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ABSTRACT

The objective of this study was to measure the correlation between ES Teck
and echocardiography in the ejection fraction percentage to evaluate the accuracy and
precision of new technology medical device of ES Teck. 75 Male and Female subjects
with the age of 35 years or above who attended gold package for health check up at
Vejthani Hospital were recruited. The data was kept for three months to record the
ejection fraction percentage of ES Teck and echocardiography in the same day.

Correlation of the data obtained were analyzed by using Pearson correlation
test. The correlation of all ejection fraction percentage (%EF) between ES Teck and
echocardiography were significantly correlated (p<0.05, r=0.312) at confident interval
of 95%. Moreover in normal %EF (55-75%), result showed very significant correlated
(p<0.01, r=0.482) at confident interval of 99% whereas the result in abnormal %EF
was also correlated with statistical significant but in different confident interval.

ES Teck was a medical device that give an accurate %EF as compared with
echocardiography. It had a very strong reliable in the normal range of %EF. Therefore,
ES Teck was a beneficial device to determine the heart failure by the screening of %EF.
ES Teck concluded to be the pre-screening device to evaluate the heart condition before
the patients face the symptoms of heart diseases accordingly. Also, ES Teck can be used
as a guideline to assist the physician in selecting the proper management for the patient.

Keywords: ES Teck/Echocardiography/%Ejection Fraction (%EF)
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CHAPTER 1

Introduction

1.1 Background and Rationale of the Study

Today, the important question that we need to pay close attention to was how
many people die each year? Why they had die? Was there any other illness affecting
the living? What was the level of healthcare service effectiveness? From World
Health Organization, in year of 2008, reported that top 10 cause of death in the world
was ischemic heart disease followed by stroke and other cerebrovascular disease.
Globally, many peoples got a degenerative disease in the younger age. Their common
risk factors as we know were overweight or obesity, sedentary lifestyle, unhealthy
diet, tobacco smoked, overused of alcohol, rising of blood pressure, blood sugar and
cholesterol or triglyceride. All these factors were the leading cause of cardiovascular
disease.

When the peoples got sick, they tried to seek out the best care that was
harmless and useful to them. Thus, to reduce the side effect and reach to the benefit of
compliance, new drugs had been manufactured. Also, many medical instruments from
worldwide market were invented to promote the maximum accuracy, safety to the
user and took less time to test in order to detect an early abnormality of the diseases.

For the cardiovascular diseases, there were many standard instruments that could
detect the heart and vascular problem. For example, electrocardiography (EKG) used to
screen the abnormality of heart rhythm or ischemic pattern. Exercise Stress Test (EST)
was more accurate to detect the severity of ischemia than electrocardiography. But in
EST, the patient needed to used a high exertion of energy to achieved testing time.
Another instrument was the echocardiography which simply called Echo. It was the
ultrasound of the heart. It could help to screen the heart chamber or abnormalities of heart
valve. This test would be more comfortable to test in the elderly patients or those who had
the joint problems. It measured the ejection fraction percentage (%EF) that used to
determines how well your heart pumps with each beat. EF was associated with systolic
dysfunction. Therefore, patients with heart failure usually reduced the ejection fraction.

Nowadays, there were many patients running through the Universal Health
Coverage Service from Ministry of Public Health in Thailand. In 2009, the ratio of
Thai healthcare practitioner to patient was 1: 1,985 patients in the public hospital.
Thai healthcare practitioner needed to work harder and more carefully on the patient’s
management against the time in order to get the right diagnosis and treatment.
Therefore, the aim of this research was to seek out how to screen an early abnormality
prior signs and symptoms begin. Nowadays, there were plenty of new technology in
the medical tools that could initially screen the optimal health profiles. If this medical



tools were working well, it could help the healthcare practitioner to reduce the
misdiagnosis.

This research was designed based on the above rationale to study the
correlation between new medical technology instrument with standard instrument. If
this two instruments had statistically significant correlation, this could help the
healthcare practitioner to initially screen the cardiovascular condition.

1.2 Reasons for Conducting Human Study

ES Teck was designed for the human used and it was non-invasive to human.

1.3 Research Objectives

To measure the correlation between ES Teck and echocardiography in the
ejection fraction percentage.

1.4 Research Questions

Did ES Teck had an equal accuracy and precision when compared to echocardiography ?

1.5 Research Hypothesis

There was statistically significant correlation between ejection fraction when
compared between ES Teck and echocardiography.

