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Abstract 
The COVID-19 pandemic has had a major impact on health care services, 
leading to a breakdown in public and private health systems worldwide. A 
major challenge was the scarcity of mechanical ventilators, which resulted in 
the use of anaesthesia devices for this purpose. However, they are quite dif-
ferent from mechanical ventilators used in Intensive Care Units and some 
adaptations, such as the use of high flow to reduce CO2 rebreathing, were 
necessary to ensure patient safety. The objective of this study was to present a 
mathematical formula and develop a tool that can be used to adjust the flow 
of oxygen and air in flow metres of anaesthesia devices that do not have oxy-
gen analysers or these analysers are not operational. A literature review was 
conducted using the main health databases and libraries as research sources: 
PubMed, Virtual Health Library (VHL), SciELO, and Cochrane. The review 
included studies published in English, Spanish, and Portuguese. Animal 
studies were excluded. A total of 11 references were included to support this 
article. 
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1. Introduction 

The COVID-19 pandemic has had a major impact worldwide. The lack of me-
chanical ventilators in different parts of the world resulted in the need to use 
anaesthesia devices to provide ventilatory support for COVID-19 patients [1] 
[2]. As anaesthesia mechanical ventilators work differently from the mechanical 
ventilators used in intensive care units (ICU) and health professionals in this 
area do not routinely work with these devices, their improper use can result in 
serious consequences for the patient, such as hypercapnia and hypoxia [3] [4] 
[5]. 

One of the difficulties observed in the use of this equipment is how to deter-
mine the fraction of inspired oxygen (FiO2), since many anaesthesia devices have 
no specific mechanisms (oxygen analyser) for determining this fraction. Another 
common difficulty occurs in some multiparametric monitors: they often do not 
have any gas analyser or they just have capnography incorporated in their sys-
tem. This study emphasises that these two devices should always be present, and 
that no mathematical formula will replace them [6]. 

FiO2 calculation is only one of the challenges that may be encountered when 
using some anaesthesia devices as mechanical ventilators in the ICU. The ade-
quate adjustment of ventilatory parameters is of paramount importance for the 
treatment of patients on ventilatory support, whether due to COVID-19 or not, 
and its improper adjustment can be dangerous [3] [5]. Due to the scarcity of 
studies addressing the topic of O2 and air flow measurement based on FiO2 and 
total fresh gas flow (FGF), the objective of this study is to present a mathematical 
calculation and develop a tool that would allow the quick and precise adjustment 
of these parameters, considering the recommendations for the use of high flow 
when anaesthesia devices are used in the ICU [7]. 

2. Methods 

A literature review was conducted using the main health databases and libraries 
including PubMed, Virtual Health Library (VHL), SciELO, and Cochrane as re-
search sources. The review included studies published in English, Spanish, and 
Portuguese. Animal studies were excluded. These studies were analysed and 
summarized by pairs. 

3. Results 

A total of 11 references were included to support this article. Most of these ref-
erences were published only online due to the pandemic and its rapid onset. 
Some references are considerations for the use of anaesthesia machines as ICU 
ventilators in case of shortage of these machines. 

4. Discussion 

Use of anaesthesia machines for long periods 
The use of anaesthesia devices for a long period revealed the need to fre-
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quently replace the CO2 absorber due to its rapid saturation [1]. This replace-
ment can lead to problems such as the possibility of depleting the stocks of CO2 
absorbers and the need to stop mechanical ventilation for replacement, leading 
to a higher risk of contamination for the medical staff. In addition, there is a risk 
of incorrect assembly or even rupture of the canister. This would require its re-
placement, which is sometimes impossible since another canister may not read-
ily be available [8] [9]. 

There is no consensus on the ideal FGF since these devices were not devel-
oped to be used for several days. High FGF would reduce the use of CO2 absorb-
ers and would prevent the risk of hypercapnia due to CO2 rebreathing. Some 
anaesthesia device manufacturers recommended an FGF greater than or equal to 
150% of patient’s minute volume and another one recommends at least 100% of 
the patient minute volume. It is important to remember that the use of humidi-
fying and heating filters is essential, since the use of a high FGF tends to lead to 
drier and not heated inhaled gases [2]. 

