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Background: Oxygen-powered inhalation devices are intended to provide emergency ventilation support for patients in prehospital
care by supplying an adequate volume of oxygen. However, there have yet been no studies conducted examining oxygen-powered
inhalation devices in Thailand.

Objective: To compare the effectiveness of manual and oxygen-powered bag valve masks (BVMs).

Materials and Methods: This was a retrospective study consisting of 79 EMS patients over 18 years of age at Srinagarind Hospital
with oxygen saturation lower than 92% and respiratory rate greater than 30 times/minute who underwent emergency BVM
ventilation, either manually or using oxygen-powered inhalation devices, from January to December 2019.

Results: The mean age of the patients in the oxygen-powered inhalation BVM group was 56.3+9.7 years, and 71.8% (n = 28) were
male. The mean respiratory rate (RR) in both groups was 42.2 per minute in minute 0. In the oxygen-powered inhalation BVM
group this decreased to 30.2+3.2 after 2 minutes of ventilation. The mean oxygen saturation was 86.2% at minute 0 and increased
to 97.0+2.6 after 2 minutes of ventilation.

Conclusion: Oxygen-powered inhalation devices reduce RR and increase mean oxygen saturation in EMS patients with dyspnea.
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The purpose of emergency medical services (EMS)
is to treat emergency patients at the scene of an illness or
injury. Because of this, personnel and equipment are often
limited(1). According to treatment guidelines, patients with
low oxygen saturation should be given oxygen, using either a
nasal cannula, a face mask, or continuous positive airway
pressure (CPAP)(2). A bag valve mask (BVM) with manual
ventilation is an important tool oxygen delivery tool for EMS
providers(3-6). Hypercapnic respiratory failure, hypoxic
respiratory failure, and apnea are indications for BVM manual
ventilation in an EMS setting(7). Barotrauma from
hyperventilation is a possible serious complication that may
result in lung injury. It can also cause hyperventilation(8).
Oxygen-powered inhalation devices, which are intended to
provide emergency BVM ventilation support for EMS
patients, deliver adequate volumes of oxygen to the patients’
lungs. They also automatically adjust to changes in a patient’s
lung compliance, thus reducing the risk of barotrauma(9-12).
As there have yet been no studies conducted in Thailand

regarding oxygen-powered inhalation devices in EMS, the
objective of the present study was to compare effectiveness
of manual and oxygen-powered BVMs.

Materials and Methods
This was a retrospective descriptive study. The

sample consisted of 79 EMS patients over 18 years of age
at Srinagarind Hospital with oxygen saturation lower than
92% and respiratory rate greater than 30 times/minute who
underwent emergency BVM ventilation, either manually or
using oxygen-powered inhalation devices, from January to
December 2019. Trauma patients and those with incomplete
data were excluded. Ethics approval was provided by the
Khon Kaen University Ethics Committee for Human Research
(HE621540).

The sample size was calculated based on proportion
of BVM ventilation. In order to achieve a significance level
of 5% and power of test of 0.8, we determined that a sample
size of 79 would be required. Statistical analysis was
performed using SPSS for Windows version 16.0 (SPSS Inc.,
Chicago, IL, USA). Categorical data were presented as
percentages, and continuous data were presented using
mean and standard deviation. Univariable analysis was
performed using a two-sample t-test for numerical data and a
Pearson’s correlation for data relationships between the two
groups.
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The patients were classified into two groups based
on the method by which BVM ventilation was administered:
(1) the manual procedure group, consisting of patients who
were provided oxygen using a 1,500 ml self-inflating bag
with a reservoir made from plastic materials that re-expand
after being manually collapsed, and (2) the oxygen-powered
inhalation device group, consisting of patients who were
provided oxygen using the Oxylator® FR-300 (CPR Medical
Devices Inc., Canada; weight 0.18 kg; maximum inspiration
flow rate 30 LPM; auto minute volume 10 to 12 LPM with
auto-adjusting ventilation rate).

Results
The 79 subjects were divided into two groups and

examined. Patient characteristics are shown in Table 1. The
mean age of the patients in the oxygen-powered inhalation
BVM group was 56.3+9.7 years, and 71.8% (n = 28) of them
were male. The number of patients with diabetes mellitus,
hypertension, and chronic kidney disease did not differ
between the two groups.

The mean respiratory rate (RR) in both groups
was 42.2 per minute at minute 0. In the oxygen-powered
inhalation BVM group this decreased to 30.2+3.2 after 2
minutes of ventilation, which was significantly lower than in
the manual BVM group (p<0.05), as shown in Figure 1.

In both groups, the mean oxygen saturation was
86.2% at minute 0. This increased to 97.0+2.6 in the oxygen-
powered inhalation BVM after 2 minutes of ventilation, which
was significantly higher than in the manual BVM group (p =
0.036), as shown in Figure 2.

Discussion
In many Western countries, oxygen-powered

inhalation devices are used by first responders in prehospital
care. The benefits of these devices are that they are easy to
use and only require one person to operate. The present
study found that the oxygen-powered inhalation devices
(Oxylator® FR-300) significantly reduced RR and increased
mean oxygen saturation after two minutes of use in EMS
dyspnea patients, results that are consistent with those of a
previous study(11). This may be due to oxygen-powered
inhalation devices having a more constant low flow rate and

pressure limit oxygen supply than manual BVM devices(12).
The oxygen-powered inhalation devices can be used during
cardiopulmonary resuscitation (CPR) to reduce interruptions
in chest compressions or lung hyperventilation(13,14). A
previous study(12,13) found that measured RR, mean oxygen
saturation, and end tidal carbon dioxide (ETCO

2
) provided

by oxygen-powered inhalation devices were comparable with
those provided by manual BVM. However, that study
collected data in an ambulance, which limited the effectiveness
of the ETCO

2
 detector.

The present study was limited in that it did not
examine patients who had been injured or other non-cardiac
arrest patients. It also did not examine body mass index
(BMI), weight, or height, which may have affected
oxygenation and ventilation.

Manual BVM Oxygen-powered p-value
n = 40, (%) inhalation BVM

n = 39, (%)

Sex: male 28 (70.0) 28 (71.8) 0.684
Age (years), mean + SD 56.7+8.6 56.3+9.7
Comorbidities

Hypertension 22 (55.0) 18 (46.2) 0.632
Diabetes mellitus 20 (50.0) 18 (46.2) 0.585
Chronic kidney disease 14 (35.0) 10 (25.6) 0.610
Others    8 (20.0)    6 (15.4) 0.520

Table 1. Characteristics of the subjects

Figure 1. Comparison of mean respiratory rate.

Figure 2. Comparison of mean oxygen saturation.
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Conclusion
Oxygen-powered inhalation devices reduce RR

and increase mean oxygen saturation in EMS patients with
dyspnea.

What is already known on this topic?
Patients with low oxygen saturation can be given

oxygen using various equipment configurations.

What this study adds?
Oxygen-powered inhalation devices can play an

important role in airway management for EMS patients.
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   ⌫        

 ⌦ ⌫⌦⌦⌫


 ⌫⌫

⌫ ⌦   ⌫  ⌫  ⌫ ⌫
    ⌫
 ⌦  

⌦ ⌫⌫  ⌫    ⌫  ⌫
⌫  ⌫  ⌫
      ⌫
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