1.6 Conceptual Framework

The symptoms caused by cardiovascular disease result most commonly from
the abnormal heart rate and rhythm, disturbance of heart contraction and relaxation, or
blockage of blood circulation. Most common manifestation were chest discomfort,
angina, dyspnea, orthopnea, and palpitation. When the patient came, important
medical history needed to be record followed with the systematic physical
examination. When the physician suspected the cardiovascular abnormality, they
required for the blood test, electrocardiography and/or chest x-ray. Furthermore, they
used the echocardiography to assess the heart condition. An echo detected and



measured valvular disease, heart size, blood flow, clots inside the heart, ejection
fraction, heart wall motion, pressures inside the heart, and more. When all data was
analyzed, the physician planned the management for the problem. But if ES Teck had
equal accuracy and precision when compared to echocardiography, this instrument
could assist the physician to get the right diagnosis and treatment as well.

Symtoms

U

Physical Examination

4

Suspect Cardiovascular
abnormality

Il

Blood Test/ CXR / EKG

T 2

=z ES Teck

- <

Conceptual Framework

Figure 1.1 Conceptual Framework of Study

1.7 Contribution of the Study

The benefit of this study in anti-aging practice helped to screen the
cardiovascular condition in order to seek out hidden abnormality prior the patients
complained about their symptoms.

This study could be used as a guideline to assist the physician in selecting the
proper management for the patient.

The information in this study might be utilized by other researchers for further
investigation of ES Teck technology that would be a monitoring tool in the future.



1.8 Scope of Research

Subject recruited from the executive healthcare center in Vejthani hospital
who chose the gold program for health check-up of which echocardiography was
included. To select the subjects, both male and female with the age of 35 years old up
are recruited in the research. Subject needed to examine echocardiography first and
wait for 30 minutes to examine the ES Teck in the same day.

1.9 Terms and Definition

1.9.1 ES Teck
A noninvasive medical device that measured several physiological parameters
from the different main regulatory mechanism of the body.

1.9.2 Echocardiography

A medical instrument that showed a graphic outline of the heart's movement
that could assessed overall of the heart function such as heart chamber size, valvular
motion and abnormality, wall thickness, septal defect and pericardial effusions.

1.9.3 % Ejection Fraction (%EF)
A measurement for the fraction of blood ejected by the ventricle which calculated
from
EF = [(EDV - ESV) / EDV] * 100
EDV = end-diastolic volume
ESV = end-systolic volume



CHAPTER 2

Literature Review

2.1 Anatomy of Heart

Heart was located in the center of the thorax. The shape was like a blunt cone.
The size was about human fist of its owner. The height and width in average were about
12 cm long and 9 cm wide (5.0 inches by 3.5 inches). Adult male heart weighed about
250 to 390 gm. and the female heart weighed about 200 to 275 gm. (Wynsberghe,
Noback & Carola, 1995).

Human heart was divided into four chambers which were two superior atria and
two inferior ventricles. There was a septal wall to divide heart into left and right side. It
also had a heart valves to divide heart into atria and ventricles. The four valves in the
heart were two atrioventricular valves which locate between atria and ventricles known as
mitral valve and the tricuspid valve. Another two semilunar valves which locate in the
arteries leaving the heart were the aortic valve and the pulmonary valve (Wynsberghe et
al., 1995). The heart wall was made up of three layers. The outer layer is called
epicardium. The middle layer called myocardium and the last layer is called endocardium
(Wynsberghe et al., 1995).

There were five great vessels of the heart. The largest arteries and veins of the
heart formed the beginning of the pulmonary and systemic circulations. The vessels
carrying oxygen-poor blood from the heart to the lungs were the pulmonary arteries.
Those returning oxygen-rich blood from the lungs to the heart were the pulmonary
veins. Draining venous blood from the upper and lower parts of the body to the heart
were the superior vena cava and the inferior vena cava. The artery carrying highly
oxygenated blood away from the heart was the aorta. It is called the ascending aorta
as it extends upward from the left ventricle, the aortic arch where it bended (arches),
and the descending aorta as it continued downward. There were two main coronary
arteries. The left main coronary artery and the right coronary artery which arised from
the Aorta. The left main coronary artery divided into the left anterior descending
branch and the left circumflex arteries. Each artery supplied blood to different parts
of the heart muscle and the electrical system (Wynsberghe et al., 1995).



2.2 Physiology of Heart

The cardiac events that occurred from the beginning of one heartbeat to the
beginning of the next were called the cardiac cycle. Each cycle was initiated by
spontaneous generation of an action potential in the sinus node. This node was located
in the superior lateral wall of the right atrium near the opening of superior vena cava,
and the action potential travelled rapidly through both atria and thence through the A-
V bundle into the ventricles. Because of a special arrangement of the conducting
system from the atria into the ventricles, there was a delay of more than 1/10 second
between passage of the cardiac impulse from the atria into the ventricles. This allowed
the atria to contract ahead of the ventricles, thereby pumped blood into the ventricles
before the strong ventricular contraction. Thus, the atria acted as primer pumps for the
ventricles, and the ventricles then provided the major source of power for moving
blood through the vascular system (Guyton & Hall, 1996).

