evaluate the preliminary safety and
performance of a low-cost locally-made Venturi-based Non-invasive
Positive Pressure Ventilator (NIPPV) device for hypoxemic COVID-19
patients. The device administers Continuous Positive Airway Pressure
(CPAP) therapy using the jet-mixing or Venturi effect to increase the
volume flow rate of oxygenated air from a pressurized cylinder by
entraining the atmospheric air. To provide CPAP therapy, this high flow of
oxygenated air is delivered to the patient via a low-cost non-vented mask
with a tight seal with a High-Efficiency Particulate Air (HEPA) filter
connected to the exhalation limb. The tight seal and HEPA filter ensures a
minimal risk of aerosol generation and thus the device can be used without
a negative pressure room. The system consists of the developed Venturi-
based flow-generator, a standard 22mm breathing tube, a standard Y-
connector, a non-vented CPAP mask (e.g., snorkel mask, helmet), a HEPA
filter, and a Positive End Expiratory Pressure (PEEP) valve. The bench-top
testing of the device is done in the laboratories of BUET and was verified
that the device performs within the CPAP guidelines provided by the
Medicines and Healthcare products Regulatory Agency (MHRA), UK. This
study aims to assess the safety of and efficacy of the device in three different
steps: (1) design validation, (2) clinical feasibility and (3) pilot clinical trial
for safety and efficacy evaluation. Only if the device successfully passes the
parts 1 and 2, we will proceed to the final clinical trial in step 3. In this
final step, we aim to conduct a randomized controlled trial (RCT) evaluating
for non-inferiority of the CPAP intervention compared to standard HFNO
treatment. The number of ventilator-free days will be used as the primary
outcome for efficacy, while patient recovery, death, or need of intubation
and other adverse events will be used as secondary outcomes.

e Introduction:

The coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has been devastating to
our communities worldwide. In Bangladesh, the first confirmed case of the
virus was found in March 2020. According to the World Health
Organization!, most COVID-19 patients have uncomplicated or mild illness
(81%), while some develop severe illness requiring hospitalization and
oxygen therapy (14%). Finally, about 5% of patients become critically
requiring ICU admission and possibly mechanical ventilation. COVID-19
primarily affects the respiratory system, while severe cases may lead to
acute respiratory failurel, requiring oxygen therapy. According to WHO



guidelines, supplemental oxygen therapy should be administered to any
patient showing emergency signs or having SpO2 < 90%. Oxygen delivery
devices can be progressively used in the following order: nasal cannula (up
to 5 L/min), Venturi mask (6—10 L/min), and non-rebreather masks (10-15
L/min) with a target of achieving an SpOsz > 90% (non-pregnant adults)®: 2.
If the patient’s condition worsens, the WHO recommends a trial of High-
Flow Nasal Oxygenation (HFNO) or non-invasive positive pressure
ventilation (NIPPV), including: continuous positive airway pressure
(CPAP) and bilevel positive airway pressure (BiPAP)3 4. The patient is
recommended for intubated mechanical ventilation as the last resort only
if these non-invasive treatment pathways have failed>.

In the context of low-resource community hospitals, various limitations and
resource constraints must be taken into account while deciding the most
effective clinical treatment pathway. Although HFNO devices are effective,
they are expensive (above Tk. 5,00,000 for reputable brands) and difficult
to import. In many cases, local suppliers may ask for more than double the
original price. In this situation, the use of low-cost CPAP devices as an
intermediary treatment may be considered in order to avoid intubation®:14,
Since CPAP is an aerosol-generating procedure2, either negative-pressure
room or helmet-based non-vented masks need to be used. While
constructing negative-pressure rooms are expensive, helmet-based masks
are not readily available worldwide. To address this challenge, a facial
snorkel interface was used by Italian doctors as an alternative to helmet-
based masks2l. Currently, there is no study comparing a snorkel and a
helmet used as CPAP masks. However, the snorkel mask is known to meet
the N95 fit-test to be used as a Powered Air-purifying Respirator
(PAPR)22.23, Since the snorkel mask is designed for breathing under-water,
it may be reasonably assumed that it can be used as a non-vented mask for
NIPPV applications. These masks are more readily available for purchase
in the local market, and thus are viable low-cost options in the context of
Bangladesh.

