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Abstract 
Electrocardiography, nowadays, is an essential part of the initial evaluation for patients presenting with cardiac complaints. However, an normal electrocardiography can not eliminate absolutely the heart disease. For example, in the case our heart rate is irregular and appears intermittently, if ECG is mearsured between the attacks, it will be normally. Also, not all cases of myocardial infarction were detected by normal ECG and angina is a typical case. At that time, we will need to consider a special ECG – Stress (Exercise) Echocardiography. Stress echo is done as part of a stress test. During a stress test, patients exercise or take medicine (given by doctor) to make their heart work hard and beat fast. A technician will use echo to create pictures of patients’ heart before they exercise and as soon as they finish. Some heart problems, such as coronary heart disease, are easier to diagnose when the heart is working hard and beating fast. To meet the demands of this procedure, a stress electro-cardiogram instrumentation wil be used in order to observe and store the whole process. Generally, such this system consists of three main units: exercise equipment (treadmill/stationary bicycle), special ECG device and a supported computer system. By considering appropriate components, a stress ECG instrumentation can be designed and integrated completely.
Key Words: stress ECG, cardiovascular disease, DSP, delta-sigma ADCs, 12-lead electrocardiogram.
1. Introduction
The last decade of the 19th century witnessed the rise of a new era in which physicians used technology along with classical history taking and physical examination for the diagnosis of heart disease. The first ECG machine employed a string galvanometer to record the potential deference between the extremities resulting from the heart’s electrical activation (Figure 1). In the first half of the 20th century, a number of innovative individuals set in motion a fascinating sequence of discoveries and inventions that led to the 12-lead electro-cardiogram as we know it now.
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Figure 1: The first ECG machine (AlGhatrif, M 2012)
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Figure 2: Some popular stress ECG systems
Electrocardiography today is an essential part of the initial evaluation for patients presenting with cardiac complaints. Specifically, it plays an important role as a non-invasive, cost-effective tool to evaluate arrhythmias and ischemic heart disease.
However, an normal electrocardiography can not eliminate absolutely the heart disease. For example, in the case our heart rate is irregular and appears intermittently, if ECG is mearsured between the attacks, it will be normally. Also, not all cases of myocardial infarction were detected by normal ECG and angina is a typical case. It is the reason why we need a special procedure – stress ECG. The device used to observe, store and diagnosis stress ECG signals is call stress electro-cardiography instrumentation (Figure 2).

In this paper, we will present first some main points of stress test for heart disease, typically a treadmill/stationary bicycle stress test. Then, a brief description about principles as well as the structure of stress ECG instrumentation dealing with blocks such as exercise equipment (treadmill/stationary bicycle), analog front end unit, processors and display/diagnostic supporting unit are being discussed. Finally, a conclusion is pointed out.
2. Stress Test for Heart Disease
2.1. Definition and Classification
The exercise stress test - also called a stress test, exercise electrocardiogram, treadmill test, graded exercise test, or stress ECG - is used to provide information about how the heart responds to exertion. It usually involves walking on a treadmill or pedaling a stationary bike at increasing levels of difficulty, while your electrocardiogram, heart rate, and blood pressure are monitored.
There are many different types of stress tests, including:

· Treadmill stress test: As long as you can walk and have a normal ECG, this is normally the first stress test performed. You walk on a treadmill while being monitored to see how far you walk and if you develop chest pain or changes in your ECG that suggest that your heart is not getting enough blood.

· Dobutamine or Adenosine Stress Test: This test is used in people who are unable to exercise. A drug is given to make the heart respond as if the person were exercising. 
· Stress echocardiogram: An echocardiogram (often called "echo") is a graphic outline of the heart's movement. A stress echo can accurately visualize the motion of the heart's walls and pumping action when the heart is stressed; it may reveal a lack of blood flow that isn't always apparent on other heart tests.

· Nuclear stress test: This test helps to determine which parts of the heart are healthy and function normally and which are not. A small amount of radioactive substance is injected into the patient. Then the doctor uses a special camera to identify the rays emitted from the substance within the body; this produces clear pictures of the heart tissue on a monitor. These pictures are done both at rest and after exercise. Using this technique, areas of the heart that have a decreased blood supply can be detected.
As we know that, there are several ways to take the patients to the exhausted state. In this paper, we will just focus on the treadmill/bicycle stress test. The next paragragh will show a brief description about this test.
2.2. Treadmill/Stationary Bicycle Stress Test
A stress test usually is accompanied by echocardiography. The echocardiography is performed both before and after the exercise so that structural differences can be compared.

