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Abstract— Capnometry is a method to measure carbon 

dioxide (CO2) in exhaled gas and it has been used to monitor 

patient respiratory status. CO2 monitoring is also used for 

patients receiving non-invasive positive pressure ventilation 

(NPPV) therapy during mechanical ventilation. Ventilators 

actively dilute exhaled gas during non-invasive ventilation. In 

order to accurately measure end-tidal CO2, an adequate amount 

of expired gas needs to be filled in a CO2 measurement cell 

before expiratory positive airway pressure (EPAP) gas from the 

ventilator arrives to the cell. This is the reason why it is difficult 

to measure CO2 stably during non-invasive ventilation using the 

conventional CO2 measurement method. Therefore, we 

developed NPPV cap-ONE mask, which accurately measures 

CO2 in exhaled gas during non-invasive ventilation. In this 

study, we evaluated the basic performance of the NPPV 

cap-ONE mask system. The NPPV cap-ONE mask system could 

accurately measure CO2 in exhaled gas comparing to the 

conventional device in this study. 

I. INTRODUCTION 

Capnometry, a method to measure carbon dioxide (CO2) in 
exhaled gas, has been used in both intubated and 
non-intubated patients to monitor their respiratory status. The 
American Association for Respiratory Care 2011 Update 
summarizes indications for the use of CO2 monitoring during 
mechanical ventilation [1]. These include indications that are 
particularly relevant to a patient receiving non-invasive 
positive pressure ventilation (NPPV)  therapy [2] [3][4]. 

However, during non-invasive ventilation, measuring CO2 
in exhaled gas is difficult because ventilators actively dilute 
exhaled gas. Obtaining an accurate end-tidal CO2 
measurement requires an adequate amount of expired gas to be 
filled in a CO2 measurement cell before the gas from the 
ventilator arrives to the cell[4]. 

There are two measurement methods for capnometer: 
mainstream method and sidestream method. Since the 
mainstream method uses a direct measurement of the patient 
exhaled CO2, this method usually responds well to changes in 
exhaled CO2 and rarely causes tube obstruction with water. 
However, sensors used for the mainstream method are 
relatively large and heavy so it may not be applicable for 
non-intubated patients[5][6]. During non-invasive ventilation, 
if the exhalation port is located close to the CO2 mesaureing 
site, it would be difficult to monitor CO2 acculately as an 
exhalation port generally flushes out the exhaled CO2 gas 
before reaching the CO2 measuring site[4]. The major problem 
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of CO2 measurement during non-invasive ventilation is that 
the choice of CO2 measurement site location is limited 
because of the size and weight of the sensor. On the other hand, 
the sidestream method employs a sampling tube connected to 
a patient so that a small sampling of the patient’s exhaled gas 
can be drawn into the capnometer for measurement. As the 
sidestream method generally uses a nasal cannula, which is 
attached under the patient’s nose, the impact of the exhalation 
port position on the accuracy of CO2 monitorinng is smaller, 
unless air flow from the ventilator is quite large. However, the 
choice of the location of the sampling site raises additional 
technical and physiologic issues that must be considered, 
including condensation of sample, obstruction with water, and 
waveform distortion[4]. According to a pilot clinical research 
using a side-stream nasal cannula in clinical settings, 
dislocation of the the nasal cannula during CO2 measurements 
turned out to be a major problem[7]. This was probably caused 
by frequent displacement, due to delirious or restless patients. 

A mainstream capnometer cap-ONE® (Nihon Kohden 
Corporation, Tokyo, Japan) was developed to overcome the 
disadvantages of both the sidestream method and the 
conventional mainstream method. cap-ONE is lightweight (4 
g) so the choice of CO2 measurement location is less 
limited[6][8][9][10][11]. 

The NPPV cap-ONE mask system, based on the 

mainstream method, was designed to monitor CO2 during 

non-invasive ventilation. In this paper, we report the basic 

performance of the NPPV cap-ONE mask system as compared 

to a conventional device evaluated in this study using a 

breathing model.  

