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ABSTRACT

Cardiovascular diseases often occur without prior indications hence, causing the number of deaths due to sudden cardiac arrest to be on the rise here in Singapore. The use of cardiac pacemakers, predominantly on those with total heart block and the sick sinus syndrome, accounts for 95% of the indication for pacemakers implanted in this country. Moreover, given our ageing population, it is anticipated that the need for pacemaker implantation will continue to rapidly increase.
Typically, a cardiac pacemaker needs to be set in accordance with the patient’s medical condition before being implanted inside the body. This means that any form of new data required by the patient or the pacemaker is made unfeasible; seeing that minor surgery will be needed.
In this study, a cardiac pacemaker antenna has been designed and proposed to function as a communication pathway between the implanted pacemaker and medical personnel by means of external devices. In this way, data about the health of the patient or the cardiac pacemaker can be easily downloaded and further changes in settings as and when specified by doctors may also be effortlessly uploaded. In addition, the presence of the cardiac pacemaker antenna omits painful surgical procedures that a cardiac patient needs to go through whenever the pacemaker settings require a change.

An S-shaped pacemaker antenna was designed, fabricated and tested herein. The antenna responded at a frequency of 433MHz which is in line with that of the Industrial Scientific Medical (ISM) frequency. At 433MHz also, the patch antenna was found to have a reasonable size and penetration hence, making it favourable for communication purposes. 
Being light-weight and smaller in size as compared to many other antennas under research, this novel designed S-shaped antenna holds a constructive outlook for future use in detecting abnormal heart signals; and consequently, facilitates in an early detection of a possible cardiovascular disorder.
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CHAPTER ONE: INTRODUCTION
1.1. CARDIOVASCULAR DISEASES IN SINGAPORE 
Cardiovascular diseases are the second leading cause of death in Singapore, accounting for 32.8% of the total deaths in this country i.e. 1 in every 3 deaths. Statistics illustrating deaths caused by various heart diseases in this country from 2006 to 2008, as well as its breakdown by gender are as tabulated in Tables 1 and 2 respectively. 
	
	2006
	2007
	2008

	Total No. Of Deaths 
	16, 393
	17140
	17, 222

	% of Total Deaths
	
	
	

	Ischemic Heart Disease
	18.5%
	19.8%
	20.1%

	Cerebrovascular Disease (including stroke)
	8.9%
	8.7%
	8.3%

	Other Heart Disease
	4.3%
	4.3%
	4.0%

	Total %

	31.7%
	32.8%
	32.4%

	Total
	5, 197
	5, 622
	5, 580


Table 1: Deaths from Cardiovascular Disease

Source: Ministry of Health

	
	2008
	Male
	Female

	Total No. Of Deaths 
	17, 222
	8, 735
	7, 481

	% of Total Deaths
	
	
	

	Heart & Hyperextensive Diseases
	24.4%
	26%
	22.4%

	Cerebrovascular Disease (including stroke)
	8.3%
	6.9%
	10.1%

	Total %

	32.7%
	32.9%
	32.5%

	Total
	5, 632
	2, 874
	2, 431


Table 2: Deaths from Cardiovascular Disease (Breakdown by Gender)

Source: Report on Registration of Births and Deaths 2008 by the Registry of Birth and Deaths, Immigration and Checkpoints Authority Singapore 
From the figures above, it can be deduced that deaths due to any form of cardiovascular diseases is increasing with year; and it can affect anyone regardless of gender.

Cardiovascular diseases occur not only in men; but, in actual fact, it is the number one killer of women here in Singapore. This was made more worrying when the Singapore Heart Foundation’s Go Red for Women Heart Health Awareness Survey made in 2006 and 2009 showed that less than 10% of the respondents were oblivious of this reality. These startling points were further discovered in the survey as well:
· Only 12% of the respondents spoke about their risk of heart disease with their doctors for the past 12 months.
· 27% of the respondents though that there was nothing they could do to prevent a heart attack.

