Journal of Electronics, Electromedical Engineering, and Medical Informatics

Multidisciplinary: Rapid Review: Open Access Journal

Vol. 5, No. 1, January 2023, pp: 53-58; elSSN: 2656-8632

RESEARCH ARTICLE

Manuscript received December 08, 2022; revised December 28, 2022; accepted January 26, 2023; date of publication January 30, 2023
Digital Object Identifier (DOI): https://doi.org/10.35882/jeemi.v5i1.277

Copyright © 2023 by the authors. This work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0
International License (CC BY-SA 4.0)

How to cite: Muhammad Ridha Mak’ruf, Novella Lasdrei Anna Leediman, Andjar Pudji, “Analysis of Stability and Accuracy of Gas Flow in High
Flow Nasal Canule for COVID-19 Patients”, Journal of Electronics, Electromedical Engineering, and Medical Informatics, vol. 5, no. 1, pp. 53—
58, January 2023

Analysis of Stability and Accuracy of Gas Flow
in High Flow Nasal Cannula for COVID-19
Patients

Muhammad Ridha Mak’ruf'"*’, Novella Lasdrei Anna Leediman’, Andjar Pudji'"”’, and Erwin L. Rimban?

"Department of Medical Electronics Technology, Poltekkes Kemenkes Surabaya, Indonesia
2 Cagayan State University, Philippines

#“Corresponding author: Muhammad Ridha Mak’ruf (email: ridha@poltekkesdepkes-sby.ac.id)

ABSTRACT In December 2019, the world was introduced to a new coronavirus called severe acute respiratory syndrome
(COVID-19). In this case, the primary strategy proposed for COVID-19 patients including a supportive care using high-flow
nasal oxygen therapy (HFNC) reported effective in improving oxygenation. Stability is the ability of a medical device to
maintain its performance. Medical equipment must have stability to maintain its critical performance conditions over a certain
time. Meanwhile, accuracy is the closeness of agreement between the value of a measuring quantity and the value of the actual
quantity of the measuring quantity. The purpose of this study was to ensure that the readings of the HFNC device are accurate
and stable so that it is safe and comfortable when used on patients. The development of the equipment used by the author
added graphs to the TFT LCD to help monitor stable data in real time so that officers can monitor the stability of the flow and
fraction of oxygen in the device. This study used Arduino Nano, GFS131 sensor, and Nextion TFT LCD to display the results.
The test was carried out by comparing the setting value of the HFNC tool that appears on the TFT LCD with a gas flow
analyzer with a measurement range of 20 LPM to 60 LPM for 5 times at each point. Based on the measurements on the gas
flow analyzer, the HFNC module had an average error (%) of 6.40%, with an average uncertainty (Ua) of 0.05. The conclusion
made from these results is that the calibrator module had a relative error (error value) that was still within the allowable
tolerance limit, which is £10%. Therefore, the tool was precise because of the small uncertainty and good stability of the
stability test carried out within a certain time.

INDEX TERMS High Flow Nasal Canule, Stability, Accuracy, Oxygen, Flow

. INTRODUCTION levels of virus-infected bio-aerosols as far as 20 cm of the

In recent years, High Flow through Nasal Cannula (HFNC)
has been introduced in clinical practice. HFNC delivers an
oxygen mixture of heated moist air to the patient, with a range
of inspired oxygen fraction (FiO2) from 21 to 100% and a flow
of up to 60 L/min through a large perforated nasal cannula
[17[2]. HFNC has several potential advantages for COVID-19
patients [3] [4][5]. First of all, HFNC provides heating (37°C)
and humidified air-oxygen mixture (44 mg/L) to the patient,
which avoids injury to ciliary movement, reduces
inflammatory response associated with dry and cold gas,
damage to ciliary epithelial cells, and loss of airway water, as
well as keeps the bronchial water content from being modified
by secretions [6]. In addition, in vitro and clinical studies have
shown that placing a simple surgical protective mask on
patients significantly reduces the dispersion distance and
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patient coughs [7]. Such surgical masks may be worn by
patients who are oxygenated via a nasal cannula (standard
nasal cannula or HFNC) but not if using a simple, non-
rebreathing or Venturi oxygen mask. In this report, we
described our recent experience with HFNC after it was
widely accepted into practice in two major referral health
centers, to include frequency of use and the efficacy and safety
of HFNC compared with previous results with non-invasive
respiratory support consisting of NCPAP [8] [9].

