IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Technique of Automated Control Over Cardiopulmonary Resuscitation Procedures

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2016 J. Phys.: Conf. Ser. 671 012026
(http://iopscience.iop.org/1742-6596/671/1/012026)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 176.65.40.234
This content was downloaded on 07/02/2017 at 06:15

Please note that terms and conditions apply.

You may also be interested in:

Picosecond-laser differential spectrophotometer

Bendable Kirkpatrick-Baez mirrors for the ALS micro-diffraction beamline 12.3.2: optimal tuning and
alignment for multiple focusing geometries
V V Yashchuk, G Y Morrison, M Church et al.

Entanglement sudden death and its controlled partial resuscitation
G. Gordon

Defibrillation shock success estimation by a set of six parameters derived from the
electrocardiogram
Irena Jekova, Fran¢ois Mougeolle and Aude Valance

Enhancement of the time resolution of a picosecond absorption spectrometerby selection of the
duration of laser radiation pulses
B N Korvatovski, V'V Gorokhov, SL Logunov et al.

The dynamics of carbon dioxide equilibration after alterations in the respiratory rate
Sarah Buehler, Marie C Jensen, Sara Lozano-Zahonero et al.

Development of precision laser goniometer systems
M N Burnashev, P A Pavlov and Yu V Filatov

Automated linac quality assurance
Peter Winkler, Helmar Bergmann, Georg Stuecklschweiger et al.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/671/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.1070/QE1984v014n07ABEH012974
http://iopscience.iop.org/article/10.1088/1742-6596/425/15/152004
http://iopscience.iop.org/article/10.1088/1742-6596/425/15/152004
http://iopscience.iop.org/article/10.1209/0295-5075/83/30009
http://iopscience.iop.org/article/10.1088/0967-3334/25/5/008
http://iopscience.iop.org/article/10.1088/0967-3334/25/5/008
http://iopscience.iop.org/article/10.1070/QE1986v016n09ABEH007370
http://iopscience.iop.org/article/10.1070/QE1986v016n09ABEH007370
http://iopscience.iop.org/article/10.1088/0967-3334/34/9/1151
http://iopscience.iop.org/article/10.1070/QE2013v043n02ABEH015045
http://iopscience.iop.org/article/10.1088/0031-9155/48/9/303

SibTest 2015 IOP Publishing
Journal of Physics: Conference Series 671 (2016) 012026 doi:10.1088/1742-6596/671/1/012026

Technique of Automated Control Over Cardiopulmonary
Resuscitation Procedures

A Sh BureeVv!, E Yu Kiseleva?, M S Kutsov?® and D S Zhdanov*

'Head of laboratory “Instrumentation”, Tomsk State University, Tomsk, Russia
’Engineer, Tomsk State University, Tomsk, Russia

*PhD student, Tomsk State University, Tomsk, Russia

“Jr. researcher, Tomsk State University, Tomsk, Russia

E-mail: eka.kiselyova@gmail.com

Abstract. The article describes a technique of automated control over cardiopulmonary
resuscitation procedures on the basis of acoustic data. The research findings have allowed
determining the primary important characteristics of acoustic signals (sounds of blood
circulation in the carotid artery and respiratory sounds) and proposing a method to control the
performance of resuscitation procedures. This method can be implemented as a part of
specialized hardware systems.

1. Introduction

Sudden cardiac death is the leading cause of death in the world. Thus, in the US, the number of sudden
cardiac death is 1 case per 1000 people per year, while in Russia - up to 2 cases per 1000 people.
Emergency assistance for people with cardiac failure - sudden cardiac death - remains an urgent
problem not only in emergency medicine, but also in therapy and cardiology in particular [1, 2, 3].

According to the statistical data, up to 90% of the patients who faced clinical death could survive,
if they received adequate medical care within the first 5 minutes after cardiac arrest. Unfortunately,
even at large medical institutions, physicians often cannot perform the cardiopulmonary resuscitation
(CPR) procedure in compliance with recommendations.

According to the data of All-Russia Non-Government Organization Russian Red Cross, the share
of people who underwent special pre-doctor (first) aid courses is extremely low. For example, only
392 people were trained in first aid principles in the territory of Tomsk Oblast in 2013 (with the
population of 1,070,128 people). In this situation, it is essential to develop a device that will be able to
recommend the order of procedures for resuscitators and automatically monitor the adequacy of
performed resuscitation measures by controlling and coordinating the CPR procedure.

2. Method

The performance of resuscitation measures can be controlled by means of analyzing acoustic blood
circulation sounds registered at the carotid bifurcations and airflow sounds in the resuscitated patient’s
trachea.