· 35% felt they were at low risk for a heart attack for a woman their age. 20% did not know their risks.

· 32% did not know women were more likely to die from heart diseases after menopause than before. 20% believed this statement to be false.
· 42% of the women polled did not associate chest pains with heart attack.

Source: Singapore Heart Foundation - Statistics
1.2. HEART TRANSPLANTATION IN SINGAPORE 

At present, heart transplantation is made one of the options available for patients with cardiovascular diseases; the first transplant in Singapore was carried out in July 1990. However, this option is inherently limited by the availability of suitable donor hearts. 
Since the advent of cyclosporine and other medications to control rejection, the survival of transplant patients is seen to have improved significantly. About 80% of heart transplant patients survive one year or more. In addition, heart transplant patients are able to lead a more active lifestyle in contrast to their condition before the transplantation was made; this includes the ability of the patient returning to work. 

There are a number of factors however, that greatly influence the life expectancy after a heart transplant and this includes age, patient compliance, immunological match of donor to recipient and the year in which the patient was transplanted.     
Over the last 5 years in Singapore, 11 heart transplants were performed, but another 13 patients died while waiting for donor hearts. End-stage failure patients do not survive for long and the timely availability of hearts for transplant is critical in saving these patients. As such, we need to have a large pool of people who are willing to pledge their organs for donation, which could be a demanding task to fulfil. 
1.3. A BETTER ALTERNATIVE FOR CARDIOVASCULAR PATIENTS
Over the last few years, the advancement of biomedical science and technology has progressed tremendously; offering cardiovascular patients a ray of hope for survival.  This encompasses the early detection of heart diseases through analysing the human body’s frequency under normal and pathological conditions. 

The human body has an electrical frequency and that much about a person’s health can be determined by it; with the heart having a frequency of between 67 – 70 Hz. In view of this, prior detection of a possible heart failure in a human body through the study of the change in human frequency might just save more lives in the near future! For that reason, this project aims to create a bio-electric device that is expected to ideally function as a communication pathway between the patient’s heart and medical personnel via external means. 

1.4. OBJECTIVES 

The objective of this project is to explore a bio-electronic device that measures the human frequency under both normal and pathological conditions aiming to detect a disease in its early stage(s). Consecutively, this project aims for the bio-electronic device to distinguish and destroy the virus or bacteria causing the disease by means of bio-resonant therapy.
The living body is a natural irradiating source, which continuously emits frequency signals into the environment. The human body has a normal frequency range of 62 Hz to 72 Hz; when the frequency drops, it serves as an indication that the human immune system is jeopardised. 
In conjunction with the escalating statistics on sudden-deaths in Singapore, it is therefore comprehended that early detection of a disease in a human body holds a paramount importance in upholding one’s health and wellness. 

In addition, some bacteria have become resistant to commonly used antibacterial; this represents a growing public health threat. When these bacteria are capable of causing serious disease, it is then anticipated that a major public health problem will surface. 
The proposed bio-electronic device in this project aims to detect the probability of an early detection of cardiovascular diseases through assessing and contrasting the frequency emitted from the human body under both normal and pathological circumstances. 

1.5. SCOPE OF PROJECT

A cardiac pacemaker antenna will be designed and fabricated for this project. This antenna acts as a communication pathway between cardiovascular patients and medical personnel. With an antenna implanted together with the cardiac pacemaker, we can download data about the health of the patient or the cardiac pacemaker, or we can upload changes in setting specified by doctors without performing any surgery onto the patients. 
This project is centred on designing such an antenna for this application. Previous studies (i.e. journal/research papers) will also be closely referred to in facilitating the progress of this project within the stipulated time given.  