II. MATERIAL AND METHODS 

A. NPPV cap-ONE mask system 

NPPV cap-ONE mask (VM-331Z, Nihon Kohden, Tokyo, 
Japan) and a mainstream capnometer, cap-ONE (TG-980P, 
Nihon Kohden, Tokyo, Japan), constitute the NPPV cap-ONE 
mask system. NPPV cap-ONE mask consists of a mask, inner 
cup, and a CO2 measurement cell (Fig. 1). The mask, inner cup 
and CO2 measuring cell are integrated to prevent dislocation. 
The NPPV cap-ONE mask system is attached to the patient's 
face, covering the nose and mouth, as shown in Fig. 2. 

The inner cup in the mask is placed under the patient's nose 
and over the mouth to guide the patient's exhale flow into the 
CO2 measurement cell (Fig. 3). The CO2 measurement cell is 
connected to the inner cup of NPPV cap-ONE mask. The 
mainstream capnometer cap-ONE is designed to be placed on 
the CO2 measurement cell outside of the mask (Fig. 3, 4). 

cap-ONE consists of a light unit and a detector unit, which 
are located across the CO2 measurement cell of NPPV 
cap-ONE mask. Light emitted from the light unit passes 
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through the CO2 measurement cell, where CO2 molecules in 
exhaled gas absorb the infrared light of 4.3 μm, and is detected 
in the detector unit. Then cap-ONE calculates CO2 
concentration based on the measured infrared absorption 
intensity[6]. 

 

Figure 1.  Schematics of NPPV cap-ONE mask system. 

 

Figure 2.  NPPV cap-ONE mask system attached on patient. 

 

Figure 3.  NPPV cap-ONE mask showing cross sectional view. 

 

Figure 4.  Enlarged view of cap-ONE® and CO2 measurement cell. 

B. Conventional Device 

The basic performance of the NPPV cap-ONE mask system 
was evaluated in comparison with the conventional 

mainstream airway adapter system. An airway adapter 
(YG-211T, Nihon Kohden, Tokyo, Japan) was connected to 
NPPV full face mask (VM-331Z, Nihon Kohden, Tokyo, 
Japan), and cap-ONE was placed on the airway adapter as 
shown in Fig. 5. 

 

Figure 5.  Schematics of airway adapter system. 

C. Breathing model 

Adult respiratory conditions were simulated using a 
breathing model, consisting of a lung simulator (ASL-5000, 
IngMar Medical, Pittsburgh, Pennsylvania), a ventilator 
(NKV-330, Nihon Kohden, Tokyo, Japan), an adult head 
manikin, and a mass flow controller (s-B40/B50, HORIBA 
STEC, Kyoto, Japan) (Fig.6). 

The manikin has 2 cavities imitating the nose and mouth of 

a patient. The inhalation and exhalation airflow passed 

through the nasal or oral cavity in the manikin. While 

simulating nasal or oral breathing, the other cavity was sealed 

with a plastic plug. 

CO2 gas which was regulated by the mass flow controller 

was continuously supplied to ASL-5000 so that the exhaled 

airflow contains CO2. The CO2 concentration in exhalation at 

the airway near the manikin was measured as reference 

(Reference CO2) by a mainstream capnometer (TG-980P, 

Nihon Kohden, Tokyo, Japan). 

 
ASL-5000 simulating a patient with a ventilator, has three 

different ventilation patterns, COPD, ARDS, and Normal 
(Table 1) [12]. As shown in Table 1, the expiratory positive 
airway pressure (EPAP) was set at 4 or 8 cmH2O and 
inspiratory positive airway pressure (IPAP) was adjusted to be 
the tidal volume between 250-300 mL. 