First, during a stress test, a technician will gently clean 10 small areas on your chest and place electrodes (small, flat, sticky patches) on these areas. The electrodes are attached to an electrocardiograph monitor (ECG or EKG) that charts your heart's electrical activity during the test.
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Figure 3: Treadmill Stress Test

A resting echocardiogram is obtained prior to stress. Then, the patient is subjected to stress in the form of exercise. According to this procedure, patients will walk on a treadmill (or pedal on an exercise bicycle) slowly (3 minutes). Next, they will be asked to walk (or pedal) faster and on an incline. It is like being asked to walk fast or jog up a hill (Figure 3).

In most cases, the patients will need to walk or pedal for around 5 to 15 minutes, depending on their level of fitness and their age. Doctor will ask them to stop:

· When the heart is beating at the target rate

· When patients are too tired to continue

· If the patients are having chest pain or a change in their blood pressure that worries the provider administering the test.
After the target heart rate is achieved, 'stress' echocardiogram images are obtained.
The two echocardiogram images are then compared to assess for any abnormalities in wall motion of the heart. This is used to detect obstructive coronary artery disease.
2.3. Stress test terminology (Froelicher, V.)
Stress test’s results are evaluated and analyzed based on the maximal oxygen uptake (VO2max), metabolic equivalent term (METs), and myocardial oxygen consumption.


a. Fick equation
The maximal oxygen uptake (VO2max), which represents for the greatest amount of oxygen an individual utilizes with maximal exercise, is the “Gold Standard” for cardiorespiratory fitness and is expressed in the Fick equation as follow:
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(1)

This quantity is calculated in ml O2/kg/min.

b. Metabolic Equivalent Term (METs)
One MET is defined as “Basal” aerobic oxygen consumption to stay alive and equals to 3.5ml O2/kg/min.
Table 1: MET Values

	MET Values
	Equivalent

	1 MET
	“Basal” = 3.5ml O2/kg/min

	2 METs
	2 mph on level

	4 METs
	4 mph on level

	< 5 METs
	Poor prognosis if <65

	10 METs
	Prognosis with med therapy

	13 METs
	Excellent prognosis

	16 METs
	Aerobic master athlete


In the treadmil case, we have:



[image: image7.wmf](

)

Speed0.1Grade1.83.5

METs

3.5

´+´+

éù

ëû

=




(2)
where speed is calculated in meters/minute and grade expressed as a fraction which is a parameter along with the equipment.

In general, this value represents for inf-thyroid status, post exercise, obesity and disease states.

c. Myocardial Oxygen consumption
This value is indirectly measured as the “Double Product”.(DP value) We have:
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Normally, this value is around 20000 – 25000. If it is smaller than 20000, we have a low heart work load. Besides, in the case the value is bigger than 29000, it indicates high heart work load.

[image: image9.jpg]


     [image: image10.jpg]



Figure 4: Exercise equipments
3. Stress ECG Instrumentation
3.1. Treadmill and stationary bicycle

This device is used to support performing stress tests. In addition to the standard tests protocol which have been installed (Bruce, Naughton, Weber, ACIP, modified ACIP), this device also allows to adjust and update other tests quickly and flexibly to meet the medical requirements. Besides, this device can be operated directly via the console or a controller connecting via computer.
3.2. ECG Device (Rakesh, K., 2014)
ECG, electrocardiogram plays a vital role in the diagnosis of heart related problems. Good quality ECG is used by the doctors for identification of physiological and pathological phenomena. ECG is very sensitive in nature and even if small amount of noise interferes with it, the characteristics of the signal change. The main objective of the processing of ECG signal is to provide us the accurate, fast and reliable information of clinically important parameters like duration of QRS complex, the R-R interval, occurrence, amplitude and duration of P,R and T waves. 
a. ECG Electrodes/Sensors

ECG electrodes make an interface between the heart’s electrical activity and the further electric circuitry. The ECG system having different types of leads in quantity may be 12 leads, 6 lead, 5 leads, or 3 leads. Depending on the clinical application or real time complexity with placement of electrodes uised anyone leads system is employed. Figure  shows the Einthoven’s triangle and electrodes placement respectively.