CHAPTER TWO: LITERATURE REVIEW

2.1. BIO-RESONANT FREQUENCY IN THE HUMAN BODY

Each molecule, cell, living body, and object consists of energy that manifests as physical matter. Some of that energy is detectible as frequencies that belong to one or more radiation bands in the electromagnetic spectrum. These frequencies correspond to biochemical and biological processes in the body; frequency differs in healthy humans in comparison to ill ones. Previous studies have also proven that each illness has a frequency that differs from the rest, and is always within a definite range. Therefore, ill cells react to very precise levels of frequencies and can be cured or eliminated whilst nearby healthy cells remained intact. 

Frequency is a basic characteristic of resonant sensors. Frequency shifts due to slight mechanical and/or electrical perturbations of some of the resonator’s modes or a combination of them can be measured with extremely high accuracy down to micro-Hertz (µHz) level. The normal frequency patterns will be distorted and either increase or decrease in frequency when the body becomes ill or infected. 
In considering any in-body data transmission, it is essential for the effects of the human body on the RF signal to be well understood. Various tissues and organs within the body retain their own distinctive conductivity, dielectric constant and characteristic impedance. As a result, signal level and propagation from an implanted device to a remote receiver is unpredictable. 

Table 3 shows the standard values for the electrical properties of muscle and fat, bearing in mind that these values differ from person to person. Other factors affecting these figures include patient’s age, changes in body weight as well as the body movements. The high dielectric constant (
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) works to favourably reduce the physical size of any antenna for in-body implantation.
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Table 3: Human Dielectric Constant (
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), Conductivity (σ) and Characteristic Impedance (
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) vs Frequency

Source: FCC and Dr William Scanlon, Queens University of Belfast

Virus or bacteria also has its own unique frequency which can be isolated and “inverted” so it is 180◦ out of phase. By delivering the inverted frequencies back to the body, it will neutralise or kill the particular virus or bacteria hence, allowing the organ to recover and normalize and consequently, recovering in health. This is the underlying theory of bio-resonant therapy (BRT).

2.2. BIO-RESONANT THERAPY

Bio-Resonant Therapy (BRT) is a type of alternative medicine aims to correct the organism function. It neutralizes pathological and restores physiological state of the organism. BRT involves the detection of the electromagnetic frequency generated by the human body. As cited earlier, humans emit their own electromagnetic fields (oscillations) which are measurable via electronic equipment. A healthy body emits a smooth, regular oscillation; a body in pathological condition produces a jagged and irregular oscillation. 

BRT uses the strategic placement of electrodes on the surface of the skin where electromagnetic fluctuations are gathered and sent to an input of the device via electric cables for analysis; separating them into pathological and physiological components. Simultaneously, the natural human body frequency will be amplified while the disturbance/unwanted frequency present will be inverted. The modified frequency is then applied to the body where it resonates with the natural body frequency while eliminating the unwanted disturbance. This improves the natural body defences against illnesses and/or diseases. 

2.3. CARDIAC PACEMAKER 

Heart rhythm problems (arrhythmia) arises when the electrical impulses produced by the sinoatrial (SA) node do not function properly; causing the heart to beat too quickly, too slowly, or irregularly. Despite the fact that some heart arrhythmias are harmless, several types, such as ventricular tachycardia (fast heart rates), are serious and can even be life threatening. A cardiac pacemaker is therefore used to regulate the heart rate of patients suffering from these heart diseases. 

A cardiac pacemaker (Figure 1), consisting of a pacing lead and a pulse generator, is implanted into the patient’s body to automatically monitor and regulate the patient’s heartbeat by transmitting electrical impulses to stimulate the heart; typically when it is beating too slowly. Connected to the heart via one or more insulated wires (leads), a cardiac pacemaker is powered by a battery that delivers small low-voltage pulses to the heart which force the heart to beat when necessary.  
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Figure 1: A cardiac pacemaker

Source: www.singhealth.com.sg

In Singapore, complete heart block and sick sinus syndrome account for 95% of the indications for the implantation of pacemakers. During the last pacemaker survey done in 2005, the implant rate in this country was ninety-one per million. Given our aging population, it can be anticipated that the need for pacemaker implantations in Singapore will rapidly increase. By taking this into consideration, this project targets on how to allow patients and medical personnel to monitor the operation of the implanted pacemakers via the emission of bio-resonant frequency signals.   