The force of noises occurring at the carotid bifurcations is proportional to the volume of blood
passing these bifurcations. Similarly, the volume of air is proportional to the intensity of respiratory
sounds [4].

It is possible to experimentally establish a functional relation between the dynamics of blood
circulation in the carotid arteries and blood circulation sounds at the carotid bifurcations and between
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the intensity of airflow in the upper respiratory tracts and respiratory sounds in the trachea. This
functional relation has the following properties:

e non-negative and step-by-step character;

e direct proportionality;

e normability.

The step-by-step character of the functional relation is conditional to a clear border between the
presence and the absence of blood circulation and respiration sounds.

Direct proportionality is conditional to the following fact: the more intensive blood circulation and
respiration are, the louder the sounds are.

The normability property consists in the following: during the CPR measures, observed blood
circulation and respiration sounds will have quite distinct values; therefore, the loudness scale and
calibration will depend on the current set of measured values and sensitivity of devices in each
measurement [5].

The human resuscitation cycle can be represented in the form of a chronological sequence of
CPR measures (see the figure 1):

To — moment of time, when the resuscitation personnel attaches an auxiliary device on a patient’s
body;

Ti — time of actual initiation of the cardiopulmonary resuscitation. The auxiliary device is turned on
at this moment of time;

Terr — timing cycle of the CPR measures consisting of sequential intervals Tccem and Tawv and two
intervals Tch;

Tccem — time interval of closed-chest cardiac massage (CCCM);

Tawv — time interval of artificial lung ventilation (ALV);

Ten — time interval of checking for the presence of primary vital functions;

Tec_ccem— time interval of performance control for CCCM [6].

Teec Ta

CCCM ALV

Ten Ten

T.::;

Figure 1. Chronological sequence of the CPR measures.

In order to assess the dynamics of changes in the blood flow velocity at the carotid bifurcations, it
is possible to measure changes in blood circulation sounds registered by means of acoustic sensors. In
this case, it is necessary to analyze only the sounds caused by blood flow at the bifurcations of the
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common carotid arteries. Laminar blood flow is transformed into turbulent flow at this place, which
generates sounds.

The following is necessary for this purpose:

e registering a basic level of blood circulation sounds at the bifurcations of the common carotid
arteries over a time interval (To, Tcw) prior to the initiation of CPR;

e registering the dynamics of changes in blood circulation sounds within Tccem, when the
resuscitation personnel performs closed-chest cardiac massage (CCCM), and simultaneously
assessing the efficacy and correctness of CCCM by evaluating the speed of chest
compressions;

o performing a check for the presence of independent blood circulation and airflow sounds
(Ten).

In further CPR measures are necessary, points 2-3 are repeated cyclically and consistently with the

chronological sequence of the CPR procedure.

The dynamics of changes in the airflow speed in the patient’s respiratory tracts can also be assessed
by means of registering and analyzing acoustic information received from a sensor located at the level
of the resuscitated patient’s trachea. The presence of independent airflow in the upper respiratory
tracts can be detected by analyzing respiratory sounds generated in the process of artificial lung
ventilation, when air passes through the resuscitated patient’s throat or independent breathing is
restored.

The following is necessary for this purpose:

e determining a basic level of airflow sounds in the upper respiratory tracts within a time
interval (To, Tcn), when resuscitation measures have not been initiated yet;

e acquiring the dynamics of changes in airflow sounds within TaLv, when the resuscitation
personnel performs artificial lung ventilation (ALV), and simultaneously assessing the
efficacy and correctness of ALV by analyzing the flow of air passing the resuscitated patient’s
trachea;

o performing a check for the presence of independent blood circulation and airflow sounds
(Tch).

In further CPR measures are necessary, points 2-3 are repeated cyclically and consistently with the

chronological sequence of the CPR procedure.

Besides controlling the CRP procedure, this technique also allows detecting positive (emergence of
independent blood and air flow and increase in these parameters) or negative (disappearance of
independent blood and air flow or reduction in the intensity of blood circulation and airflow) dynamics
of the patient’s health during the resuscitation procedure [7].

3. Summary

The analytical research has been focused on the detection of the intensity of respiratory sounds in the
patient’s trachea and registration and analysis of the intensity of blood circulation sounds at the
bifurcations of the common carotid arteries. The research has revealed that the use of hardware
auscultation systems is the simplest and most effective method from the viewpoint of technical and
software implementation. This technique can be used to develop a device for automated control over
the CPR procedure. It will allow assessing not only the correctness of CRP but also the efficacy of this
procedure thanks to the control over parameters of the patient’s health.
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