TABLE I.  VENTILATION PATTERN 

 

Mask CO2 measurement 

cell  

cap-ONE® 

Inner cup 

NPPV cap-ONE mask  

Inner cup 

CO2 measurement cell  

Mask 

CO2 measurement cell  

cap-ONE® 

cap-ONE® 

Airway adapter 

NPPV full face mask 
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Figure 6.  Breathing Model. 

D. Data Collection 

Both mainstream capnograms of the NPPV cap-ONE 
mask system and of the airway adapter system were measured 
by a CO2 monitor (OLG-2800, Nihon Kohden, Tokyo, Japan). 

The maximum amplitude of capnograms was calculated as 
partial pressure of end-tidal carbon dioxide (PetCO2). CO2 
waveforms were recorded for over 2-minutes in each 
ventilation pattern and averaged for last 20 breaths. 

 

III. RESULT 

1. Capnogram of NPPV cap-ONE mask system 

Fig. 7and 8 show a representative capnogram of nasal and 

oral respiration under the COPD ventilation pattern. The 

capnogram obtained by the NPPV cap-ONE mask system 

presented partial loss of plateau in the setting of EPAP at both 

4 and 10 cmH2O. On the other hand, in the capnogram of the 

airway adapter system, almost all plateau was lost in the 

setting of EPAP at 4 and 10 cmH2O. When the EPAP was 8 

cmH2O, the total air leak reached 50 L/min. 

2. PetCO2 measurement accuracy of NPPV cap-ONE mask 

system 

The PetCO2 measurement accuracy was evaluated by 

comparing PetCO2 obtained by the NPPV cap-ONE mask 

system and the airway adapter system with a reference 

PetCO2 by the airway adapter (Fig.9, 10). The PetCO2 

differences obtained by the NPPV cap-ONE mask system 

ware more stable than the airway adapter system for all 

ventilation patterns for both nasal and oral respiration. 

 

IV. DISUCUSSION 

The capnogram of the NPPV cap-ONE mask system was 

much more stable than the airway adapter system during 

non-invasive ventilation. Exhale flow in plateaus can be 

easily diluted by air flow from the ventilator, because 

exhalation flow is small. The NPPV cap-ONE mask is 

designed to guide the exhaled CO2 gas to the CO2 measuring 

cell using the inner cup before the air flow from the ventilator 

arrives to the CO2 measuring cell (Fig. 11). Thereby, CO2 can 

be measured during non-invasive ventilation. On the other 

hand, the waveform of the conventional airway adapter 

system was not sufficient for accurate measurement of CO2, 

because the exhalation port flushes out the exhaled CO2 gas 

before reaching the CO2 measuring cell. Thus, CO2 cannot be 

measured during non-invasive ventilation with the 

conventional system. 

The results showed that the NPPV cap-ONE mask system 

might be useful in clinical use. Further clinical evaluation is 

necessary to determine the clinical benefits of using the 

NPPV cap-ONE mask system. 

 

Figure 7.  Representative capnogram of nasal respiration with NPPV 

cap-ONE mask system and airway adapter system. 

 

Figure 8.  Representative capnogram of oral respiration with NPPV 

cap-ONE mask system and airway adapter system. 
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Figure 9.  Comparison of NPPV cap-ONE mask system and airway adapter 

system for partial pressure of end-tidal carbon dioxide (PetCO2) accuracy of 

nasal respiration 

 

 
 

Figure 10.  Bench comparison of NPPV cap-ONE mask system and airway 
adapter system for partial pressure of end-tidal carbon dioxide (PetCO2) 

accuracy of oral respiration . 

 

Figure 11.  Exhaled gas from patient and gas from ventilator flow dynamics 

of NPPV cap-ONE mask showing cross sectional view 

 

V. CONCLUSION 

 We developed the NPPV cap-ONE mask system to monitor 

CO2 during non-invasive ventilation. This study has shown 

that the CO2 measurement accuracy of the NPPV cap-ONE 

mask system may be better compared to the airway adapter 

system. 
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