Medical equipment must have stability to maintain its
critical performance conditions over a certain time.
Meanwhile, accuracy is the closeness of agreement between
the value of a measuring quantity and the value of the actual
quantity of the measuring quantity [10][11]. In this case,
medical devices with diagnostic or measurement (including
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monitoring) functions, where inaccuracies can have a
significant adverse effect on the patient, shall be designed
and manufactured in such a way as to provide adequate
accuracy, precision, and stability for the intended purpose
of the instrument [12]. Accuracy can be obtained only from
correct calibration activities, while stability and reliability
can be known from testing. On this basis, it is necessary to
carry out regular testing and calibration of instruments.
Testing is an activity to determine one or more
characteristics of a material or instrument, so that the
conformity between the characteristics and specifications
can be ascertained [13], [14]. Meanwhile, calibration is an
activity to determine the conventional truth of the
appointment of measuring instruments and measuring
materials [15].

In a previous study carried out in 2020, A. Agarwal made
Measuring Instrument for Detecting Volume of Gas Usage
Medical Oxygen as the Basis for Determining Tariffs [16].
This tool uses a flow sensor (hall effect) which can only
measure a maximum flow of 20 LPM. In this case, the error
obtained was quite large, which is 13.5%. Furthermore,
Muhammad Khoshi'in created a Volume Counter and Usage
Timer Oxygen [17] using the AWMS000 sensor which can
only measure up to 20lpm. In this case, the tool had an
accuracy of only 44%-66.4%, which was considered not
good enough. In addition, A. Prakoso in 2018, made Design
and Simulation of Automatic Control Valves for Gas
Flowmeter Calibrator from Bell Prover [18] to measure gas
flow rate at 250 — 1200 LPM. However, this study did not
measure the flow rate of gases with low range as in oxygen
flowmeter for the patient. Yunaifi Niswatul Firdaus then
made Measuring Oxygen Concentration and Flow in the
Ventilator [19] to measured oxygen levels and velocity
oxygen flow with character LCD interface for displaying the
readings. In this case, the researcher used the OCS 03F
sensor. The accuracy value of the tool was considered good
but can only measure the rate gas flow at 0 — 10 LPM
measurement, while the response time according to sensor
specifications was only 0.5 seconds. Furthermore, D. L.
Grieco in 2021 carried out a study on Designing a Gas
Flowmeter Calibrator Tool [20]. This tool has successfully
measured the flow of oxygen gas using the MCS100A 120
gas flow sensor. However, this tool was only able to measure
the flow rate of oxygen 0 — 10 LPM and had a fairly large
average error of -8.326% so it is not suitable for HFNC tools.
In 2020, Meving Oktheresia Yolanda performed an analysis
of the accuracy of calibration results in the design of a gas
flowmeter calibrator using a TFT LCD. This tool also used
the SMF4100 sensor. The tool had an advantage of already
using a TFT LCD with an average error rate of 4.16%, but
can only take measurements from 0-15 LPM so it is not
suitable for HFNC devices with a high flow range.

In the market, HFNC is dominantly a factory-made tool
with quite expensive prices due to imports [21]. In 2020,
LIPI conducted research in the form of locally made HFNC
equipment with a fairly cheap market price. This tool can
provide a flow rate of 5-60 LPM and an oxygen fraction of
21-100% by utilizing jetflow with a character LCD display.
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Furthermore, an analytical review was conducted by Dante
A. Suffredini and Michael G. Allison in 2021 on Reasons for
Use of High-Flow Nasal Cannula for Certain Patients with
Suspected or Confirmed Corona Virus-2 Infection Severe
Acute Respiratory Syndrome which mentions the clinical use
of HFNC must be monitored because if this tool is unstable
and inaccurate, it can cause serious problems for patients
[22].

HFNC tool module can display flow rate measurement
results on the TFT LCD with a display of numbers and
pictures so that it can facilitate monitoring of the stability of
the output flow rate and oxygen fraction on the tool. The
research found that the sensor errors applied to HFNC
designs with different specifications [23]. The error factors
can be in the forms of the sensor itself, proper data collection
(no leaks when collecting data), the output of the amplifier
circuit, and the accuracy of the conversion from Arduino.
The stability performance test of this module was good
because after a stability test has been carried out for a certain
time, the displayed data results still show stability [24].

