
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



ww.sciencedirect.com

r e s p i r a t o r y i n v e s t i g a t i o n 6 0 ( 2 0 2 2 ) 6 0 7e6 1 1
Available online at w
Respiratory Investigation

journal homepage: www.elsevier .com/locate/resinv
Case report
Non-invasive ventilation using a novel ventilator
and non-vented full-face mask for patients with
respiratory failure during the COVID-19 pandemic:
Report of three cases
Takuma Minami a,b, Shinichi Kai c, Tomoharu Tanaka c, Isao Ito b,
Genta Kato d, Miki Nagao e, Hiroshi Date f, Toyohiro Hirai b,
Shigeru Ohtsuru a, Kazuo Chin g,h,*

a Department of Primary Care and Emergency Medicine, Kyoto University Graduate School of Medicine, 54

Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan
b Department of Respiratory Medicine, Kyoto University Graduate School of Medicine, 54 Kawahara-cho, Shogoin,

Sakyo-ku, Kyoto 606-8507, Japan
c Department of Anesthesia, Kyoto University Hospital, 54 Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507,

Japan
d Solutions Center for Health Insurance Claims, Kyoto University Hospital, 54 Kawahara-cho, Shogoin, Sakyo-ku,

Kyoto 606-8507, Japan
e Department of Clinical Laboratory Medicine, Kyoto University Graduate School of Medicine, 54 Kawahara-cho,

Shogoin, Sakyo-ku, Kyoto 606-8507, Japan
f Department of Thoracic Surgery, Kyoto University Graduate School of Medicine, 54 Kawahara-cho, Shogoin, Sakyo-

ku, Kyoto 606-8507, Japan
g Department of Sleep Medicine and Respiratory Care, Division of Sleep Medicine, Department of Internal Medicine,

Nihon University School of Medicine, 30-1 Ohyaguchi kami-cho, Itabashi-ku, Tokyo, 173-8610, Japan
h Center for Genomic Medicine, Kyoto University Graduate School of Medicine, 54 Kawahara-cho, Shogoin, Sakyo-ku,

Kyoto 606-8507, Japan
a r t i c l e i n f o

Article history:

Received 21 January 2022

Received in revised form

15 March 2022

Accepted 23 March 2022

Available online 6 April 2022
Abbreviations: CPAP, continuous positive a
IPAP, inspiratory positive airway pressure; N
positive pressure ventilation.
* Corresponding author. Department of Slee

Medicine, 30-1 Ohyaguchi kami-cho, Itabash
E-mail address: chin.kazuo@nihon-u.ac.j

https://doi.org/10.1016/j.resinv.2022.03.005
2212-5345/© 2022 The Japanese Respiratory
a b s t r a c t

The Japanese government's latest manual on COVID-19 management mentions non-

invasive ventilation (NIV). Before this version, we experienced three cases in which

COVID-19 was a concern. Each case had one of the following conditions: obesity hypo-

ventilation syndrome, amyotrophic lateral sclerosis, acute heart failure with acute kidney

injury with hypercapnia. The guidelines indicate that patients with these diseases are good

candidates for NIV. NIV was used in a negative pressure room with staff in personal
irway pressure; EPAP, expiratory positive airway pressure; HFNC, high flow nasal cannula;
IRS, non-invasive respiratory support; NIV, non-invasive ventilation; NPPV, non-invasive
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protective equipment. We describe the use of NIV instruments with anti-viral filters and a

non-vented mask, including a new NIV machine for COVID-19 respiratory care.