The cardiac cycle consisted of a period of relaxation called diastole, during
which the heart filled with blood, followed by a period of contraction called systole.
Blood normally flowed continually from the great veins into the atria; about 75
percent of the blood flowed directly through the atria into the ventricles even before
the atria contract. Then, atrial contraction usually caused an additional 25 percent
filling of the ventricles. Therefore, the atria simply function as primer pumps that
increased the ventricular pumping effectiveness as much as 25 percent. Yet the heart
continued to operate satisfactorily under most conditions even without this extra 25
percent effectiveness because it normally had the capability of pumping 300 to 400
percent more blood than was required by the body. Therefore, when the atria failed to
function, the difference was unlikely to be noticed unless a person exercises; then
acute signs of heart failure occasionally developed, especially shortness of breath.
(Guyton & Hall, 1996).

During ventricular systole, large amounts of blood accumulated in the atria
because of the closed A-V valves. Therefore, just as soon as systole was over and the
ventricular pressures fell again to their low diastolic values, the moderately increased
pressures in the atria immediately push the A-V valves open and allowed blood to
flow rapidly into the ventricles. This was called the period of rapid filling of the
ventricles. The period of rapid filling lasted for about the first third of diastole. During
the middle third of diastole, only a small amount of blood normally flows into the
ventricles; this was blood that continues to empty into the atria from the veins and
passes on throught the atria directly into the ventricles. During the last third of
diastole, the atria contracted and gave an additional thrust to the inflow of blood into
the ventricles; this accounts for about 25 percent of the filling of the ventricles during
each heart cycle. (Guyton & Hall, 1996).

During diastole, filling of the ventricles normally increased the volume of each
ventricle to about 110 to 120 milliliters. This volume was known as the end-diastolic
volume. Then, as the ventricles empty during systole, the volume decreased about 70
milliliters, which was called the stroke volume output. The remaining volume in each
ventricle, about 40 to 50 milliliters, was called the end-systolic volume. The fraction
of the end-diastolic volume that was ejected was called the ejection fraction, usually
equal to about 60 percent. (Guyton & Hall, 1996).



When the heart contracted strongly, the end-systolic volume fell to as little as
10 to 20 milliliters. On the other hand, when large amounts of blood flowed into the
ventricles during diastole, their end-diastolic volumes became as great as 150 to 180
milliliters in the normal heart. And by both increasing the end-diastolic volume and
decreasing the end-systolic volume, the stroke volume output could at times be
increased to about double normal. (Guyton & Hall, 1996).

2.3 Incidence of Cardiovascular Diseases

Globally, about 57 million people died each year. Almost 15% of these deaths
occurred in children under the age of 5. Child deaths occurred in Africa and South
East Asia about 74% (World Health Organization, 2011Db).

Age standardized death rate (per 100,000 populations) in 2008 from WHO are
as following.

Table 2.1 Incidence of Cardiovascular Diseases

Country Death rate Country Death rate

Malawi 2,344 USA 505
Central Africa 2,080 UK 462
Afghanistan 1,978 Finland 447
Somalia 1,902 Germany 441
Ethiopia 1,763 Norway 425
Myanmar 1,475 Canada 401
Loas 1,253 France 398
India 1,147 Australia 378
Thailand 935 Switzerland 371
China 731 Japan 349
UAE 517

From. World Health Organization. (2008a). Age standardized death rate in year
2008. Retrieved August 10, 2011, from http://gamapserver.who.int/gho/
interactive charts/ mbd/ as_death_rates/atlas.html



Global Health Observatory (GHO) of WHO concerned for four main
noncommunicable diseases (NCDs) such as cardiovascular disease, stroke, cancer,
diabetes and chronic respiratory diseases which were the leading cause of mortality in
the world. The number of people afflicted had increased. About 36 million of the 57
million global deaths in 2008 were due to NCDs. Premature NCD mortality was about
29% of NCD deaths in low- and middle-income countries in 2008 occurred before the
age of 60. (World Health Organization, 2008c).