2.4. CARDIAC PACEMAKER ANTENNA 

Today, cardiac pacemaker settings are set before it is implanted inside the patient’s body. These settings remain until the pacemaker requires a new battery or until the pacemaker is removed from the body. 
Typically, pacemaker batteries last for five to ten years before they need to be replaced. Because the battery is sealed inside the pacemaker generator, replacing the battery thus requires that the entire generator be replaced as well. Patients are also required to consistently visit their doctor to monitor the implanted pacemaker’s operation.
As the cardiac pacemaker will stay in the body for many years i.e. seven to ten years, or more, it is an advantage if communication with the cardiac pacemakers can be attained from outside the human body. To facilitate this, an antenna is required. 

A cardiac pacemaker antenna is targeted to detect the cardiac beat of a patient and sends out these signals using wireless communication link. This system is able to reduce a number of visits of doctors to diagnose the patients, and to facilitate physical or mental burden of the patients. In addition, it can communicate without a wire piercing of the skin which has an advantage to prevent the infection with a germ in a medical diagnosis.
Patch antenna was chosen as the type of antenna to be designed. The reasons for choosing this type of antenna are; it is easy to build using printed circuit technology, it has a light weight and small overall dimensions, and it is relatively cheap. Size of the antenna is a major concern because the antenna will be implanted along with the cardiac pacemaker and into a human body. Hence, a smaller physical size of the implantable medical device is thus preferred. 

A patch antenna can be integrated into the surface of an implant. Without requiring much additional volume, the ideal patch will have dimensions as shown in Figure 2a and acts as a 
[image: image7.wmf]2

l

parallel-plate transmission line with impedance inversely proportional to the width. The radiation occurs at the edges of the patch, as shown in Figure 2b. 

[image: image8.emf]
Figure 2a: Patch antenna plan view, 
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in the surrounding medium

[image: image10.emf]


Figure 2b: Patch antenna side view
2.5. SPECIFICATIONS OF AN IDEAL PACEMAKER ANTENNA 

To ensure proper information are sent or received, the efficiency of the antenna plays a very vital role. There are several elements that will influence the performance of the antenna, which include:

(a) Thickness and type of the coating material (to prevent tissue from shorting out the antenna)

(b) Thickness and type of circuit board under the patch (substrate of the patch antenna)
(c) Size of the patch

(d) Method of feeding the patch 

The desired patch antenna must also be small, efficient, long-term biocompatible and does not exceed the safety guidelines for power deposition in the human body. 

The Industrial Scientific Medical (ISM) frequency of 433MHz was selected as the operating frequency of the antenna because with this frequency, the antenna can have a reasonable size and good penetration. 

CHAPTER THREE: EXPERIMENTAL METHODOLOGY 

3.1. MODELLING OF ANTENNA

An implanted antenna radiates in an environment of skin, fat, blood, muscle and bone. The relative permittivity of these materials, also known as the dielectric constant, is much greater than that of air, resulting in propagation wavelengths much less than in air. The relationship between the wavelengths, 
[image: image11.wmf]l

, - both in material and in free space - and the material’s relative permittivity is as follows:
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The Industrial Scientific Medical (ISM) frequency of 433MHz was chosen as the operating frequency of the patch antenna. This is because the patch antenna can have reasonable size and penetration at this frequency and further, reasonable signal propagation characteristics in the human body is also observed.
Radio waves, like all electromagnetic waves, travel at the speed of light i.e. 300 000 000 meters per second. Wavelength in free space can therefore be calculated by:
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Calculating
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Figure 3: Wavelength at a frequency of 433MHz

In this project, Taconic CER-10 was chosen as the material for the fabrication of our patch antenna. 