The minute volume (VE) is not always fixed as it depends on the depth of se-
dation and muscle relaxation. In the operating room, the degree of muscle re-
laxation and sedation seems to be more tightly controlled by the anaesthetist and 
VE is usually fixed since mandatory ventilation is more frequently used. How-
ever, in the ICU department the degree of muscle relaxation and sedation does 
not seem to be so tightly controlled and VE can vary more frequently [7]. Some 
patients exceed the preestablished volume and, therefore, a trained health pro-
fessional need to reset it. In most anaesthesia machines, the volume- or pres-
sure-controlled ventilation modes are mandatory modes and use an adjustable 
FGF determined by the operator due to the absence of a trigger, unlike ICU ven-
tilators, which have a trigger in these ventilation modes. These are, in fact, as-
sisted-controlled modes in ICU [10]. 

However, despite these recommendations, there is still no solution for FGF 
management in anaesthesia devices when they are used as ICU ventilators in 
fully controlled modes in cases of asynchrony, which are not uncommon in this 
hospital department. So, we do not recommend using anaesthesia machines as 
mechanical ventilators in ICU, but we know they were used like this during the 
COVID-19 pandemic as only a few hospitals had enough mechanical ventilators 
for such a large number of patients. As an example, in circular system this for-
mula can be imprecise [11]. 

Considering that many anaesthesia machines do not allow the accurate con-
trol of the desired FiO2, it is important to calculate the necessary O2 and air flow 
to determine this FiO2 when adjusting anaesthesia ventilators [6]. The formula is 
very useful for anaesthesia machines without an oxygen analyser or with a mal-
functioning one. In these cases, it would be possible to estimate FiO2 by making 
the ideal mixture of O2 and air. The formula published here has only two variables: 
FiO2 and total flow. These are used to determine the flow of one gas and, subse-
quently, determine the flow of another gas by subtracting the total flow (Appen-
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dix). This formula is a simple mathematical calculation and Appendix explains it. 
FiO2 adjustment tool 
The authors designed a webpage to facilitate the calculation of oxygen and 

compressed air flow to obtain the desired FiO2. The page was developed in 
HTML, CSS, and JavaScript, the most used web development technologies. In 
addition, the Bootstrap Library was used to assist in the development and ensure 
a design like the one used in most mobile devices. Access can be obtained using 
this link: https://alencar-felipe.github.io/o2-flow. O2 and air flows are obtained 
by filling the two fields with FiO2 and total flow. A table was included to be used 
as a general guide when it is impossible to access the webpage (Table 1). 

5. Conclusion 

There is currently no intention of replacing ICU ventilators with anaesthesia de-
vices, as they were not built for this purpose and we know in circular system this  

 
Table 1. Air and O2 flow-anaesthesia device. 

