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Abstract— An alternative method for the measurement of 

inspiratory pressure in anesthesia machines programmed in 

pressure-controlled mode is proposed using a commercial 

pressure gauge, where five anesthesia machines of the same 

model were evaluated by carrying out the measurements in 

five pressure intervals for each of them. In order to perform a 

comparison and validation of the proposed method, a gas 

flow analyzer was used as the gold standard, and based on the 

results, it is shown that the proposed method is a reliable 

alternative of lower cost than the common procedures and it 

has greater accessibility to health centers that have a limited 

financial budget. Among the measurements obtained with the 

two measuring instruments used it exists an average 

difference of -0.51 cmH2O and it was verified that there is 

agreement between them by the method of Bland-Altman. 
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I. INTRODUCTION 

In Mexico, there are two government agencies in health: 

1) National Center for Technological Excellence in Health 

(CENETEC, for its acronym in Spanish). It provides 

information based on the best possible evidence for the 

management and appropriate use of health technologies, 

the information issued is not mandatory, but it is used as 

a guide [1]. 

2) Federal Commission for Protection against Health Risks 

(COFEPRIS, for its acronym in Spanish). Authority in 

charge of protection against health risks in the country 

and it is mandatory to comply with what is established 

[2]. 

These organizations refer to different aspects in 

terms of health, the CENETEC information is taken as a 

guide for hospitals or staff interested in being of a mandatory 

nature. However COFEPRIS is an authority where what it 

establishes is obligatory and must be fulfilled by the 

institutions that provide services in areas of health sector, 

food, medicines, etc. 

Thus, at present, there are no standards that require 

establishments that provide health services, whether public or 

private, to carry out calibrations of medical equipment, in 

addition, there are few laboratories accredited with ISO / IEC 

17025: 2005 that offer the service of calibration to medical 

equipment, for that reason an alternative method is proposed 

for the calibration of anesthesia machines. 

The anesthesia machine is a device that provides 

oxygen, nitrous oxide, other medical gases and anesthetic 

agents. Its main components are the high, medium and low 

pressure gas supply system, the patient circuit or breathing 

circuit (with or without ventilator) and the gas absorption 

system. It includes alarms, gas analyzers and monitors with 

their respective deployment and registry [3]. It has three main 

purposes, which in order of importance are: supply oxygen to 

the patient, provide a mean of ventilation with positive 

pressure and provide the patient with inhalational anesthetic 

agents [4]. 

Such medical equipment requires maintenance, 

calibration, repair, training to the user and decommissioning; 

these are activities managed by biomedical engineers [5]. 

Measuring instruments to perform preventive 

maintenance tests on anesthesia machines are gas flow 

analyzers, which are expensive in Mexico, so they are not 

accessible to any health center on a limited budget. Some of 

the gas analyzers in the national market are the Fluke VT305 

(Fluke Biomedical, Cleveland), Citrex H5 (Imtmedical, 

Buchs), FA Plus Certificate 4080 (TSI, Shoreview), among 

others, which cost more than $4000 USD (Administrative 

staff, personal communication, June 1st, 2017), thus 

proposing an alternative method of pressure measurement of 

low cost and accessible to the interested personnel.  

The objective of the present paper is to compare the 

results of two measurement instruments by performing 

calibration activities in the pressure magnitude, which is 

defined as: “operation that, under specified conditions, in a 

first step, establishes a relation between the quantity values 

with measurement uncertainties provided by measurement 

standards and corresponding indications with associated 

measurement uncertainties and, in a second step, uses this 

information to establish a relation for obtaining a 

measurement result from an indication"[6]. Medical 

equipment must be periodically calibrated to ensure accuracy 

and precision in accordance with its corresponding standards 

and regulations, if there are significant discrepancies between 

the indicated value of a medical equipment and the magnitude 

that is supplied to a patient, an adjustment must be made [7].  

