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Wireless Based System for the Continuous Electrocardiography Monitoring During Surgery K. Bensafia1,2, A. Mansour2, G. Le Maillot2, B. Clement2, O. Reynet2, P. Ariès3 and S. Haddab1 



Abstract—This paper presents a system designed for the wireless acquisition, the recording of electrocardiogram (ECG) signals and the monitoring of the heart’s health during surgery. This wireless recording system allows us to visualize and monitor the state of heart’s health during a surgery even if the patient is moved from the operating theater to post anesthesia care unit. The acquired signal is transmitted via a Bluetooth unit to a PC where the data are displayed, stored and processed. To test the reliability of our system, a comparison between ECG signals processed by a conventional ECG monitoring system (Datex-Ohmeda) and by our wireless system is made. The comparison is based on the shape of the ECG signal, the duration of the QRS complex, the P and T waves, as well as the position of the ST segments with respect to the isoelectric line. The proposed system is presented and discussed. We have confirmed that the use of Bluetooth during surgery does not affect the devices used and vice versa. Pre and post processing steps are briefly discussed. Experimental results are also provided. Keywords— Electrocardiography, Monitoring, Surgery, Wireless System.
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INTRODUCTION



order to ensure the



continuous,



uninterrupted



monitoring of a patient in a hospital, electronic devices play a very important role, specially in the intensive care. Up to now, in surgery, wired biomedical sensors are widely used for monitoring of physiological elements such as: electrocardiogram (ECG) and arterial and venous blood pressure, etc. Moving a patient from operating to recovery rooms requires the release of all monitoring systems which can be dangerous for the patient. To address this problem, researchers are thinking of replacing wired with wireless sensors. A wireless transmission is becoming increasingly popular in healthcare and biomedical engineering. In order to reduce the number of wires attached to patients and to facilitate their transportation and, also to ease early ambulation of the patient 1 Laboratoire d’Analyse et de Modélisation des Phénomènes Aléatoires (L.A.M.P.A), Departement of Electronics, University of Mouloud Mammeri, BP 17 RP, Tizi Ouzou, Algeria. 2 LABSTICC, Ecole National Supérieure de Techniques Avancées (ENSTA) Bretagne, Rue F. Verny 29200 Brest,France 3 Hôpital d'Instruction des Armées, Rue Colonel Fonferrier, 29200 Brest, France E-mails: [email protected], [email protected], [email protected], [email protected], [email protected], [email protected], [email protected]



in the intensive care unit or intermediate care environment, wireless biomedical sensors are recommended [1]. In this context, the authors of [2] proposed a device of a single channel ECG homecare using AD8232 circuit. An electrocardiogram acquisition system based on pairing of FPAA and FPGA devices is proposed in [3]. The MSP430 and USB technologies have been employed to design the Holter ECG system [4]. To monitor the physiological variables of a patient's EGG outside of hospital environments, a wireless system based on the microcontroller 16F876 is proposed [5]. In order to monitor the EEG signal remotely, the authors in [6] [7] have constructed a wireless EEG acquisition system that allows monitoring the patients. Although the use of wireless systems is highly replicated in the biomedical field, they are not recommended in the operating theater. The main reason is to limit and control electromagnetic interferences. Recently, few studies show up that the use of wireless devices in operating rooms is possible. The authors of [1] developed a continuous monitoring system for arterial pressure during surgery. This was motivation to design a wireless monitoring system. In this work, our system allows real time acquisition, recording and monitoring of ECG signals using Bluetooth protocol during surgery. The system used three skin electrodes, attached to the AD8232-EVALZ [8] circuitry. The reliability of our system, is showed up by comparing the ECG signals of a conventional device and those captured by our system. II.



GENERAL PRESENTATION



Fig.1 shows a block diagram of our system. The acquisition card AD8232-EVALZ receives weak analogic ECG signals through three electrodes. The data are then amplified, filtered and digitalized using a microcontroller PIC12LF1840, and then it transmitted to the PC via the Bluetooth module RN20. A. ECG Signal Characteristics ECG is electrical signal from cardiac muscle which is recorded to predict the abnormality present in the heart. ECG signal have of low amplitude, superimposed on high voltage and noise [9]. The noises are produced by skin-electrode contacts, muscle contraction (electromyography), patient resperation, the patient movement, 50 Hz component, the electromagnetic interference from another electrc devices. To reduce the noise from skin-electrode contacts, Ag/AgCl electrodes are used.
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Fig. 1 Block diagram of the data acquisition system.