In the future, this research can be developed using other
sensors or making a better analog conditioning signal. The
module can use two graphic LCDs to make it easier for users
to remotely monitor the stability with the IoT system since
these devices are usually located in the infection room. The
development of this device can also use automatic pulse
oximetry settings for oxygen flow and fraction so that users
do not need to enter the room to change the settings. Based
on previous research, researchers wanted to analyze the
accuracy and stability of flow in HFNC using the GFS131
sensor which can measure high flow rates [19]. The
development of the equipment that the author used was in the
forms of adding graphics to the TFT LCD to help monitor
stable data in real time. With this development, it is hoped
that it can help medical personnel monitor the flow rate and
fraction of oxygen in the device. With the addition of this
TFT LCD, the stability of the flow output and oxygen
fraction of the device can also be obtained. This tool is
expected to be more efficient, especially for developing
domestic products so that they are not inferior to foreign
products. The aim of this study was to ensure the accuracy
and stability of HFNC readings so that they are safe and
comfortable to be used on patients Accuracy and stability
really need attention because they greatly affect the
reliability of HFNC so it must be monitored to ensure that
the patient support is working. The contribution of this study
is as follows:

1. Development of the GFS131 sensor to measure high
flow rates in HFNC

2. Use of a TFT LCD with a graphical output to monitor
the HFNC output in real time

3. The device can facilitate monitoring of accuracy and
stability of HFNC readings so that it is safe and
comfortable when used on patients.

MATERIALS AND METHODS
. EXPERIMENTAL SETUP

> =
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The research data taken were oxygen flow rate came out
from HFNC. The measurements were made 5 times in 5
point of measurement. After that, measurements were made

graph shows a few seconds of gas flow and monitor its
stability.
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FIGURE 1. Block Diagram of Oxygen Flow Measurement to be given to the patient

using a comparison device, named gas flow analyzer.
1) MATERIALS AND TOOL

This study used the GFS-131 sensor to read the output
oxygen flow rate on HFNC. Meanwhile, the component used
was the Arduino Nano as a Microcontroller, GFS-131 as a
sensor to read the output of HFNC, and TFT LCD to display
the results in number and graphic.

2) EXPERIMENT

In this study, researchers compiled a module used for the
data collection on HFNC. The researchers further analyzed
the performance of high-range flow sensor in accordance
with HFNC. The Analysis included the accuracy, stability,
and repeatability of the GFS131 sensor on the HFNC device.
The display output of HFNC is numeric with LPM and used
a graph to make it easier for nurses to monitor and ensure the
output of the tool is always stable.

B. Diagram Block and Flowchart

1. DIAGRAM BLOCK

FIGURE 1 shows the block diagram of this study, where the
module getting the supply voltage turns on the circuit. When
the sensor detects the flow rate, the sensor output voltage
enters the differential amplifier circuit which conditions the
analog signal to be more linear and get a voltage. This circuit
further makes the input voltage to arduino higher than the
sensor output so arduino can read it easily and have better
resolution. The output from the analog signal conditioning
goes to the Arduino at the ADC pin. This input is then
converted into digital data and units of Liters Per Minutes
which is further displayed on the TFT LCD with graphics.
The screen displays the number from the LPM, while the
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2. FLOWCHART

FIGURE 2. shows the flowchart of this study, when the
module gets supply voltage from the battery or the power
supply circuit, it will activate all circuits including GFS 131
sensors, the microcontroller Arduino and the TFT LCD
Nextion [25]. Furthermore, the program initializes the TFT
LCD. The next step is adjusting the flow rate by
turning/opening the setting knob to required flow rate. If the
user does not set the flow, it will wait to setting flow. If the
user sets the flow rate, the flow is detected and reading data
from the gas flow sensor. If sensor can read it, it will be
displayed on the TFT LCD according to the gas flow setting
on the flowmeter. If its not, it will try to read.