Table 2.2 Leading Causes of NCD Deaths in 2008

Leading causes NCD deaths in 2008
Cardiovascular diseases 17 million (48% of all NCD deaths)
Cancers 7.6 million (21% of all NCD deaths)
Respiratory diseases, including asthma and 4.2 million
chronic obstructive pulmonary disease
Diabetes 1.3 million

From. World Health Organization. (2008b). Death from Noncommunicable
Diseases (NCDs). Retrieved August 10, 2011, from http://www.who.int/
gho/ncd/ mortality morbidity/ncd total text/en/ index.html

Table 2.3 Cardiovascular Diseases and Diabetes Deaths in 2008

Cardiovascular diseases and diabetes
deaths per 100,000 (age-standardized estimate)

Locations Time Period Male Female
Malawi 2008 674 500
Central African 2008 476 520
Thailand 2008 343 280
UAE 2008 309 204
USA 2008 190 122
UK 2008 166 102
Japan 2008 118 65

From. World Health Organization. (2008d). Mortality, cardiovascular diseases
and diabetes deaths rate. Retrieved August 10, 2011, from
http://apps.who.int/ghodata/?vid=2490



Risk factors was about 80% of premature heart disease, stroke and diabetes
can be prevented. In fact, cardiovascular disease was the most life threatening that
urgently needed to be diagnose.

2.4 What are Cardiovascular Diseases?

Cardiovascular diseases (CVDs) were a group of disorders of the heart and blood
vessels and include (World Health Organization, 2011a):

2.4.1 Coronary heart disease-disease of the blood vessels supplying the heart
muscle

2.4.2 Cerebrovascular disease-disease of the blood vessels supplying the brain

2.4.3 Peripheral arterial disease-disease of blood vessels supplying the arms
and legs

2.4.4 Rheumatic heart disease- damaged to the heart muscle and heart valves
from rheumatic fever, caused by streptococcal bacteria

2.4.5 Congenital heart disease-malformations of heart structure existing at
birth

2.4.6 Deep vein thrombosis and pulmonary embolism-blood clots in the leg
veins, could dislodged and moved to the heart and lungs

2.5 How to Detect Cardiovascular Disease

To assess the heart disease, the health history taking, physical examination and
proper investigation were very important. Dyspnea was one of the cardinal manifestations
of diminished cardiac reserve. Chest discomfort might resulted from myocardial
ischemia. (Fauci et al., editors, 1998)

2.5.1 General and Specific Examination:
A physical examination in all system not only in the cardiovascular system to
make we knew other health problem that might be hidden.

2.5.2 Blood Test:
indicated some degree of myocardial infarction and seeked for other risk factor to
the cardiovascular diseases eg. Diabetic mellitus or Dyslipidemia.

2.5.3 Electrocardiography (ECG or EKG):
painless investigation that knew the real time of heart rhythm, showed an
abnormalities of electrical impulse or an ischemic pattern of the heart.
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2.5.4 Chest X-Ray (CXR):
Used in the evaluation of pulmonary, cardiac, and mediastinal diseases and
traumatic injury.

2.5.5 Exercise Stress Test (EST):
Was a screening tool used to test the effect of exercise on your heart. It was
the most often done to evaluate for coronary artery disease.

2.5.6 Echocardiography:
Used to evaluate heart chamber size, valve motion and abnormality, wall
thickness, septal defect and pericardial effusions.

2.5.7 Cardiac Catheterization and Angiography:
A procedure that used a special dye (contrast material) and x-rays to see how
blood flows through your heart.

2.5.8 Cardiac Computed Tomography:

Commonly called CT scan, used to visualize the heart anatomy, coronary
circulation, and great vessels.

All these usually provided important information to permit the correct interpretation
of symptoms. As outlined by the New York Heart Association, the elements of a complete
cardiac diagnosis included consideration of the underlying ethiology, anatomic
abnormalities, physiologic disturbances and the extent of functional disability.

2.6 Echocardiography

Angina Pectoris or chest pain was the most life-threatening symptom of ischemic
heart disease. Eventhough the chest pain was the important sign of myocardial infarction,
it could be a signs for other heart diseases such as hypertrophic cardiomyopathy, valvular
stenosis, aortic dissection, pericarditis, mitral valve prolapsed and acute pulmonary
embolism as well.

Thus, echocardiography was one of the most widely used diagnostic tests for
heart disease. It was the noninvasive and had no known risks of side effects that gave
helpful information about your heart. It measured the heart size, shape and motion. It
detected a valve disease, blood flow, clots and pressure inside the heart. It also gave the
percentage of ejection fraction to know the status of heart pumps. It helped to detect the
presence and assessed the severity of any wall ischemia that may be associated with
coronary artery disease. Echocardiography also helped determine whether any chest pain
or associated symptoms were related to heart disease.