Fig. 3 Block diagram of AD8232



A. The AD8232-EVALZ Printed Circuit Board Our system is based on the AD8232-EVALZ (Fig.2) circuit. That regroups several modules: a buffer, an amplifier and a filter. The AD8232-EVALZ can be configured for two or three electrodes. In our case, we opted for three electrodes, one of them is used as an electrical reference. This card contains the integrated circuit AD8232 (Fig.3) [8] that is an integrated signal conditioning unit for biomedical signals. It is designed to extract, amplify and filter weak noisy biomedical signals. The signal picked up by the electrodes is first passed through a cascade of two first order low-pass filter to remove line noise and other interference signals, and then connected to a differential amplifier of the integrated circuit AD8232 as show in Fig. 4. The instrumentation amplifier in AD8232 behaves simultaneously as a gain enhancer and as a high pass filter for eliminating motion artifacts and the electrode half-cell potential.



AD8232 integrated circuit
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Fig. 2 The AD8232-EVALZ printed circuit board



Fig. 4 The operational amplification



B. CAN and Transmission Block After the amplification and filtering procedure of our signal, the outcomes of the card AD8232-EVALZ represent directly an exploitable cardiac signal. The obtained analog signal is then converted to digital ones using an ADC (Analogue to Digital Conversion) based on PIC12LF1840 microcontroller [10]. It is well known that the normal heart rate of on healthy adult person should be between 60 and 100 beats per minute which corresponds to a frequency that varies between 1 and 1.7 Hz, this frequency increases with any physical effort of the subject, we should emphasing that the heart rate of foteus or new born babies could reach 3 Hz. It is worth mention here that the heart beat, it is not the only maximum frequency existing in the cardiac signal. In fact, the heart beat represent the major peak of the signal; however in many clinic cases, physicians are in need to see and analyse the wave form of the cardiac signal such as the wave P, Q, R, S or T. Using different sampling frequencies to represent the cardiac signals and based on the feed backs of medical specialists, we found that 90 Hz is large enough to represent a good cardiac signal, therefore we set the sampling frequency 𝐹𝑠 = 200𝐻𝑧 ≥ 2 ∗ 90𝐻𝑧. The maximum amplitude is 2.5 mV, and the minimum amplitude is -0.12 mV. Now another crucial question should be addressed how much bits should be considered to represent the dynamic behavior of the signal (i.e quantize the signal on M levels), we decide to have about a 1000 levels of quantization therefore each sample is quantified with 10 bits, and transmitted via Bluetooth using the RN20 module.
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Fig.5 The digitalization and transmission block



The two printed circuits are powered by a single 3.7V battery of which is directly rechargeable via an USB port. Fig.5 shows the electrical diagram of the CAN and the transmission block where the connections among the Bluetooth module RN20, the PIC12FL1840 microcontroller, the power supply circuit, the AD8232-EVALZ board output and the USB port are mentioned. In the operating room, we observed disturbance coming from the electric bistoury appearing on the screen of the both devices.



III. SIGNALS ANALYSIS AND EXPERIMENTATION RESULTS In order to confirm the reliability of this card, a comparison between the two signals, that obtained by the classical device (S FL) and that obtained by our Bluetooth card (S BT) as show in Fig.6, is proposed. The comparison is done using the morphology of the two signals and the durations of the various waves (P and T waves and QRS complex), and the position of the ST segment with respect to the isoelectric line. The comparison is made over several periods and patients. C. Pre-processing of Signals The signals picked up by the conventional device (S FL) are sampled at a very high frequency (from 1 KHz to 60 KHz). While the signals obtained by our card (S BT) are sampled at a frequency of 200Hz, to reduce the computing and transmission times. D. Synchronization of Signals and Durations of Different Waves The two signals are not synchronized. To synchronize them, we generated an artifact by gently hitting the skin of the patient near the electrodes (see Fig.7). To find the durations of the QRS complex, first the maximum value of the squared signal is determined, then the two first values left and right that cancel the signal are found (t1, t2). The difference between these two values corresponds



to the duration of the desired wave (Fig.8). E. Statistical Approach To compare the wave duration of the two signals, the Bland Altman graph [11] is performed. Let: 𝑋 = 𝑥1 … … … … 𝑥𝑛 , the vector given the values measured by our device, and 𝑌 = 𝑦1 … … … … 𝑦𝑛 , the vector of the values measured by the conventional system. 𝑛 refers to the number of patients. The average and the difference are calculated between 𝑋 and 𝑌: 𝑀𝑖 = (𝑥𝑖 + 𝑦𝑖 )⁄2



(1)



𝐷𝑖 = 𝑥𝑖 − 𝑦𝑖



(2)



Whith 𝑖 ∈ [1 𝑛].