© 2022 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
Japanese government manual at the time [8]. Within three

1. Introduction

While non-invasive ventilation (NIV; continuous positive

airway pressure (CPAP), or non-invasive positive pressure

ventilation, NPPV) is useful for managing respiratory failure

[1], the use of NIV for patients with coronavirus disease 2019

(COVID-19) is controversial due to the possibility of aerosols

escaping from the equipment. NIV has usually been avoided

in Japan because the government's manual on COVID-19 did

not discuss the use of NIV for the respiratory care of patients

with COVID-19 [2] until version 6.0 [3], even though high flow

nasal cannula (HFNC) oxygen therapy and NIV have been

considered useful for treating COVID-19 patients in other

countries [4e6]. HFNC can provide oxygen at concentrations

nearing 100%, but expiratory positive airway pressure (EPAP)

is only 2 or 3 cmH2O. Themost recent study comprising 13,931

patients showed that overall, non-invasive respiratory sup-

port (NIRS) in patients with COVID-19 was safe, improved

resource utilization, and was associated with possibly better

outcomes than conventional oxygen therapy [7]. For patients

with COVID-19, NIV with inlet and outlet anti-virus filters in

addition to non-vented filters with an artificial nose or anti-

virus filters is suitable. Since NIRS, including NIV, will be

used more frequently in the management of COVID-19 pa-

tients in Japan in the near future, pulmonologists in Japan

need to know how to use NIV machines to prevent the spread

of aerosols and contamination of the ventilator. Here, we

describe three cases in whom a new NIV machine suitable for

COVID-19 patients was used.
2. Case presentations

2.1. Case 1

A 57-year-old obese (body mass index 34.4 kg/m2) male un-

derwent treatment for asthma, diabetes, and obstructive

sleep apnea treated by CPAP. Fifteen days before coming to

our hospital, he tested positive for COVID-19 in a severe

acute respiratory syndrome coronavirus two polymerase

chain reaction (SARS-CoV-2 PCR) test during the second

wave of the COVID-19 pandemic in Japan (August 2020). His

condition worsened, and he was transferred to our hospital.

On admission, his SpO2 was 99% (oxygen via nasal cannula 3

L/min), and PaCO2 was 38.7 mmHg. Chest X-ray and

computed tomography showed bilateral pneumonia,

decreased right lung volume, and elevation of the right

diaphragm (Fig. 1-a-1). CPAP was stopped as advised by the
days, he developed right lung atelectasis. CPAP treatment

was initiated intermittently in a negative pressure room

from day three, including oxygen with a new Philips

Respironics E30 ventilator (Respironics, Inc., Murrysville, PA,

USA). This was a new NIV machine for COVID-19 with inlet

and outlet filters and an AF811 SE gel full face mask

(Respironics, Inc.), which was a non-vented full face mask

(Fig. 2-a, and b) with an artificial nose. The patient only used

CPAP for 3 h during the middle of the day because the

medical staff feared that an air leak with aerosols could

easily occur during the night. Although the patient's respi-

ratory condition worsened until day eight (PaCO2 reached

50 mmHg with oxygen 6 L/min with a simple-oxygen-mask),

he gradually recovered as indicated by chest X-ray changes

(Fig. 1-a-2-3). Oxygen therapy was discontinued on day 17.

2.2. Case 2

Case 2 was an 80-year-old female with amyotrophic lateral

sclerosis who had refused to undergo invasive mechanical

ventilation and was dependent on NPPV. The patient's care-

giver was diagnosed with COVID-19 seven days before the

patient was admitted to our hospital during the third wave of

the COVID-19 pandemic in Japan (January 2021). She was

provided with NPPV (inspiratory positive airway pressure

[IPAP] 13 cmH2O, EPAP 4 cmH2O supplemental oxygen) using

the same system used for case 1. During NPPV, PaCO2

increased up to 69.9 mmHg; thus, we increased IPAP to 17

cmH2O. The patient's SARS-CoV-2 PCR test was negative. She

was discharged home on day nine.

2.3. Case 3

On admission to our hospital, a 78-year-old male with heart

failure and kidney disease had a pH of 6.88, PaCO2 of

116.2 mmHg, PaO2 of 54.7 mmHg, HCO3� of 21.0 mmol/L, and

BE of �11.9 mEq/L (oxygen administration 10 L/min with a

mask). Normal NPPV was used at the first hospital, and the

patient was transferred to our hospital for renal replacement

therapy during the third wave of the COVID-19 pandemic in

Japan (January 2021). Chest X-ray showed cardiomegaly,

pulmonary edema, and bilateral pleural effusion (Fig. 1-b).