To calculate
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, for Taconic CER-10 material with 
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Figure 4 below illustrates the calculation method in obtaining the total length of the pacemaker antenna in this study i.e.: 

Total Pacemaker Length = ¼ of that of its wavelength.

[image: image24.png]Wanelength A

1/ 2wavekngh( 4 /2)




Figure 4: An antenna with a length half that of the wave length resonates

Obtaining the total length of the desired antenna:
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At this juncture, the project was directed into designing a cardiac pacemaker antenna of length 55mm.

3.2. RULES IN DESIGNING AN INSULATED ANTENNA
In a study conducted in October 2009 in relation to designing an insulated antenna, it was discovered that there are three fundamental rules that need to be observed; they are:

(a) The length of the patch antenna is inversely proportional to the resonance frequency of the patch antenna.

(b) The distance between the feed point and the ground pin directly proportional to the input impedance of the patch antenna.

(c) The location of the feed point and the ground pin control the input impedance. 

These observations were concluded upon analysing of simulation results (Ref: Appendix) using the commercial software package XFDTD4.06. 

3.3. THE FINAL DESIGN

To fabricate the pacemaker antenna, we looked into the two most important electrical properties i.e. the dielectric constant, Dk as well as the dissipation factor, Df. 

Dk of a substance is the ratio of two capacitance values: that of a capacitor made with the substance as the dielectric divided by the capacitance when a vacuum or air serves as the dielectric. 
Df of a substance is a measure of the loss of power that takes place in virtually all dielectric materials, usually in the form of heat. It is expressed as the ratio of the resistive (loss) component of the current to the capacitive component of current, and is equal to the tangent of the loss angle. 

Taking these factors into consideration, an S-shaped, two-layer board pacemaker antenna (Figure 5) was designed using AutoCAD software following the parameters listed in Table 4.
	No.
	Parameters
	Specifications

	1
	Ground Plane Material
	Taconic CER-10

	
	Dk (
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)
	10.00

	
	Df
	0.0035

	2
	Total Size
	14mm x 16mm

	3
	Total Length (including 3mm allowance for feed)
	58mm

	4
	Width of Stripline
	2mm


 Table 4: Specifications of Patch Antenna

[image: image28.emf]
Figure 5: S-shaped Pacemaker Antenna Design
This design was sent to an external vendor for fabrication purposes and the product is as shown below (Figure 6).
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	Figure 6a: Size of fabricated antenna in comparison with a normal ball-point pen.
	Figure 6b: Antenna positioned on a heart model


3.4. TESTING METHODS

Agilent Technologies Network Analyzer Model E5071B (Figure 7) was used to measure the electrical impulses generated by the fabricated antenna in this project. The network analyzer generates a signal that it applies to the antenna, and consequently, it measures the response. A frequency range of 420MHz to 440MHz was used to analyze the RF signal generated by the cardiac pacemaker antenna. 
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Figure 7: Agilent Technologies Network Analyzer Model E5071B
CHAPTER FOUR: RESULTS
The results obtained are as tabulated below:

	Frequency (MHz)
	RF Signal

Measured Value (dB)
	RF Signal

Computed Value (dB)

	420
	-5
	-5

	421
	-6
	-5

	422
	-6
	-6

	423
	-7
	-6

	424
	-8
	-7

	425
	-9
	-8

	426
	-10
	-9

	427
	-11
	-9

	428
	-12
	-10

	429
	-13
	-12

	430
	-15
	-14

	431
	-18
	-16

	432
	-20
	-18

	433
	-20
	-20

	434
	-16
	-19

	435
	-12
	-15

	436
	-10
	-12

	437
	-8
	-10

	438
	-6
	-8

	439
	-5
	-6

	440
	-5
	-6


Table 5: Experimental Results 
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Graph 1: Experimental Results
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Figure 8: Radiation Characteristics