(a)



(b) Fig.6 Signal obtained by the conventional (a), signal obtained by our system device (b)



Fig. 8 QRS complex duration



Fig.7 Synchronization of signals



Let as suppose that 𝑥𝑖 and 𝑦𝑖 are the noisy measurement of a real value. In this case, we can write: 𝑥𝑖 = 𝑉𝑖 + 𝛿𝑎 𝑦𝑖 = 𝑉𝑖 + 𝛿𝑏



(3) (4)



Fig. 9 P, T, QRS wave’s durations for 1 patient during 44 cycles



Where 𝛿𝑎 and 𝛿𝑏 are the noises on the devices, then M and 𝐷 can be rewriting as: 𝛿𝑎 + 𝛿𝑏 (5) 𝑀𝑖 = 𝑉𝑖 + 2 𝐷𝑖 =𝑥𝑖 − 𝑦𝑖 = 𝛿𝑎 − 𝛿𝑏



(6)



Without loss of generality, the noise 𝛿𝑎 and 𝛿𝑏 are supposed Gaussian, so 𝐷 follows 𝒩(𝑑, 𝜎 2 ). Where 𝜎 represents the standard deviation and 𝑑 the average of differences. 𝑑=



𝜎=



𝑛 1 ∑ 𝐷𝑖 𝑛 𝑖=1



√∑𝑛𝑖=1(𝐷𝑖 − 𝑑)2



Fig. 10 Duration of P wave of 5 patients



(7)



(8)



√𝑛



The 95% confidence interval 𝐼 defined as follows [12]: 𝐼 = [𝑑 − 1.96 ∗ 𝜎/√𝑛 , 𝑑 + 1.96 ∗ 𝜎⁄√𝑛]



Fig. 11 Duration of T wave of 5 patients



(9)



To say that the two apparatuses are concordant across the Bland Altman graph, it is necessary that most of the values must be within the confidence interval I. To plot the results of several patients on a single graph, we should normalize all obtained images such as their 𝐼 becomes between [−1 , +1]. This interval is represented by the red lines in graphs. We have notice that the majority of points are within this range for all P, T waves and QRS complex, for one patient during 44 cycles (Fig.9). Fig.10 to Fig.12 represent graphs for the P, T wave and the QRS complex respectively for five patients. They show that the larger number of the points located within red lines.



Fig. 12 Duration of QRS complex of 5 patients



These results confirm the agreement between the measurements obtained by our apparatus and those captured by the conventional apparatus. The positions of ST segments with respect of baseline during 20 cycles are evaluated.
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[10] [11] [12]



(b) Fig.13 ST positions for S FL (a), ST positions for S BT (b)



Fig.13 shows that the position of the mean for each segment is above comparing to the isoelectric line for both signals. IV.



CONCLUSION



To secure a continuous monitoring of the heart health during surgery and when transferring patient from different blocs of the hospital, we have designed a wireless continuous monitoring system based on Bluetooth transmission. This system consists of the AD82232-EVALZ card, a PIC 12LF1840 microcontroller, a Bluetooth RN20 module and a rechargeable battery via an USB port. The reliability of our system is tested by comparing signals captured by the designed device with those obtained by the conventional apparatus during surgery. This comparison is based on ECG signal morphology, P and T waves and QRS complex duration. We also compared the position of the ST segment with respect to the isoelectric line. The statistical approach applied on several patients confirms the agreement between the two devices. Our experimental results showed that the versatile proposed system could work stably and accurately. REFERENCES [1]



[2]



[3]



[4]



[5]