Those were some diseases or conditions that used echocardiography to help in
diagnosis. Valvular stenosis, valvular regurgitation, mitral valve prolapsed, ventricular
performance, cardiac source of emboli, endocarditis, congenital heart disease,
hypertrophic cardiomyopathy, pericardiac effusion and congestive heart failure.
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This was the guideline to evaluate congestive heart failure by using
echocardiography from The Heart Association of Thailand under the Royal Patronage.

Hx + PE = clinical suggest to CHF

!

CXR., EKG, and/or

BNP/NTproBINP +ve

MNormal

Not Favor to CHF

Y

Re-Dx

i Abnormal
MNormal

Echocardiography

l Abnormal

Diagnosis

\

Treatment

Additional Investigation

eg. Coronary angiogram

/

From. The Hearth Association of Thailand under the Royal Patronage of H. M. the
King. (n.d.). swamamsiiidunasgrunemsitodanazguasnngihoniig

#Walodumad. Retrieved July 30, 2011, from http://www.thaiheart.org/images/
column_1291454908/CHFGuideline.pdf

Figure 2.1 Guidelines for Congestive Heart Failure

2.7 Ejection Fraction

The ejection fraction (EF) was an important measurement in determining how
well your heart could pumped out the blood and in diagnosed and tracked the heart
failure. It was a measurement of how much blood the left ventricle pumps out with
each contraction. The normal heart’s ejection fraction was range from 55 to 70
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percent. For example, the ejection fraction of 60 percent meaned that 60 percent of the
total amount of blood in the left ventricle was pushed out with each heartbeat. You
could have a normal ejection fraction reading and still have heart failure. If the heart
muscle had become so thick and stiff that the ventricle held a smaller-than-usual
volume of blood, it might still seem to pump out a normal percentage of the blood that
enters it. In reality, though, the total amount of blood pumped wasn't enough to meet
your body's needs. A result of EF under 40 might be evidence of heart failure or
cardiomyopathy. An EF between 40 and 55 indicated damage, perhaps from a
previous heart attack, but it might not indicate heart failure. In severe cases, EF could
be very low. On the other hand, EF higher than 75 percent could indicate a heart
condition like hypertrophic cardiomyopathy. (American Heart Association, 2011).

There was a study of 66-year-old woman admitted to the hospital because of
cardiac and renal failure. The patient had a dyspnea on exertion and leg edema
developed. An echocardiography showed an ejection fraction of 56% with biventricular
hypertrophy, left atrial dilatation (55 mm in the greatest dimension), elevated left
atrial pressure, a left ventricular ejection fraction of 56%, and an estimated right
ventricular systolic pressure of 49 mmHg. The echocardiogram was ordered for the
investigation of left ventricular function and to exclude valvular abnormalities in this
patient, who presented with symptoms of congestive heart failure (Raje, Steele,
Lawrimore, Johri & Sohani, 2011).

There was another study of the comparison of invasive and non-invasive
measurements of haemodynamic parameters in patients with advanced heart failure.
Measurement of haemodynamic parameters using a Swan-Ganz catheter was of
clinical importance in patients with advanced heart failure; however, its applicability
was limited due to its invasiveness. They examined 25 patients with advanced heart
failure (20 men, age: 64+11 years, New York Heart Association class III/IV: 88/12%,
left ventricular ejection fraction: 37+£20%), 13 (52%) demonstrated decompensated
heart failure. In conclusion of the study, the results suggested that a non-invasive
method for haemodynamic monitoring could be applied in clinical practice in patients
with advanced heart failure (Sokolski et al., 2011)

2.8 ES Teck

ES Teck was a device that measure several physiological parameters from the
different main regulatory mechanism of the body and the state of the internal environment
(living tissues) to provide an estimation of the Homeostasis of the patient. This system
was a programmable electoro medical system (PEMS) which was composed of USB plug
and played hardware device including six tactile electrodes and cables. A direct current of
1.28V was applied between six tactile electrodes placed symmetrically on the forehead,
hands, and feet of the subject. Each electrode was alternatively cathode and anode
(bipolar mode), which permitted the recording of 22 segments from the human body
(Nguyen & Kurtz, 2006; Schoeller, 2000). The intensity was transmitted with a numeric
form for each segment to an informative program. Background of this used technique
were the electrical Bio Impedance Analysis (BIA) and Bio Impedance Spectrometry
(BIS).
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The Bio Impedance Analysis (BIA) was used in many applications like the
estimated of the body composition and water balance but also in cardiology and imaging.
The Bio Impedance Spectrometry (BIS) was used for estimated the body composition and
water balance but also for estimated the neurotransmitters. The specificity of the
technique was the utilization of a voltage of 1.28 V in direct current (DC) that cannot
cross the cellular membranes and capillaries and therefore could only reach the interstitial
fluid (interstitial tissue), whose intensity, resistance, and conductivity could be measured.
These facts were confirmed by the research of Kanai and Maijer that the cellular
membrane and capillaries behave as one capacity because of dielectric properties, so a
direct current cannot penetrated its membranes and circulated solely in the interstitial
fluid. The tissues constituted an electrolytic environment; conduction of electric current
was assured by the ionic porters, under the effect of a tension applied between two
electrodes. The conductivity was also related to the volume (water content) of the space
traversed (intersitital fluid).