FiO2 Ftot FO2 Fair FIO2 Ftot FO2 Fair FiO2 Ftot FO2 Fair FiO2 Ftot FO2 Fair 

0.3 4 0.46 3.54 0.5 4 1.47 2.53 0.7 4 2.48 1.52 0.9 4 3.49 0.51 

0.3 5 0.57 4.43 0.5 5 1.84 3.16 0.7 5 3.10 1.90 0.9 5 4.37 0.63 

0.3 6 0.68 5.32 0.5 6 2.20 3.80 0.7 6 3.72 2.28 0.9 6 5.24 0.76 

0.3 7 0.80 6.20 0.5 7 2.57 4.43 0.7 7 4.34 2.66 0.9 7 6.11 0.89 

0.3 8 0.91 7.09 0.5 8 2.94 5.06 0.7 8 4.96 3.04 0.9 8 6.99 1.01 

0.3 9 1.03 7.97 0.5 9 3.30 5.07 0.7 9 5.58 3.42 0.9 9 7.86 1.14 

0.3 10 1.14 8.86 0.5 10 3.67 6.33 0.7 10 6.20 3.80 0.9 10 8.73 1.27 

0.3 11 1.25 9.75 0.5 11 4.04 6.96 0.7 11 6.82 4.18 0.9 11 9.61 1.39 

0.3 12 1.37 10.63 0.5 12 4.41 7.59 0.7 12 7.44 4.56 0.9 12 10.48 1.52 

0.3 13 1.48 11.52 0.5 13 4.77 8.23 0.7 13 8.06 4.94 0.9 13 11.35 1.65 

0.3 14 1.59 12.41 0.5 14 5.14 8.86 0.7 14 8.68 5.32 0.9 14 12.23 1.77 

0.4 4 0.96 3.04 0.6 4 1.97 2.03 0.8 4 2.99 1.01 

0.4 5 1.20 3.80 0.6 5 2.47 2.53 0.8 5 3.73 1.27 

0.4 6 1.44 4.56 0.6 6 2.96 3.04 0.8 6 4.48 1.52 

0.4 7 1.68 5.32 0.6 7 3.46 3.54 0.8 7 5.23 1.77 

0.4 8 1.92 6.08 0.6 8 3.95 4.05 0.8 8 5.97 2.03 

0.4 9 2.16 6.84 0.6 9 4.44 4.56 0.8 9 6.72 2.28 

0.4 10 2.41 7.59 0.6 10 4.94 5.06 0.8 10 7.47 2.53 

0.4 11 2.65 8.35 0.6 11 5.43 5.57 0.8 11 8.22 2.78 

0.4 12 2.89 9.11 0.6 12 5.92 6.08 0.8 12 8.96 3.04 

0.4 13 3.13 9.87 0.6 13 6.42 6.58 0.8 13 9.71 3.29 

0.4 14 3.37 10.63 0.6 14 6.91 7.09 0.8 14 10.46 3.54     

Fraction of inspired O2 = FiO2; Total fresh gas flow (FGF), Ftot; O2 flow, FO2; Compressed air flow, Fair; Total flow always > Minute volume; Total flow = 
Minute volume × 1.4 (to maintain a safety margin). 
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formula can be imprecise. However, in situations where there are shortages of 
mechanical ventilators, anaesthesia devices can be a valuable resource if used 
correctly. There is no guarantee that this situation will not reoccur in the future, 
but devices without resources like an oxygen analyser, can be the only available 
ventilator in less prepared environments. It must be stressed that all anaesthesia 
machines should have an oxygen analyser and it should be mandatory. The final 
objective of this study was to present a methodology for the calculation of O2 
and air flow based on FiO2 and FGF and to develop a tool that safely adapts this 
flow to assist professionals (especially non-anaesthetists) who may need to oper-
ate these devices, which they do not routinely work with, in order to significantly 
increase patient safety. We must stress that we do not guarantee a precise FiO2 
with this formula but it can be very useful in cases where anaesthesia machines 
need to replace mechanical ventilators. This happened during the Covid-19 
pandemic. 
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Appendix. Formula for Fresh Gas Flow Calculation  

Considering x as the air flow, y as the O2 flow, and Fi as the fraction of inspired 
oxygen, we will determine the O2 flow assuming that F = fresh gas flow:  

0.21x y F Fi+ = ⋅                        (1) 

Knowing that F is given by 

x y F+ =                            (2) 

x F y= −  
( )0.21 F y y F Fi− + = ⋅  

0.21 0.21F y y F Fi− + = ⋅  
0.79 0.21y F Fi F= ⋅ −  

( )0.79 0.21y F Fi= ⋅ −  
( )0.21

0.79
Fi F

y
−

=                         (3) 

Therefore, using (1) and (2), we get formula (3) which determines the O2 flow 
in terms of fraction of inspired oxygen and total gas flow. 

x F y= −  or 

Using Equations (2) and (3), we conclude that the air flow is given by: 

( )1
0.79

F Fi
x

⋅ −
=                         (4) 

Some considerations are necessary for the use of formula (3). It is initially ob-
served that if Fi = 0.21 (21%), then y = 0, that is, there is no O2 flow. 

If Fi is maximum, that is, Fi = 1 (100%), it follows the total flow that is equal 
to the O2 flow, which means that there is no gas other than O2. 
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