K. Øyri, I. Balasingham, E. Samset, J.O. Høgetveit, and E. Fosse, “Wirelesse Continuous Arterial Blood Pressur Monitoring During Surgery: A Pilot Study,” Anesthesia and Analgesia, vol. 102, no. 2, pp. 478-483, 2006. M. W. Gifari and H. Zakaria, “Design of ECG Homecare:12-Lead ECG Acquisition using Single Channel ECG Device Developed on AD8232 Analog Front End,” 5th International Conference on Electrical Engineering and Informatics, Bali, Indonesia, pp. 371-376, August, 2015. D.P. Morales, A. Garcia, E. Castillo, M.A. Carvajal, J. Banqueri and A.j. Palma, “Flexible ECG acquisition system based on analog and digital reconfigurable devices,” Sensors & Actuators A:Physical, vol. 165, no. 2, pp. 261-27, 2011 J. Hailong and M. Bing, “Design of Holter ECG System Based on MSP430 and USB Technology,” In Bioinformatics and Biomedical Engineering, the 1st International Conference, Wuhan, China, pp.976979, July, 2007. S. Haddab and M. Laghrouche, “Microcontroller-Based System for Electrogastrography Monitoring Through Wirelesse Transmission,” Measurement Science Review, vol. 9, no. 5, pp. 122-126, 2009.



C. Wei-Chen, C. Yi-Chung, C. Chia-Ching and F. Wai-Chi, “An EEG analog front-end design with wireless communication module for a portable EEG monitoring system,” 5th International Conference on Consumer Electronics-Berlin, pp. 50-51, 2015. H. Md Kamrul, R. Rushdi Zahid, H. Toufiq Md, G. Tarun Kanti. and A. Mohiuddin, “Design and simulation of cost effective wireless EEG acquisition system for patient monitoring,” International Conference on Informatics, Electronics & Vision, Bangladesh, pp. 1-5, 2014. Analog Device, “Single Lead, Heart Rate Monitor Front End,” AD8232 data Sheet, 2012. K. Bensafia, A. Mansour and S. Haddab, “Blind Source Subspace Separation and Classification of ECG Signals,” 5th Internationale Confernce en Automatique & Traitement de Signal, Sousse, Tunisia, March, 2017. Microchip, PIC 12LF1840 data sheet, 2011. D. G. Altman and J. M. Bland, “Measurement in medicine: the analysis of method comparison studies,” The statistician, pp. 307-317, 1983. A. Mansour, “Probabilités et statistiques pour les ingénieurs cours, exercices et programmation,” Lavoisier, ISBN 978-2-7462-1936-6, Paris, 2007.



























des documents recommandant







[image: alt]





Propagation Handbook for Wireless Communication System ... .fr 

The propagation models presented in this book are useful for long and short terrestrial paths ..... antenna by accounting for losses in the antenna. ...... stable layers.21 An adiabatic vertical motion of an air parcel would produce a colder ...... n










 


[image: alt]





Wireless Speaker System - Sony 

download from Google Play. Download the app by searching for â€œNFC Easy. Connectâ€� or access it by using the following two-dimensional code. Fees may be ...










 


[image: alt]





COMPUTER-BASED TRAINING SYSTEM FOR CATARACT 

A complete prototype of simulation system for cataract surgery has been designed ... which transmits the position of mock surgical instruments to the simulator.










 


[image: alt]





A multi-layer separation based system for camera-based ... - ARIA 

A multi-layer separation based system for camera-based complex map image retrieval. Q.B. Dang. (1). , M.M. Luqman. (1). , M. Coustaty. (1). , N. Nayef. (1). ,. C.D. Tran. (2). , J.M. Ogier. (1). (1) L3i Laboratory, University of La Rochelle, France. 










 


[image: alt]





A Multi-Agent based Algorithm for Continuous Dynamic Optimization 

1 Introduction. Many real-world optimization problems are dynamic and require an algorithm that is able to continuously track a changing optimum over time.










 


[image: alt]





Digital Wireless Triax Camera System 

... and allows you to pass through doors, make low-angle shots, and choose the most .... LDK 5390. Wide Angle Adapter. LDK 5301 ... Smart Cards. AJ-MC700.










 


[image: alt]





HD Wireless Camera System .fr 

comprehensive multi-format solutions for acquisition, production, storage, ... JPEG 2000 technology with a 10-bit, end-to-end signal. You can use intra-field or ...