The normal range of interstitial fluid sodium concentration was from 121.6 to 129
mmol/L and it should be corresponding in intensity (Cottrell equation) from 12.4 to 20
pA. The volume of interstitial fluid was related with the total weight: normal range 16%
+/- 3 of the total weight and the size of this space (inter capillary distance): 80 +/- um.
Estimate tissue of oxygen delivery related to the inter-capillary distance and resistance.

The electrical impedance of a living tissue could be continuously measured in
order to determine its patho-physiological evolution. Some pathology like ischemia,
infarct or necrosis implies cellular alterations that were reflected as impedance changes.
The bio impedance monitoring had been proposed for ischemia detection. In most cases,
the event was detected or monitored because an alteration of the extra-intracellular
volumes occurred. It illustrated how ischemia was monitored by bio impedance
measurements. During the normoxic condition, a significant amount of low frequency
current was able to flow through the extracellular spaces. When ischemia and the
following lack of oxygen (hypoxia) was caused by any means, the cells were not able to
generate enough energy to feed the ion pumps and extracellular water penetrated into the
cell. As a consequence, the cells grew and invaded the extracellular space. This caused a
reduction of the low frequency current that yielded an impedance modulus increase at this
low frequency. Thus, the bio impedance measurement at low frequencies was an indicator
of the tissure ischemia.

This simplistic description of the ischemia-impedance relationship could be not
correct for cells containing gap junctions. In those cases of myocardium, the observed
impedance increased at low frequencies mostly attributed to the closure of the gap
junctions (Gersing, 1998). One study stated that the evolution of the impedance modulus
at 1 kHz. for six impedance probes inserted in a beating pig heart subjected to regional
ischemia. Three of them were within a normoxic area and the other three are within the
area influenced by the ischemia (Min, Ollmar & Gersing, 2003). The necrosis processed
that follows a long ischemia period could also be detected because the loss of membrane
integrity allowed continuity between the extra and intra-cellular media and, consequently,
the impedance magnitude at low frequencies decreases (Haemmerich et al., 2003).

By using the spectrometry technique and in particular the chronoamperometry,
the ES teck system made the calculation and estimated the interstitial fluid electrolytes
and interstitial fluid H+ concentration according to the ionic flux (diffusion coefficient of
the ions) (EIS Scan, 2008).
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ES Teck can be used to screen or check many human system as the following:

2.8.1 Nervous System-showed the cerebral tissue at frontal lobes and limbic
systems, neurotransmitters.

2.8.2 Cardiovascular System-showed the blood pressure and ischemic
indicator eg. Blood volume, mean arterial pressure, cardiac output, systemic vascular
resistance include heart failure indicator eg. %Ejection fraction.

2.8.3 Respiratory System-showed the respiratory rate and gases balance eg. %
sp02, PaCO2 and PaO?2.

2.8.4 Digestive System-showed the perfusion of digestive organs.

2.8.5 Urogenital System-showed the total body water, extra-intracellular
water, tissue perfusion of uterus, prostate or bladder.

2.8.6 Autonomic Nervous System-showed the sympathetic and parasympathetic
activities.

2.8.7 General Metabolic Function-showed the balance of electrolytes

2.8.8 Hormonal System-showed the thyroid, parathyroid, and pancreatic
activities.

2.8.9 Chiropractic-showed the tissue indicator for vertebra.

2.8.10 Oxidative Stress Indicators-showed the balance of MDA, SOD2,
glutathione reductase and more.

2.8.11 Suggestion of further laboratory tests

2.8.12 Personalized Diet and micronutrition-showed the suggestion of personal diet
and supplements.

2.8.13 Exercise and Sport Indicators

2.8.14 Lifestyle and Fitness Evaluation

The study about the comparative relationship of insulin resistance in Type 2
Diabetic patients between ES Teck screening test and serum analysis had no statistically
significant changes with the precision of ES Teck at 92.86 % and 93.55 % (p=0.712 and
p=0.309) (Wasichaya Khanla, 2011).