The measurements were performed in pressure-

controlled mode because when there is a failure of the 

ventilator can produce a pulmonary barotrauma, which is 

caused by some risk factors such as: peak inspiratory pressure 

(PIP), positive end expiratory pressure (PEEP), and 

underlying disease. It has been reported that between 4 and 

15% of the patients who have received mechanical ventilation 

present a clinical picture of pulmonary barotrauma. Some of 

the clinical complications generated by barotrauma are 

pneumothorax, pulmonary interstitial emphysema, 

subcutaneous emphysema, pneumoperitoneum, air 

embolization, among others [8, 9]. 

The ventilation mode used to perform the 

measurements is described below. 

A. Pressure Ventilation Mode 

The ventilators of the anesthesia machines commonly have 

two modes of control for mechanical ventilation: pressure and 

volume. The pressure-controlled mode is the ventilation 

mode in which the maximum pressure peak is programmed at 

each inhalation. The volume inspired depends on patient 

compliancy and airway resistance. This modality is 
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commonly used in neonatal patients or with severe lung 

disease [10]. 

Pressure is a factor that must be taken care of in 

order not to harm the patient. This is why the values used in 

the processes are standardized, see Table I, where the 

pressures are classified according to the complexity of the 

anesthesia machine. 

Type of anesthesia machine Inspiratory pressure 

Basic 10 -50 cmH2O 

Intermediate 10 – 50 cmH2O 

High specialty 5 – 60 cmH2O 

Table 1: Pressures Based On The Complexity Of The 

Anesthesia Machine 

 Relationship between pressure ranges with the type of 

anesthesia machine. 

 Reference: Technical Specifications Certificate, 

CENETEC, 2013. 

II. METHODOLOGY 

To perform the evaluation of the anesthesia’s machine peak 

inspiratory pressure (PIP), two measuring instruments with 

different resolution and accuracy were used:  

1) Testo 510i (Testo, Lenzkirch) pressure gauge with 

resolution of 0.01 cmH2O and accuracy of 1.5% ± 0.254 

cmH2O [11]. 

2) Fluke VT305 Gas Flow Analyzer (Fluke Biomedical, 

Cleveland) with a 0.1 mbar resolution and accuracy of 

0.75% or ± 0.1 mbar [12].  

To measure the ambient temperature and relative 

humidity conditions at the test site, an EXTECH 445703 

thermohygrometer (Extech Instruments, Waltham) with 

current calibration report was used. 

The results obtained with the measuring instruments 

are traceable to the National Metrology Center (CENAM, for 

its acronym in Spanish) and the National Institute of 

Standards and Technology (NIST). 

The measurements were made in a hospital located 

in the state of Guanajuato, Mexico. Which has five anesthesia 

machines. 

The PIP was measured in each of the five Datex 

Ohmeda Aespire S / 5 anesthesia machines (Datex Ohmeda, 

Washington), which were configured in a pressure controlled 

ventilation mode (PCV), with a respiratory rate (RR) of 12 

bpm, a positive end-expiratory pressure (PEEP) of 0 cmH2O 

and an inspiration-exhalation ratio (I:E) of 2:1.  

Pressure measurements of the anesthesia machine 

were performed in five intervals 10, 15, 20, 25 and 30 cmH2O 

upwardly according to the range of admissible pressures of 

the test lung which did not compromise the lung compliance 

characteristics of proof. 

Fig. 1 shows the arrangement corresponding to the 

proposed alternative method, it is shown in Fig. 2 the 

arrangement used to perform the measurements with the gold 

standard. 

 
Fig. 1: Connection for measurements using the alternative 

method with Testo 510i pressure gauge. 1. Anesthesia 

Machine, 2. Patient Circuit, 3. Testo 510i Pressure Gauge 

(Testo, Lenzkirch), 4. Connection hose, 5. Accessory for 

pressure measurement, 6. Digital tablet with the installed 

application of “Testo Probes”, 7. ACCU LUNG II (Fluke 

Biomedical, Cleveland). 

 
Fig. 2: Connection for measurements with Fluke VT305. 1. 