( Begin >
v

/ LCD Inisialitation /
v

Reading flow sensor
A/D Converter

v

Display flow sensor
To LCD TFT

v
( End >

FIGURE. 2 Flowchart of Oxygen Flow Measurement to be given to the
patient
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lll. RESULT
The testing of the HFNC module was carried out using a gas
flow analyzer as the comparison tool. The gas flow rate in the
HFNC was compared with the output of the gas flow analyzer
Gas flow rate measurement can be set from 0 LPM to 60
LPM with a resolution of 1 LPM. For the measurements, 5
measurement points were set, namely 20 to 60 LPM. The
results of the gas measurement were recorded (five) 5 times at
each measurement point. At the time of data collection, the
measured room temperature was 24.7°C.

1) GAS FLOW MEASUREMENT RESULTS

Table I shows the results of measuring the gas flow settings
on the HFNC device with settings of 20, 30, 40, 50, and 60
LPM, with 5 data collection per point.

TABLE 1
Measurement of the gas flow retrieval HFNC
Setting Flow Calibrator (Gas Flow Analyzer)
(HFNC) Measurement To- (LPM)

LPM 1 2 3 4 5
20 182 | 184 | 182 | 183 18.4
30 28.5 | 28.6 | 28.4 | 28.6 | 285
40 38 | 38.1 | 379 38 37.9
50 471 | 469 | 47 469 | 47.1
60 557 | 553 | 555 | 557 | 553

2) RESULTS OF DATA FLOW PROCESSING

The processing of the measurement data includes the average
reading of the instrument, the standard deviation, the error
value, and the measurement uncertainty of the acceptability
set by the reference standard. In this case, Table 2 shows the
results of the calculation of data readings and the results of
processing gas flow rate data on the HFNC tool.

TABLE 2
Measurement of the Data Flow Processing HFNC
Setting Standard | Error | Uncertainty
Flow — Average | ) Viation | (%) (Ua)
(LPM) ¢
20 18.30 0.10 8.50 0.04
30 28.52 0.08 4.93 0.04
40 37.98 0.08 5.05 0.04
50 47.00 0.10 6.00 0.04
60 55.50 0.20 7.50 0.09
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Based on the data processing of comparison of the HFNC
flowrate and gas flow analyzer, the error values on the table
above the graph was obtained as below.

9.00%

8.00%

7.00%

6.00%

5.00%

4.00%

3.00%

2.00%

1.00%

0.00%

Error (%)
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FIGURE. 3 Chart Measurement comparison of error values between points

FIGURE 3 shows a comparison of the error values between
measurement points where the lowest error was at the 30
LPM measurement point by 4.93%. Meanwhile, the highest
error was at the 20 LPM point by 8.5%. The reading of the
GFS131 sensor was considered not good because according
to the specifications of the accuracy value of the sensor,
which was 4%. Meanwhile, the results of the readings made

0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

STDV

20 30 40 50 60
Flow rate (Liter Per Minute)

FIGURE. 4 Chart of the measurement inter-point uncertainty to determine
the quality of measurements on the HFNC output

by the researcher had an error of more than 4%. Based on the
data processing of comparison of the HFNC flowrate and gas
flow analyzer, the measurement uncertainty (Ua) values on
the table above the graph was obtained as below. FIGURE 4
The purpose of calculating measurement uncertainty was to
provide an idea of the quality of the measurement.
Measurement uncertainty describes doubts about the results
of a measurement. Meanwhile, the measurement uncertainty

56


http://jeeemi.org/index.php/jeeemi

Journal of Electronics, Electromedical Engineering, and Medical Informatics

Multidisciplinary: Rapid Review: Open Access Journal

Vol. 5, No. 1, January 2023, pp: 53-58; elSSN: 2656-8632

value indicates the quality of the measurement where the
smaller the measurement uncertainty, the more precise the
tool. In Figure 5, the highest measurement uncertainty value
at the 60 LPM point was 0.09, while at the 20 LPM — 50 LPM
point was 0.04. Therefore, this module was considered
precise.

3) STABILITY TEST RESULTS

Table 3 shows the results of testing the stability of the HFNC
tool for 30 minutes to show the performance of the tool with
several flow settings from 20 - 60 LPM. When testing the
stability of the HFNC output, the device was left on and for
30 minutes the output was measured in the first minute and
in the 30" minute.