 


[image: alt]





Remote Access for a Wireless System - Nyko Web Site 

ject, secondly a number of viable wireless technologies that can support the ...... The Sony Ericsson mobile phone is used as a modem in combination with.










 


[image: alt]





Propagation Handbook for Wireless Communication ... - The-Eye.eu 

Bf. Planck's function. W/m2/sr/Hz. 1.43 c. Speed of light in free space; c â‰ˆ 3 Â· 108 ...... frequency scaling by using data from the other frequency channel to fill in.










 


[image: alt]





Adaptive Caching for Continuous Queries 

We address the problem of executing continuous mul- tiway join queries in unpredictable and volatile environ- ments. Our query class captures windowed join ...










 


[image: alt]





Optimising multimedia transmission in IP based wireless networks: the 

The aim of the PHOENIX project is to develop a scheme offering the possibility to let .... [21] through the definition of new options and messages respectively. III.










 


[image: alt]





Adaptable Vectorisation System Based on 

vectorisation processing tools are of high granularity level in order to permit to use them .... We use region decomposition method based on a wave aggregation.










 


[image: alt]





On the Need for Low Phase Noise Oscillators for Wireless 

resolution of passive acoustic sensor probed through a wireless link, although with .... phase: the local oscillator intrinsic noise as characterized by its phase ...










 


[image: alt]





Fixed Broadband Wireless: System Design .fr 

This book focuses on fixed broadband wireless communications â€“ a .... The systems that were developed through the twentieth century were .... the system performance and respond to new and more widespread service requirements. ...... is shifted 400,










 


[image: alt]





A wireless interrogation system exploiting narrowband acoustic 

Oct 29, 2009 - Continuous or periodic monitoring of the physical properties of industrial tools, build- ..... on the measured difference of the resonance frequencies pro- ..... the narrowband wireless acoustic sensor interrogation unit. -120. -110.










 


[image: alt]





Conical Diffraction Based Super-resolution System for ... .fr 

17: 1-14 (1837). [2] Berry, M.; M. Jeffrey. Conical diffraction: Progress in Optics 50: 13-50 (2007). [3] Sirat, G.Y. Patent application PCT/FR2011/000555.










 


[image: alt]





Extending the Bellman equation to continuous actions and continuous 

Specificity of the t variable. Unbounded continuous ... Policy optimization using polynomial representations. Going further . ... discrete action space A. â€¢ Outcome ...










 


[image: alt]





A frequency modulated wireless interrogation system exploiting 

Mar 22, 2010 - located in a temperature-stabilized room and a 0.5 l oil bath, as a function of FM excursion. These data were obtained using the embedded ...










 


[image: alt]





Adaptable Vectorisation System Based on 

The first one concerns the objects' descriptions into documents, and the second ... The control system may uses various approaches in order to supervise the ...










 


[image: alt]





Geographic information system (GIS) based decision support for 

address traffic issues on arterials which (if implemented) might reduce speeds, thereby encouraging more sustainable .... have commonly looked to Europe and Japan to find creative ... activated signals, as has been done in Toronto (Macbeth.










 


[image: alt]





Specification for the Integration of the Sierra Wireless ... - FCC ID 

11 oct. 2016 - must be maintained at all times. 2. The EM7455 module ... 13. 777-787. -2.36. 20. 832-862. -4.32. 25. 1850-1915. -3.40. 26. 814-849. -3.76. 29.










 


[image: alt]





GIS-based decision support system for identifying potential sites 

Aug 3, 2007 - Physics and Chemistry of the Earth 32 (2007) 1074â€“1081 ... that utilize analytical methods, such as decision analysis, optimisation algorithms, program ... tely sensed data, limited field survey and GIS to identify potential sites for










 


[image: alt]





Extending the Bellman equation for MDPs to continuous ... - isaim 2008 

counted case, for parametric continuous actions and hybrid state spaces, including ...... Barto, A. G.; Bradtke, S. J.; and Singh, S. P. 1995. Learning to act using ...










 


[image: alt]





Evaluation of a Smartphone-based audio-biofeedback system for 

extremities, vascular pathology, neurologic disorders, vestibular impairment, or hearing ... Furthermore, as illustrated in Fig. 1, to avoid an overload of sensory ...










 














×
Report Wireless Based System for the Continuous Electrocardiography





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



