
Onodera et al. 
Intensive Care Medicine Experimental           (2024) 12:43  
https://doi.org/10.1186/s40635-024-00627-6

LETTERS TO THE EDITOR Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Intensive Care Medicine
Experimental

Newly innovated system to generate 
adjustable PEEP with a high-flow nasal cannula
Yu Onodera1*  , Kenya Yarimizu2, Tatsuya Hayasaka1, Kaneyuki Kawamae3 and Masaki Nakane1 

To the Editor,
A high-flow nasal cannula (HFNC) has become an 

essential respiratory support for patients with acute res-
piratory failure [1]. The physiologic effects of an HFNC 
include reduced dead space ventilation through the  CO2 
washout effect and generation of positive end-expir-
atory pressure (PEEP) [2]. Previous physiologic stud-
ies have shown that the PEEP produced by an HFNC is 
low and cannot be adjusted in a clinically relevant man-
ner [2]. When patients with respiratory failure who are 
being managed with an HFNC require PEEP, the patients 
must be switched to continuous positive airway pressure 
(CPAP), non-invasive positive pressure ventilation, or 
invasive positive pressure ventilation [3] with loss of the 
ventilatory support of the HFNC generated by the  CO2 
washout effect.

Therefore, we devised a new system by merging a full-
face mask and a PEEP valve with an HFNC (HFNC-P) 
and conducted a simulation-based experiment to deter-
mine the feasibility of further clinical experiments.

The experiment was conducted using a respiratory 
model consisting of a life-sized 3D-printed airway model 
connected to a Training and Test Lung ([TTL]; Michigan 
Instruments, USA). Breathing patterns were established 
as normal (compliance [C], 50  mL/cmH2O; resist-
ance [R], 5  cmH2O/L/s; tidal volume [Vt], 500  mL; and 

respiratory rate [RR], 14/min), restrictive (C 20; R, 5; Vt, 
300; and RR, 25), and obstructive (C, 80; R, 20; Vt, 700; 
and RR, 10).  CO2 was infused into the TTL to achieve 
a  PETCO2 of 40 mmHg with each breathing pattern and 
without interface connected to the airway model.

With this respiratory model, the following interfaces 
were attached:

1. HFNC: HFNC ([Optiflow]; F&P, New Zealand) with 
flow rates of 20, 40, and 60 L/min.

2. CPAP mask: A full-face mask with a PEEP valve set 
to 5 or 10  cmH2O and a flow rate of 20, 40, and 60 L/
min was introduced.

3. HFNC-P: HFNC combined with a full-face mask 
(Cough Ventec Japan, Inc., Japan) and a PEEP valve 
set to 5 or 10  cmH2O (Fig. 1).

PEEP and  PETCO2 in the trachea were measured for 
each setting.

As same as reported in our previous study, applying an 
HFNC was able to washout  CO2, reaching its maximum 
effect with a flow of 20 L/min, while PEEP only achieved 
4  cmH2O with a flow of 60 L/min [2]. With the CPAP 
mask,  PETCO2 was reduced less compared to an HFNC, 
while achieving a PEEP level close to the PEEP valve set-
ting with a flow setting > 40 L/min under normal and 
restrictive conditions and 60 L/min under obstructive 
conditions. By applying an HFNC-P, the washout effect 
was as effective as HFNC and able to produce PEEP close 
to the PEEP valve setting with a flow setting > 40 L/min 
(Fig. 2).
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Fig. 1 HFNC-P attached to the respiratory model. For HFNC only setting, the full-face mask was removed and for the CPAP setting, gas 
from the flow generator was directly infused into the full-face mask. A one-way valve was attached to the mask to accommodate external air inflow 
for CPAP and HFNC-P if the inspiratory flow surpassed the flow from the flow generator
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Fig. 2 PETCO2 and PEEP measured in each setting. Empty markers represent  PETCO2 data and filled markers represent PEEP data. HFNC-P was able 
to reduce  PETCO2 as much as HFNC and generate PEEP as much as CPAP
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Conclusion
Our newly innovated HFNC-P combines the HFNC 
washout effect and adjustable PEEP, which may accelerate 
the HFNC potential for respiratory support. Because this 
experiment was simulation-based and did not include 
patient data, approval by the Medical Device Regulation 
Committee and clinical studies assessing benefits and 
risk (excess or lack of humidification, skin ulcers, com-
fort, and cost effectiveness) is warranted.
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