Another study used the Electro Interstitial Scan (EIS) to perform bioimpedance
measurements to follow up the efficacy of selective serotonin reuptake inhibitor (SSRI)
treatment in subjects (recruited 38 women, 21 men with aged 17-76 years) diagnosed to
have major depressive disorder. We Baseline Clinical Global Impression scores and EIS
(electrical conductivity and dispersion o parameter) measurements were done before
starting SSRI therapy. Treatment follow-up was undertaken using EIS bioimpedance
measurements and by treatment response based on the Hamilton Depression Scale and
Clinical Global Impression, every 15 days for 60 days. At day 45, we classified the
patients into two groups, ie, Group 1, including treatment responders, and Group 2,
including nonresponders. At day 60, patients were classified into two further groups, ie,
Group 3, comprising treatment responders, and Group 4, comprising nonresponders.
Electrical conductivity measurement of the forehead pathway using EIS has a high
specificity and sensitivity at day 45 (P < 0.0001), when comparing treatment responders
and nonresponders, but decreases at day 60 (P < 0.16). The EIS electrical dispersion a
parameter of the forehead pathway has a high specificity and sensitivity at day 45 (P <
0.0001) when comparing treatment responders and nonresponders, and increases at day
60 (P < 0.0001). The EIS system may be a noninvasive, easily administered, low-cost
technique that could be used as an adjunct to DSM-IV and Clinical Global Impression
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scores for monitoring of efficacy of treatment in patients with major depressive disorder
(Alexeev & Kuznecova, 2011).

In the study of new marker using bioimpedance technology in screening for
attention deficit/hyperactivity disorder (ADHD) in children as an adjunct to conventional
diagnostic methods (Caudal, 2011), 60 children without any ADHD symptoms (groupl)
and fifty-two children diagnosed with ADHD following psychiatric examination (group
2) underwent an examination with the EIS system. Statistical analysis was performed to
compare the conductivity measurements at the level of the forehead electrodes, using
independent t-tests and a receiver operating characteristic curve (ROC) to determine the
specificity and sensitivity of the test. The mean of the conductivity measurements of two
pathways between the forehead electrodes (From left forehead to right forehead and from
right forehead to left forehead) in the ADHD group was 33.11 micro Siemens (range 2—
113 micro Siemens). This was significantly higher (P < 0.001) than mean of the
conductivity measurements of two pathways between the forehead electrodes of the
control group (2.75 micro Siemens, range 1.75-27.4 micro Siemens). In terms of the
ROC results, comparing the 2 groups using the reference of the mean of conductivity
measurements of two pathways between the forehead electrodes, the test shown a
specificity of 98% and sensitivity of 80 % and P = 0.0001 (95% confidence interval )
with a cutoff value at 7.4 micro Siemens. In conclusion, the EIS marker related to the
conductivity measurements of the forehead pathway has a high specificity and high
sensitivity.



CHAPTER 3

Research Methodology
3.1 Population and Sample Size

Study population: Male or female, age of 35 years old up who attended health
check up at Vejthani Hospital and agreed to join the study during September to
November 2011.

3.2 Sample Size Calculation

Sample size is defined by the following formula
no= Zg
4d?

n= Number of sample size

d= Maximum error that may occurred or absolute precision; in this case,
use d = 10 % In another words, when the sample size was calculated,
the percentage error allowed was equal to 5 %.

Z = Critical standard score which was the value for which the cumulative
probability is 1-a; therefore was equal to 1.645

Set confident interval at 95 % o=10.05
Calculate the sample size value:
ng= (1.645)2 = 2.706035 =67.65~ 68
4(0.1)2 0.04

Therefore, the minimum value of the sample size in the study was 68. Set
allowance for 10% drop out rate. Hence, total sample size was 75 subjects.

3.3 Type of Research

A human exploratory research
Study Variables : Independent variable are tests by ES Teck and echocardiography
: Dependent variable is the percentage of ejection fraction
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3.4 Selection of Sample

3.4.1 Inclusion criteria
3.4.1.1 Subject in Vejthani Executive Healthcare Center for gold package
check-up program.
3.4.1.2 Male or female at the age of 35 ups.
3.4.1.3 Each subject voluntarily agreed to participate in the research and
signed informed consent form at the beginning of the study.

3.4.2 Exclusion criteria

3.4.2.1 Subject had a dermatological lesions such as wound or cuts in the
area to contact with the electrodes

3.4.2.2 Subject had excessive perspiration.

3.42.3 Subject had a cardiac pacemaker or any implanted electronic or
metallic devices.

3.42.4 Subject had a limb deformity.

3.4.2.5 Subject who was unable to stay seated for 3 minutes eg. Parkinson

disease.