Objectives:

In this study, we aim to evaluate the efficacy and safety of a low-cost CPAP
system designed mainly in the context of a low-resource hospital with
specific limitations in mind. The device is thoroughly tested in laboratory
conditions. The device is capable of providing a PEEP of up to 20cm HsO,
flow-rate of at least 35 L/min (further technical details provided in
Appendix F) for different operating pressure settings, and an FiO2 of up to
100% with a secondary oxygen source. The device is manufactured using
widely available components in Bangladesh. The objectives of the study are
as follows:

Study objectives:

e Evaluation of the device on healthy volunteers to identify the scope for
design improvements.

e Determine the feasibility of using the device in a clinical setting on



adults with respiratory distress and hypoxemia.

e Safety and efficacy evaluation of the CPAP device compared to HFNO
for severely ill COVID-19 patients that have not responded to the WHO
low-flow oxygen therapy.

Study hypothesis:

e The developed low-cost CPAP is comfortable for healthy volunteers, and
using the device is intuitive and straightforward.

e The developed low-cost CPAP device is feasible for treating hypoxemic
COVID-19 patients

e The developed low-cost CPAP device is equivalent (or non-inferior)
compared to HFNO for severely ill COVID-19 patients who have not
responded to standard WHO low-flow oxygen therapy in terms of the
number of days without a ventilator.

Rationale:

The study addresses the shortage of medical equipment required during the
ongoing pandemic. COVID-19 and other respiratory diseases cause about
1,22,400 deaths every year in Bangladesh?>. The two main reasons for the
high mortality rate are limited treatment facility and delay in diagnosis.
Among the top causes of death in Bangladesh, several of these diseases —
lung cancer, lower respiratory infections, COPD, and tuberculosis — are
related to air pollution26.27, Thus, the development of low-cost CPAP devices
will significantly benefit the marginalized population in Bangladesh living
in areas with limited treatment facilities.

The proposed device is designed specifically considering the resources
available in Bangladesh. Firstly, it is powered entirely by a pressurized
oxygen cylinder and does not use any electric components. Thus, it is
suitable to use even during power outages. Secondly, we made sure that
every component the device uses is available in the local market. This
means an established supply-chain for the component exists. For example,
we propose to use a snorkel mask for oxygen delivery, which is generally
imported from China. However, it is a widely available item in Bangladesh.
Similarly, our CPAP system uses a 22mm adult breathing circuit, which is
also available in the market. A metallic connector is used as an interface
between the flow-generating device and the oxygen flow-meter that can
withstand the high-pressure of the oxygen cylinder. This metallic connector
is also constructed in a local workshop using brass and nickel plating for
oxygen proofing.

In the previous section, we pointed out that the international guidelines
offer different opinions in regard to the use of HFNO vs. NIPPV for severe
COVID-19 patients. As the HFNO devices are highly expensive and are not
widely available in Bangladesh, even if the proposed low-cost CPAP can be
found to be non-inferior in treating severe COVID-19 patient compared to
HFNO, the implications would be significant as the price difference is
astronomical (CPAP device pricing at Tk. 5,000 vs. above Tk. 5,00,000 for



HFNO). Since the developed CPAP can be mass-produced locally, it can be
easily distributed across different regions of Bangladesh. Therefore, we
rationalize the objective of comparing our CPAP device with HFNO
treatment. Currently, to the best of our knowledge, there is no scientific
literature comparing these two treatments for COVID-19 patients.

We are not aware of a commercially available CPAP device that is priced in
the range less than Tk. 10,000. Our main innovation is the flow-generating
device that has a manufacturing price of Tk. 2,000. This component uses
the jet mixing principle (sometimes incorrectly referred to as the Venturi
effect) uses the highly pressurized oxygen to generate a high-velocity
supersonic flow — which then pulls-in room air through an entrainment
port. In essence, our flow generating device works as an air oxygen blender
capable of generating a flow of 61 L/min with an FiO2 between 40 - 100%
using a secondary oxygen cylinder. Similar devices to our CPAP system
includes the Phillips Respironics Whisperflow?® and UCL-Ventura?2®
(Comparison with other devices are shown in Annexure F). The UCL-
Ventura device is reverse engineered from the Whisperflow device by
researchers at University College London (UCL) and Mercedes-AMG.
These devices use the same working principle as ours but offer more
sophisticated controls and thus are more expensive. In fact, at the
beginning of the project, we have attempted to manufacture the UCL
Ventura device, which is open-sourced. However, we quickly realized that
the precise manufacturing capabilities required are not available in
Bangladesh.