After admission to our hospital, the new NIV (E-30 ventilator)

with the non-vented mask was used because we could not

exclude COVID-19 infection. His SARS-CoV-2 PCR test was

negative on day two, and continuous hemodiafiltration was

performed until day three. The patient was discharged home

on day 19.
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Fig. 1 e Chest x-rays of the cases. Case 1, from anterior to posterior, supine position on days one (a-1), seven (a-2), and

23 (a-3). (b) Case 3, from anterior to posterior supine position on day one.
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3. Discussion

Here, we have described three cases treated with novel NIV

equipment with three filters (inlet, outlet, and an artificial

nose) and a non-vented full face mask. Case 1 was positive for

COVID-19, while the remaining two patients had the possi-

bility of COVID-19 infection.
Fig. 2 e NIV and interface for COVID-19. (a) E30 ventilator (Respi

ventilator for COVID-19 patients), and AF811 SE gel full face ma

bacterial filter is attached to the air inlet (arrow) and outlet (arro

aerosols. (b) A circuit and non-vented full face mask. There is n

from an exhalation valve (arrow) after passing through an artifi
The most commonly used NIV machines take in outside

air, and if used by a patient with COVID-19, the inside of the

machine could become contaminated, and COVID-19 positive

air could escape from the outlet. A new NIV (CPAP or NPPV)

machine specifically for COVID-19 can be equipped with inlet

and outlet anti-virus filters and non-vented masks with an

artificial nose or anti-virus filter. Physicians should know how
ronics, Inc., Murrysville, PA, USA; Non-invasive ventilation

sk (Respironics, Inc.) (non-vented full face mask). The

whead) to avoid contamination of the ventilator from

o exhalation leak port on the mask. Expiration is drained

cial nose filter (arrowhead) to avoid spreading aerosols.
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to use each NIV machine with appropriate filters and exha-

lation ports (Fig. 2).

The early Japanese government's manual recommended

that COVID-19 patients be intubated and mechanically

ventilated [8] if SpO2 could not be maintained �93% despite

inhalation of 5 L/min O2 by nasal cannula or masks.

It is expected that NIV will be used more frequently in the

near future after being cited in the latest manual by the Jap-

anese government. Our three cases were good candidates for

NIV according to the guidelines [1]. More than 500,000 patients

are on home CPAP therapy in Japan, and more than 20,000

patients are treated by home NPPV therapy, including adap-

tive servo-ventilation (ASV) [9]. Therefore, including the usage

of CPAP or NPPV in the intensive care unit (ICU), information

on managing patients with respiratory care at home during

the next pandemic should be more available. In addition, NIV

may be useful for patients with hypoxemic COVID-19 as it can

be administered with the patient in a prone position.

Although the feasibility and clinical impact of CPAP and

NPPV were also reported in patients with COVID-19 pneu-

monia [5,6], an increased number of medical staff members

with COVID-19, as determined by positive serology or

pharyngeal swabs, was reported in non-ICU non-invasive

respiratory support settings caring for patients with COVID-

19. However, all infected workers recovered well [5]. In

comparing CPAPwithNPPV, it should be recognized that NPPV

is usually associated with more aerosol leaks than CPAP.

Therefore, NIV should be used in a negative pressure room or

red zone with staff wearing personal protective equipment as

with case 1, in which case there was no transmission to the

medical staff.

There are several limitations to our report. First, only one

patient was a true COVID-19 patient. Nevertheless, recent

large-scale data have supported NIV as a significantly useful

method for patients with COVID-19 [7,10]. Second, since the

machine usedwas a newmachine for patients with COVID-19,

it might have a negative effect in supporting patients’

breathing, such as high circuit resistance, difficulty in patient

synchronization, and loss of humidity. Indeed, the second

case initially became hypercapnic following the start of this

system but improved after the parameters of the machine

were reset. Therefore, physicians should carefully observe

patients when this machine is first used.

Each patient in this report had a different pathophysio-

logically severe condition, was effectively treated, and recov-

ered satisfactorily. The latest government manual for COVID-

19 indicates the use of NIV. The safety of staff caring for

confirmed or suspected COVID-19 patients on NIV should be

addressed.
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