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Abstract: This work proposes to adapt an existing sensor and embed it on mannequins used in
Cardiopulmonary Resuscitation (CPR) training to accurately measure the amount of air supplied to
the lungs during ventilation. The proposed sensor consists of measuring the airflow using
propellers. The method directly measures the variable of interest and makes reference to spirometric
techniques in the elaboration of its model, improving the realism of the dummies. The projected
sensor presented an agreement with its theoretical model and with the spirometric model, besides
advantages over the sensors that are commonly used for this purpose. It is suitable for applications
with an accuracy of £17 mL, and resolution of 50 mL and 26 mL for initial and final measurements,
respectively, ranging from 30 to 1800 mL.

Keywords: cardiopulmonary resuscitation; flow sensor; mannequins; spirometric techniques

1. Introduction

Cardiopulmonary Resuscitation (CPR) is a recurring practice in medical urgency and emergency.
CPR is characterized by a set of maneuvers performed in an attempt to reanimate the victim of cardiac
and/or respiratory arrest, in order to restore the heart and lung to normal functions while maintaining
oxygenation of the brain. These procedures provide continuous improvement of the quality of health
professionals by using automated dummies in teaching.

The procedures required to perform rescue ventilation in the practice of CPR are in accordance
with the parameters of the American Heart Association — AHA [1], which establishes a breath every
five or six seconds, that is, 10 to 12 breaths per minute. Approximately 500 mL of air enters and leaves
the lungs of a healthy young adult in resting state at each respiratory cycle [2]. Therefore, efficient
ventilation should provide such volume of air to the lungs by mouth-to-mouth or using devices for
this purpose.

The pioneers in automating CPR dummies [3] used the Resusci Anne® manikin. Compression
and ventilation sensors were developed using digital logic and normally open contacts. The
monitoring of the system was done by means of a display panel or indicator lamps, which showed
indications of "insufficient", "acceptable" and "above acceptable". Currently, identical models are still
widely used [4].
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In the present study;, it is proposed to measure the volume of air supplied to the lungs in rescue
ventilations during CPR by means of a rotor-type flow sensor with propellers. A theoretical model
was developed with the intention of making it function equivalent to spirometric models. This brings
more realism to the dummies and introduces advantages to possible debriefings after various
simulations.

2. Methods

The flow sensor YF-5201 (Sea brand) has been widely used for measuring water flow in pipes.
Figure 1 shows different views of the sensor. It is noteworthy that there is a Hall effect sensor on the
flow sensor cover (Figure 1d), which interacts with the magnet of the propeller (Figure 1b). The air
flow Qio (inflow and outflow [L/s]) passing through it can be described as

Qu=k-f 1)

where k is a constant equal to (2.61 + 3) - 103 [L], calculated according to the sensor dimensions, and
fis the frequency of one rotation of its propeller [Hz]. Thus, the volumetric flow is

V=0Q) At )

where V is the volume of air [L] flowing inside the lung (reservoir) of the dummy during the time
interval At [s] [5]-[7].

(@ (b) (© (d)
Figure 1. Flow sensor YF-S201: (a) input profile; (b) propeller and compartment; (c) output profile; and (d)
full view of the sensor.

The sensor reading was developed using the Arduino UNO external interrupts option in
conjunction with a real-time operating system.

Spirometry is the measure of the air that enters (inspired) and exits (expired) the lungs. It can be
performed during the slow breathing or during forced expiratory maneuvers. One of the results
generated by this measure is an inspired/expired volume versus time graph [8], [9].

3. Results and Discussion

The procedure performed to obtain the curves in Figure 1 is very similar to the calibration of a
flow spirometer [8]. Comparing the graphs in Figure 1 with the spirometric model, it can be noted
that from zero to the maximum experimental volume, the behavior is in accordance with the
spirometer model, characterizing the inspiration. From this point, there is the expiration profile, but
experimentally, it is the propeller losing speed until it stops. These results can be used to simulate air
exiting the dummies lungs, but it is not valid as spirometric data because they do not represent the
mirror symmetry of expiration.

It is also verified that there are repeatability and agreement between the results of the
measurements carried out under the same conditions. Therefore, for the experiment application, the
modeling sensor had an accuracy of +17 mL, considering a 95% probability. It was also found that
there is accordance between the measurement results and the conventional true values for the
measured volume, considering the experimental error. For the true values of 300, 600, 900, 1200, 1500,
and 1800 mL; the measurement results were 288, 593, 893, 1162, 1475 and 1755 mL (Figures 2a, 2b, 2c,
2d, 2e, and 2f, respectively).