Methodology:

In the following sections, we first describe the details of the proposed CPAP
design followed by the different parts of the study. The study will be
conducted in three different parts: (i) Design validation on healthy
volunteers, (ii) Feasibility testing in clinical settings, (ii1) Pilot study for
safety and efficacy testing in clinical settings.

Proposed CPAP design:

The current status of the proposed low-cost CPAP system is shown in Fig.
1 while using with a snorkel mask. Other non-vented masks (CPAP mask,
helmet/hood) can also be used. The system consists of a flow generator,
22mm breathing circuit, Y-connector, HME filter (optional), snorkel mask
interface (only when snorkel mask is used), HEPA filter, and PEEP valve.
The system ensures adequate flow delivered to the subject while minimizes
aerosol generation by using the snorkel mask instead of conventional CPAP
masks. The HEPA filter at the outlet blocks the virus from entering the
atmosphere from the air exhaled by the patient. The flow generator device
with two oxygen ports and one air entrainment port is shown in Fig. 2.
During laboratory tests, for various iterations of the device, different output
flow-rates were found for different settings of PEEP the valve. Full
technical evaluation is performed and are described in Annexure F.



Fig. 3. Shows the different type of non-vented CPAP masks that our device
1s compatible with. These masks have a tight seal around the face (or neck
for helmet) of the patient and thus there is no risk of aerosol generation
from the mask. The only exhalation port in the mask is covered with a
HEPA filter followed by the PEEP valve. Further details about the CPAP
device can be found in the OxydJet website: http://mhealth.buet.ac.bd/oxyjet/

The device is capable of delivering at least 35L/min flow for most settings of
the device. This ensures that the system meets the peak inspiratory flow
demand of the patient during inhalation. Variation of FiO2 with PEEP
setting while a single O2 source is used. If a higher Fi02 is required, the 2rd
oxygen inlet can be used, and up to 80% FiO2 can be achieved. Further
details and technical specifications are provided in Annexure F.
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Fig. 1: OxyJet CPAP system showing the flow
generator, breathing circuit, Y-connector, HME
filter (optional), snorkel mask interface (for snorkel PN R ik
mask only), HEPA filter, and PEEP valve. The §= Port * | Port
proposed setup ensures adequate flow delivered to

the subject while minimizes aerosol generation. Fig. 3: Alternative non-vented masks that can be
The HEPA filter at the outlet blocks the virus from ;504 with the system. We have already tested the

entering the atmosphere from the air exhaled by  jevice with a helmet and CPAP and snorkel mask
the patient, ensuring airborne precaution. available in the market.
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We use an inlet HEPA filter to block viruses or dust particles from entering
the device and an outlet HEPA filter to ensure the virus of the exhaled air
does not contaminate the environment. In this way, the device can be made
safe to be used in the general ward of the tertiary level hospitals of
Bangladesh without requiring a negative-pressure room.

Phase-3 Study Design: Randomized Controlled Trial

The aim of this phase of the study is to evaluate the safety and efficacy of
the proposed CPAP device. Every set of CPAP system provided to the



patients will be individually and thoroughly tested by Department of
Biomedical Engineering (BME), BUET. Thus we will ensure that each of the
device functions as specified. The various aspects of this final and most
important component of the study are described below.

Sample size calculation: In this non-inferiority trial, we define the primary
efficacy outcome as the number ventilator-free days (or in avoidance time of
intubation) from the day of enrollment up to 10 days. To simplify the trial,
we only observe the patients for 10 days. Assuming that

Nyent-free = No. of ventilator-free days since enrollment
we formulate the primary outcome as follows:

U= {Nvent—free if Nyent-free < 10
10 else

Thus, the primary outcome will be a continuous variable between 0-10.
Assuming an equal allotment between the control and experimental arm,
and no true difference in the outcome measure between the two arms, we
may use the following formula for calculating the sample size for each group
of the non-inferiority trial:

20%(Z1-p+Z1-a )2

N > e (1)
where,
N = Required sample size for the non-inferiority trial
o? = Estimated variance of the primary outcome

a = Significance level

1-p = Confidence interval (power)

Zi-u = The Z-score for the confidence level a
Zi-p = The Z-score for the confidence interval
d = Non-inferiority margin

In order to estimate o, we need to approximate the standard deviation of the
primary outcome. We assume that the mean and standard deviation for
ventilator-free days for the HFNO group (control arm) can be approximated
by 24 and 8, according to the FLORALI trial30. In this trial, a total of 40
patients were observed for up to 28 days to obtain these statistics. Since our
primary outcome is limited to 10 days, we assume a Gaussian distribution
(u =24 and o = 8) for the primary outcome of the FLORALI trial and
calculate the standard deviation for the limited region of the distribution
between 0 and 10. This results in a standard deviation of 1.44. We use this
value as an approximation of ¢ in the equation (1) above.