Anesthesia Machine, 2. Patient Circuit, 3. Fluke VT305 Gas 

Flow Analyzer (Fluke Biomedical, Cleveland), 4. ACCU 

LUNG II (Fluke Biomedical, Cleveland). 

The results of the measurements for each anesthesia 

machine were reported with the arithmetic mean (x̅) with their 

corresponding expanded uncertainty (U) for each 

measurement interval, according to Equation (1) using a 95% 

confidence level assuming a normal distribution. 

    U = uc ∙ k                                  (1) 

Where U is the expanded uncertainty, uc is the 

combined uncertainty, estimated by Equation (2) and k is the 

coverage factor (k = 2) 

                   uc = √∑ [ 
∂f 

∂Xi 
∙ U(xi)]2N

i=1                             (2) 

Where:  
∂f 

∂Xi 
 = Sensitivity coefficient 

U(xi) = Standar uncertainty 

i= Total number of sources of uncertainty 

III. RESULTS 

The values presented in Table II consist of the average of five 

measurements in each interval. The corresponding 

uncertainty was calculated and the results were as follows: 

 

 

Anesthesia Machine 1 

Programmed 

values 

(cmH2O) 

Testo 510i 

indicated value 

(cmH2O) 

Fluke VT305 

indicated value 

(cmH2O) 

10 7,00 ± 0,59 7,5 ± 0,61 

15 10,36 ± 0,61 10,8 ± 0,61 

20 14,98 ± 0,58 15,4 ± 0,60 

25 19,04 ± 0,59 19,4 ± 0,62 

30 22,53 ± 0,97 23,6 ± 0,84 
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Anesthesia Machine 2 

Programmed 

values 

(cmH2O) 

Testo 510i 

indicated value 

(cmH2O) 

Fluke VT305 

indicated value 

(cmH2O) 

10 9,30 ± 0,77 9,4 ± 0,65 

15 13,60 ± 0.67 13,8 ± 0,59 

20 18,50± 0,61 18,6 ± 0,60 

25 23,50 ± 0,70 24,2 ± 0,62 

30 28,50 ± 1,11 30,0 ± 0,64 

Anesthesia Machine 3 

Programmed 

values 

(cmH2O) 

Testo 510i 

indicated value 

(cmH2O) 

Fluke VT305 

indicated value 

(cmH2O) 

10 6,61 ± 0,59 7,5 ± 0,62 

15 9,76 ± 0,62 10,3 ± 0,59 

20 13,40 ± 0,59 14,0 ± 0,60 

25 16,77 ± 0,61 17,4 ± 0,61 

30 19,75 ± 0,61 20,4 ± 0,63 

Anesthesia Machine 4 

Programmed 

values 

(cmH2O) 

Testo 510i 

indicated value 

(cmH2O) 

Fluke VT305 

indicated value 

(cmH2O) 

10 6,21 ± 0,62 6,8 ± 0,63 

15 10,60 ± 0,62 11,0 ± 0,59 

20 15,39 ± 0,59 16,0 ± 0,60 

25 19,50 ± 0,59 19,9 ± 0,61 

30 24,40 ± 0,59 25,0 ± 0,62 

Anesthesia Machine 5 

Programmed 

values 

(cmH2O) 

Testo 510i 

indicated value 

(cmH2O) 

Fluke VT305 

indicated value 

(cmH2O) 

10 4,12 ± 0,58 4,3 ± 0,61 

15 6,90 ± 0,58 6,9 ± 0,58 

20 10,40 ± 0,59 10,4 ± 0,59 

25 14,40 ± 0,60 14,4 ± 0,60 

30 17,90 ± 0,61 17,9 ± 0,61 

Table 2: Comparison of Measurements Between The 

Measuring Instruments Used In The Form x̅ ± U. 

The results were analyzed with Bland-Altman 

method [13], plotting the average value of each measurement 

of the instruments used versus the difference in the average 

of PIP measurements of each anesthesia machine obtained, 

the results are shown in Fig. 3. 