Proceedings 2018, 2, x FOR PEER REVIEW

300 mL
0.0 04 08 12 16 20 24
300 4— T T T T T T 300
"
§
-

250 - / - 250
~ 200 / 4200
A
g {

RS
9;5) 150 / 4150
5
S 100 100
> J
50 - / 450
0 _/ —— Experimental data |,
T T T T T T T
0.0 04 0.8 12 16 2.0 24
Time (s)
(a)
900 mL
00 05 10 15 20 25 30 35 40 45 50
T T T T T T T T T T
900 . 4900
_/_,._- 'r-'.“'i_
800 - A BN 1800
.f
700 - J \\ 4700
) ]
»g 600 5 N\ 4 600
/
~— .’.
% 500 4 J \ 1500
400 4 I 1400
§ 300 4 y . 4300
]
200 // 4200
1004 A 4100
0l A —— Experimental data ]
T T T T T T T T T T
00 05 10 15 20 25 30 35 40 45 50
Time (s)
O
1500 mL
00 05 10 15 20 25 30 35 40 45 50 55 60
1500 i T T T T T T T T T T T T ] 1500
-"_:-'\.
; 5
1250 [ e - 1250
g .
— d x
3 1000 4 7 \ 4 1000
= J N
g / N
) J
750 4750
g 7
5 i \
=
C)
>

1

=]

S
1

250

04

/ 4 250
—— Experimental data

" 4o
T T T T T T T T T T T T
00 05 1.0 15 20 25 30 35 40 45 50 55 60
Time (s)
(e)

3o0f4

600 mL
00 04 08 12 16 20 24 28 32 36
T T T T T T T T T T
600 4 600
™
s -
7’
500 ra 4 500
-
= J
g 400 v - 400
& /
) M
£ 300 v - 300
5 {
=
o /
= 200 / 4 200
w04/ 4100
ol —— Experimental data |
T T T T T T T T T T
00 04 08 12 16 20 24 28 32 36
Time (s)
(b)
1200 mL
00 05 10 15 20 25 30 35 40 45 50
1200 T T T T T T T T T 1200
N
1100 »” %"\. 4 1100
s \
1000 7 N - 1000
900 - ./‘- . 4900
3 800 7 \\\ 1 800
£ oo ;,' \ 1700
L 600 4 ¥ < 600
£ 500 - i - 500
= s
Q 400 / 1 400
> 7
3001 / 4300
s
200 1 200
100 4 . 4100
/ —— Experimental data
04+ Jo
T T T T T T T T T T
00 05 10 15 20 25 30 35 40 45 50
Time (s)
(d)
1800 mL
00 05 10 15 20 25 30 35 40 45 50 55 60 65
B e AL o s B
1750 - -.. {1750
P
- A
1500 = b - 1500
# 3
/- \
1250+ - el 4 1250
g ’ \
~ 1000 - 5 \'\ - 1000
) &
£ 1 \
B 7504 f '\ 4750
° s
> 504 _f \ 4 500
250 - {250
. —— Experimental data .

—— T
00 05 10 15 20 25 30 35 40 45 50 55 60 65
Time (s)

(f)

Figure 1. Result of validation of the YF-S201 sensor with air: (a) 300 mL; (b) 600 mL; (c) 900 mL; (d) 1200
mL; (e) 1500 mL; and (f) 1800 mL.

Comparing measurements performed with the Laerdal® model simultaneously with the model
of this study, the latter presents superior performance when compared to the first one, besides a
smaller experimental error. The main advantage of the prepared mechanism lies in the feedback that
is intended to generate, in future works, with the model of this experiment, which includes expiration
charts based on spirometric models, in order to bring more realism to the simulations and bringing
innumerable debriefing possibilities.
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4. Conclusions

The performance of the proposed sensor was verified by experiments identical to the calibration
of a flow spirometer. Its accuracy was adequate for the application with a precision of + 17 mL, a
resolution of 50 mL for the initial measurements, reaching 26 mL in the final measurements within a
range of 30 to 1800 mL [10].

The experiment confirmed that the measurements can be performed in various simulations
using the dummies in conjunction with the sensor. It is a cost-effective alternative and relatively easy
to adapt to different mannequins. The results were based on spirometric models, bringing more
realism to the simulations and bringing numerous possibilities of debriefing. Thus, the sensor has
great potential in various future applications.
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