The following steps are straightforward. Assuming a significance level of 5%
(¢ = 0.05), 95% confidence interval (1 —pf = 0.95), and non-inferiority
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margin of 1.5 days, we find the sample size required for this non-inferiority
trial for each arm is found to be:
N =20

Thus, we will require a total of 40 subjects (equal allocation) for this study.
However, we acknowledge that this is a small number of samples, which was
calculated based on a set of simplifying assumptions. The different aspects
of the RCT part of the study are summarized in Table V.

Table V: Summary of the non-inferiority trial evaluating the effectiveness of
the CPAP therapy compared to HFNO

Aspects of the Description
study
Locati Internal Medicine Ward, Dhaka Medical College & Hospital
ocation (DMCH), Dhaka, Bangladesh.
Study type Interventional non-inferiority trial
Allocation Block randomized (block size = 4)
Intervention Parallel assignment
model
Masking None (open-label)
No. of .
. Total 40 (20 on each arm of the trial)
subjects
.. Evaluate the safety and efficacy of the CPAP therapy
Objective compared to HFNO therapy
Inclusion criteria
o Age> 18 years
¢ Confirmed or suspected COVID-19 patient (by RT-PCR).
¢ Patients having severe pneumonia and hypoxemia (SpO2
<90%) who did not respond to standard oxygen therapy
(non-rebreather mask on 15L/min at 100% FiOy).
Study
Population Exclusion criteria

o Severely hypoxemic patients (SpO2<85%)

e Patients with low respiratory drive or requiring
cardiopulmonary resuscitation

e Patients with contraindications for CPAP

e Pregnant status

o Age > 65 years

Experimental arm:

¢ Administer CPAP: FiO2 of 40% and 10cm PEEP

Procedure e Titrate PEEP to 5cm or 15 cm if required

e Deliver additional oxygen via secondary port if a higher
Fi02 is required.
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Aspects of the Description
study
Control arm:
¢ Administer HFNO
e Adjust flow-rate and FiO2 as per standard HFNO
treatment protocol
Primary outcome/endpoint
e The number of ventilator-free days up to 10 days
(efficacy).
Outcomes / Secondary outcomes/endpoint
end-points ¢ Recovery of the patient (efficacy)
¢ Death or need of intubation within 10 days since
enrollment (safety)
¢ Oxygen toxicity or other adverse events according to
CTCAE scale.
Data collected during enrollment
e Patients clinical condition (pulse, BP, etc.)
¢ Date and time of enrollment
e Vitals (SpO2, respiratory rate)
Data collected during trial (Every 6-8 hours)
e Patients vitals (SpO2, BP, respiratory rate, pulse).
Data ¢ Date and time of follow-up.
Collection
Data collected during discharge
e Patients clinical condition
¢ Date and time of discharge
¢ Date and time of intubation (if applicable)
e Vitals (SpO2, respiratory rate)
e Description of any adverse events
e Mean value of the primary and secondary outcomes
e Standard deviation of the primary and secondary
Data Analysis outcgmes .. .
e Statistical t-test to determine if the difference of mean
value is significant

Procedure: The main objective during the trial is to keep the oxygen
saturation of the patient above 90%. Thus, during enrollment we will recruit
subjects who did not respond to 15L/min of low-flow oxygen therapy (SpO2
< 90%). After enrollment the CPAP or HFNO therapy will be administered,
if saturation falls below 90% and remains in that value for more than 120
minutes (for either experimental or control arm), the patient will be again
shifted to a higher form of treatment, which in this case is intubation &
mechanical ventilation in an ICU (f available). The control and
experimental arms of the treatment are described in the flow diagram shown
in Fig. 5.
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Fig. 5: Clinical pilot study flow diagram for HFNO vs. CPAP treatment.
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