The important design considerations for a sensor are (Abdul, Q., B., 2013):
· Able to sense very low amplitudes in the range of 0.05 to 10 mV.
· High input impedance of >5 MΩ.
· Low input leakage current <1 µA.
· Flat frequency response 0.05-150Hz.
· High common mode rejection ratio.
[image: image11.png]sy [ oam
22| PORT
usen

INTERFACE

1
CABLED

WIRELESS

INTERFACE

WiRED
INTERFACE

10
EXPANDERS.

)
BACKLIGHT

TOUCH-SCREEN

‘controLten. iR

LEDDISPLAY
DRIVER

ANALOG FRONT-END

LeveL
SHIFTERS.

oaTa
STORAGE

PACEIAKER
DETECTOR

LEAD-0FF
DETECTOR

vouTGe
REFERENCE

.

Neups?.

PRINTER

ACORDC
AORPTER

Rl EarreRr
cincen [l Aui

esom seenven
ocsmiiaton || e
PROTECTON
% wiLson Tenp
NETWORK REFERENCE DRIVE SENSOR
BATTERY MANAGEMENT POWER MANAGEMENT

SUITCHING

NERR vouTage
AecLATOR [l SUPERVISOR





Figure 5: Blocks diagram of an ECG device 

[image: image12]
Figure 6: Types of ECG electrodes and electrodes placement

b. Analog front end unit
The front end of an ECG acquisition system must be able to deal with extremely small voltage signals ranging from 0.5 mV to 5.0 mV, combined with a dc component about 300 mV, resulting from the contact between electrode and skin and a common-mode component of up to 1.5 V, resulting from the potential difference between ground and the electrodes. The primary components of a traditional discrete ECG AFE unit include instrumentation amplifiers, operational amplifiers that implement low pass and high pass filters, and analog-to-digital converters (Figure 7)
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Figure 7: Analog front end block diagram

The instrumentation amplifier is adopted as the preamplifier in the analogue front-end system to obtain a high common mode rejection ratio. The filter section of an AFE unit of ECG acquisition system consists of a high pass filter with cut-off frequency greater than 0.5Hz, a low pass filter with cut-off frequency less than 110Hz and a notch filter of 50Hz frequency. The analog front-end hardware for an ECG acquisition unit could be reduced if we use with it an ADC with very high resolution (approximately 24 bits) and high-speed (approximately 100 kbps)

c. Microcontroller (Processing) Unit
Microcontrollers play an important role in enhancing the performance of the ECG systems.
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Figure 8: Processing unit block diagram

Microprocessor technology has been also employed in electrocardiographs to attain certain desirable features like removal of artifacts, baseline wander, etc using software techniques.
The choice of a microcontroller is very important as it provides an exact combination of programming, cost and power consumption.
3.3. Display and Diagnostic Supporting System with expertationt integrated software
This system is designed and programmed to allow us to have some functions:

· Integrated resting ECG and stress testing;

· QRS classification accuracy;
· Enable counting MET, oxygen consumption volume;

· Drawing BP and MET graph;

· Friendly software with multiple functions: patient database management (using RFID cards), export/improt data.

Besides, the software also need to be integrated an expertation system allowing to screen the risk of cardiovascular diseases.

The HMI of the software should be presented as shown in Figure 9.

4. Conclusions

There is a growing demand for modern ECG systems which allow doctors can have better diagnosis and stress ECG system is one of the crucial device.

The study of the cardiac arrhythmias is one of the most important aspects in the biomedical engineering as cardiacbdisease is one of the major causes of deaths in the world. The importance of the stress electrocardiogram in the diagnosis of cardiac diseases, demands the advances in the medical technology to develop low cost acquisition systems with increased efficiency.
According to the analysis and description in this paper, the integration to produce a complete stress ECG system to meet the requirements of screening and diagnosis of cardiovascular disease while ensuring safety standards for human is very possible and necessary.
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Figure 9: The HMI of integrated software system
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