CHAPTER FIVE: DISCUSSION, SUMMARY CONCLUSION AND FUTURE WORKS

Herein this project, it was established that the patch antenna functions ideally at a frequency of 433MHz, which conforms to the Industrial Scientific Medical (ISM) frequency as stipulated. Further research on this kind of antenna could yield very valuable medical resources for present and future implantable devices. As mentioned, the S-shaped cardiac pacemaker antenna successfully functions at a frequency in line with that of the Industrial Scientific Medical (ISM) frequency, thus signifying the high probability of it aiding cardiovascular patients in the future. By having the cardiac pacemaker antenna in the healthcare industry, early detection of heart abnormalities may preclude the probability of deaths occurring due to cardiovascular diseases
In-body communications will also improve therapy and diagnoses. For instance, an implanted pacemaker will regularly transmit performance data and the patient’s condition to a clinician’s office. In the event that the pacemaker detects a cardiac arrest, the pacemaker antenna could transmit signals instantly to alert an emergency response team which will bring immediate medical attention to the patient.
As the antennas are indicated for communication purposes between external devices and the device implanted in the patient’s body, a high efficiency antenna can guarantee the precision of the uploaded and/or downloaded data, and hence the safety of the patient is protected. 

Like any other research, more development on this research area is required beyond the specifications and scope of this project. For instance, the efficiency of a cardiac pacemaker antenna should encompass a low likelihood of an excessive consumption of the pacemaker batteries. It should also be insensitive to any external electromagnetic noise. Because size is a major consideration for medical devices that are to be implanted into a human body, the size of the cardiac pacemaker antenna should ideally be made as small as possible. 

CHAPTER SIX: CRITICAL REVIEW AND REFLECTIONS

6.1. PROJECT OBJECTIVES AND SCOPE OF PROJECT
The objective of this project is to explore a bio-electronic device that measures the human frequency under both normal and pathological conditions aiming to detect a disease in its early stage(s). This objective is deemed to be accomplished when the cardiac pacemaker antenna functioned in a manner that it was expected to. 

Conversely, the intended target for the bio-electronic device to distinguish and destroy the virus or bacteria causing the disease by means of bio-resonant therapy is not met. The main cause of this is strictly due to the limitation of time and I strongly believe that given more time, this project could advance in greater depth; focusing on bio-resonant therapy and the possibility of virus or bacteria being destroyed through the emission of signals.   
6.2. LEARNING POINTS
As a conclusion, I ascertained that developing a bio-medical device by means of designing one from scratch is not only an on-going process that entails a lot of time, but also requires constant refinement. This has taught me that time management in handling a research project is crucial as new things may be discovered and unanticipated results may just surfaced.
A rational hypothesis holds a paramount importance in constituting the foundation of any given project. Subsequent research and clinical trials are essential to evaluate the product’s validity before it is released into the market. 

Despite some of the difficulties encountered, it is of no doubt that the modules covered in UniSIM’s Biomedical Engineering Program have managed to competently prepare us when managing the given project. The knowledge earned has added a definite advantage in not only completing the project proper, but also to have a better insight on the various researches that the biomedical industry is currently looking into. 
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APPENDIX
1. Length of Patch and Resonance Frequency
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(a)
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(b)


Simulation Results:
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Conclusion: Longer patch antenna operates at a lower resonance frequency.

2. Input Impedance and Distance between Feed Point and Ground Pin
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(a)
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(b)


Simulation Results:
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Conclusion: Distance between the feed and the ground pin is directly proportional to the input impedance of the patch antenna. 

3. Input Impedance and The Location of Feed Point and Ground Pin

	[image: image42.emf]
(a)
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(b)


Simulation Results:
[image: image44.emf]

[image: image45.emf]
Conclusion: The switching in location of feed point and ground pin generates a different simulation results. 
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