IV. DISCUSSION 

The anesthesia machines 1 and 3 to 5 of Table II, it is 

observed a discrepancy between the values programmed in 

anesthesia machines and the measurements with the 

measuring instruments used. The Testo 510i pressure gauge 

was calibrated, so it provides confidence in each PIP 

measurement. 

Only the anesthesia machine 2 indicates more 

precise values according to the set programming. The rest of 

the anesthesia machines (1, 3 to 5) do not meet the tolerances 

specified by the manufacturer. 

The tolerance set by the manufacturer within the 

limits of the PCV mode must not exceed ±2 cmH2O [14]. 

 
Fig. 3: Bland-Altman plot Testo 510i vs Fluke VT305. 

Where: AM: Anesthesia machine under test, AL: Agreement 

Limits of 95%, AD: Average of differences. 

Fig. 3 shows the Bland-Altman plot, which was used 

to evaluate the agreement between the obtained results with 

the two measurement devices used. For this, the average 

difference of the PIP measurements of each anesthesia 

machine obtained by each measuring instrument was plotted 

versus the average value of each measurement of the 

instruments used. The width of the agreement limits has a 

confidence level of 95%. With the results presented in this 

work it is observed in Fig. 3 that 96% of the results are within 

the agreement limits and follow a normal distribution, the 

remaining 4% corresponds to an atypical value of the 

Anesthesia Machine 2 with a programmed value of 30 

cmH20. 

As shown in Fig. 3, the results of the Fluke VT305 

for the PIP are higher than Testo 510i with an average 

difference of -0.51 cmH2O. 

The measuring instruments used show significant 

differences in the measurements. The Fluke VT305 

instrument has better measurement accuracy (0.75% o ± 0.1 

mbar) in comparison to the Testo 510i (1.5% ± 0.254 

cmH2O), however, the second has better measurement 

resolution (0.01 cmH20) than the first (0.1 mbar) [11,12].   

An average time of 10 minutes per anesthesia 

machine is required using the Fluke VT305 instrument to 

perform the 25 measurements, while the Testo 510i requires 

an average time of 15 minutes. 

Sampling frequencies are 1 sample per second for 

the Testo 510i and 125-200 samples per second for the Fluke 

VT305 [9,10]. Furthermore, the gas flow analyzers 

commonly used as the Fluke VT305 require a costly 

calibration process and a long waiting time, these devices 

have the limitation of being calibrated by laboratories not 

accredited by the Mexican Accreditation Entity (EMA, for its 

acronym in Spanish). The Testo 510i requires a lower cost 

calibration with a waiting time of less than 3 days and the 

facility to find national calibration laboratories accredited by 

the EMA with traceability to CENAM (Administrative staff, 

personal communication, June 1, 2017).  

The method proposed in this paper is not intended to 

replace the methodology implemented by Fluke Biomedical, 

but rather an alternative for health centers that do not have the 

economic resources to purchase expensive equipment.
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V. CONCLUSION 

Five anesthesia machines used daily in the hospital where the 

measurements were performed and based on the proposed 

method, four of them require an adjustment process since the 

results are out of the allowed range for these anesthesia 

machines (± 2 cmH2O). 

The validation of the method can be corroborated in 

Fig. 3 where it can be observed that most of the points 

corresponding to each anesthesia machine are within the 

agreement limits that have a variability of 2.1 cmH2O, it is to 

conclude that there is agreement between the methods and 

that the values obtained with the Testo 510i are similar to 

those obtained with the Fluke VT305, in this way it is 

confirmed that the proposed method is viable for the 

objectives established in this work. 

It is of vital importance to measure the anesthesia 

machines periodically so as to be able to verify that the results 

that are programmed in the same ones are the suitable ones 

and if this is not so to make an adjustment, this is why this 

method is proposed for calibration of machines of anesthesia 

as an initiative to work together with the CENAM for those 

health centers that do not have the economic resources. 

The authors recommended that the hospital carry out 

corrective maintenance on each of the anesthesia machines 

that were tested except for the anesthesia machine 2, since 

with the calibration results they indicate a mismatch repair 

that exceeds the tolerance range for these medical equipment.  
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