TABLE 3
Measurement of the stability test output of HNFC for 30 minutes
Calibrator (Gas Flow
Flow
. Analyzer)
Settings . .
(HFNC) | Initial Flow [ Final Flow | Testing Time
LPM Reading Reading
(LPM) (LPM)
20 18.1 18.1 30 minutes
30 28 28 30 minutes
40 37.3 37.3 30 minutes
50 47 47 30 minutes
60 55.5 55.5 30 minutes

Based on the data test stability of the HFNC flowrate, the
stability graph for 30 minutes on the table above the graph was
obtained as below.

60
555 55.5
50
47 47
. 40
Setting 373 37.3
Flow
HFNC 30
(Liter Per 28 28
Minute) 20 . ;
1 8= 8.1
10
0

Initial Flow Reading Final Flow Reading
(Liter Per Minute)  (Liter Per Minute)

FIGURE 5. Chart of the measurement of the output HFNC stability test for
30 minutes

FIGURE 5 shows that the flow rate setting of 20 - 60 LPM for
30 minutes is very stable. This can be seen from the Initial
Flow Reading and Final Flow Reading for 30 LPM values that
did not change.
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IV. DISCUSSION

Based on the measurement results using a comparison tool,
namely a gas flow analyzer, the results can be seen in
TABLE 1, TABLE 2 and TABLE 3. The error value between
measurement points had the lowest error at the 30 LPM
measurement point by 4.93%, while the highest error was at
20 LPM by 8.5%. In terms of feasibility, this module is
considered feasible because overall the error results of this
tool were less than 10%. The highest measurement
uncertainty value was found at the 60 LPM point by 0.09 and
at the 20LPM — SOLPM point was 0.04. Therefore, this
module is considered precise. The stability performance test
of this module is good because after a stability test has been
carried out for a certain time, the displayed data results still
show stability. For High Flow Nasal Canula users, this may
affect the reliability of the device. This makes the feasibility
of HFNC devices not as long as required by the
manufacturer.

This tool can work well and is able to display graphs of
discharge measurement results. However, this tool still has
some drawbacks, including the GFS131 sensor reading
which can be said to be not good because according to the
specifications the sensor accuracy value is 4%, while the
results of the readings carried out by researchers have an
error of more than 4%. Therefore, the tool should use another
type of sensor because the accuracy of the sensor is not good
when applied even though it is precise. Using a larger TFT
LCD orusing 2 TFT LCDs is also recommended so that each
graphic image can be seen more clearly.

V. CONCLUSION

Based on the results of planning, module creation, writing,
and overall data analysis from this study, it can be concluded
that the GFS131 Sensor can measure high flow rates in
HFNC. The development of the equipment that the authors
use is the addition of graphics to the TFT LCD to help
monitor stable data in real time. This development can assist
medical personnel in monitoring the flow rate and oxygen
fraction in the device. Furthermore, the addition of this TFT
LCD can also check the stability of the output flow and
oxygen fraction of the device. This tool is expected to be
more efficient, especially for developing domestic products
so that the domestic products are not inferior to foreign
products. In this case, the aim of this study is to ensure
accurate and stable HFNC readings so that they are safe and
comfortable when used in patients. Accuracy and stability
really need attention because it greatly affects the reliability
of HFNC so it must be monitored to ensure that patient
support is working.

The error value between measurement points has the
lowest error at the 30 LPM measurement point by 4.93%,
while the highest error is at the 20 LPM point by 8.5%. On
the reading of the GFS131 sensor, it can be said that it is not
good because according to the specifications, the accuracy
value of the sensor is 4%, while the results of the readings
carried out by researchers have an error of more than 4%.
However, in terms of feasibility of using this module, it is
considered feasible because the overall error result of this
tool is less than 10%. The highest measurement uncertainty
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value at the 60 LPM point is 0.09 and at the 20LPM — S0LPM
point is 0.04. So that this module can be said to be precise.

In the future, this research can be developed using other
sensors or making a better analog conditioning signal. In
addition, the module can use two graphic LCDs to make it
easier for users to remotely monitor stability with the IoT
system as these devices are usually located in the infection
room. The development of this tool can also use automatic
pulse oximetry settings for oxygen flow and fraction so that
users do not need to stay inside the room to change the
settings.
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