3.4.2.6 Pregnant women and breast feeding mother.

3.4.2.7 Subject who was anxious or panic during the test.

3.4.2.8 Subject with strong alcohol, tranquilizer or stimulants one night prior
the test.

3.5 Research Tools

3.5.1 ES Teck (E.I.S-BF) (EIS-01-USB V.1.6)
3.5.2 Echocardiography (Phillip) Series IE 33
3.5.3 Informed Consent Form

3.5.4 Medical Questionnaire

3.5.5 Medical Check-up Note

3.5.6 % EF Record Form

3.5.7 Self-assessment, Satisfaction Questionnaire

3.6 Research Procedure

3.6.1 Recruited subject into the research used the inclusion criteria as guideline.

3.6.2 Investigator explained the purpose and procedure of the research to
subjects.

3.6.3 Investigator got subject to sign informed consent form and filled in the
personal data in research record form.
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3.6.4 Investigator checked vital signs and interviewed subjects on general
information, lifestyles, medical history include a physical examination.
3.6.5 Investigator recorded all data in the research recorded form.

Recruit Subject + Explain

¥

Sign Consent + Fill in data

¥

Measure V/S

¥

Hx Taking + PE

\

ES Teck & Echo (Same Day)

* m—

Collect Data

Figure 3.1 Investigator Recorded All Aata in the Research Recorded Form

3.7 Discontinuation Criteria

3.7.1 Subject had a personal reason to withdraw the study.
3.7.2 Subject was exhausted to finish the examination.

3.8 Result Evaluation

3.8.1 Measured percent of ejection fraction (%EF)
3.8.2 General assessment by researcher
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3.9 Data Collection

Investigator performed data collection upon each subject visit.

3.10 Statistics Used for Data Analysis

3.10.1 Statistical analysis was conducted to compare the %EF obtained from
both method (instruments). Pearson correlation tests are used, if data conformed with
normal distribution. If not, Spearman correlation tests are used.

3.10.2 Self-assessment satisfaction questionnaire analyzed by using descriptive statistics.

3.10.3 Descriptive statistics used to describe demographic data of volunteers.

3.11 Ethical Consideration in Research

At the beginning of the research, the researcher had proposed the thesis to the
ethical committee from Mae Fah Luang University REH-54059. After the proposal
approved, the researcher started to keep the data. The presentation of this research
enclosed the personal data of subject included name and last name. The subjects
withdrew the research once they were exhausted to finish the examination or when
they had a personal reason. This research was done under the declaration of Helsinki.



CHAPTER 4

Result

Result of the study was analyzed and reported in three section, subject
charactereristics data, study result and patient satisfaction.

Table 4.1 Subject Characteristics

N = 75(%)
Gender Male 24(32%)
Female 51(68%)
Age Age Gr. 1 35-44 9(12%)
Age Gr. 2 45-54 20(26.7%)
Age Gr. 3 55-64 23(30.7%)
Age Gr. 4 65-74 19(25.3%)
Age Gr. 5 > 75 4(5.3%)
Min 35 Max 86 Mean+SD 57.96 £11.735
Nationality Thai 6(8%)
Arab 69(92%)

Subjects were mostly female, 68%. Age range were in range of 35-86 years of
age, with a mean of 57.96 years of age. Nationality were mostly Arab, 92%.
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Figure 4.1 Subject Characteristic for Gender
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Figure 4.2 Subject Characteristic for Age Group
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Nationality

OThai
OArab

Figure 4.3 Subject Characteristic for Nationality

Data analysis showed the result of normal distribution by Kolmogorov-Smirnov
Test. The correlation for parametric variables was analyzed by using Pearson correlation
test. The correlation of all ejection fraction percentage (%EF) between ES Teck and
echocardiography were significantly correlated (p<0.05, r=0.312) at confident interval of
95% as shown in Table 4.2.

Table 4.2 Correlation of %EF between ES Teck and Echo in All Subjects

Correlation of %EF between ES Teck and Echocardiography in all subjects

%EF-ES vs %EF-Echo 0.312
p < 0.05 *
( p=0.003)
N 75

Note. * Significant

In normal value %EF (55-75%) result showed very significant correlated (p<0.01,
r=0.482) at confident interval of 99% as shown in Table 4.3.
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Table 4.3 Correlation of %EF between ES Teck and Echo in Normal %EF

Correlation of %EF between ES Teck and Echocardiography in normal %EF

%EF-ES vs %EF-Echo 0.482
p<0.01*
( p=0.001)
N 36

Note. * Very Significant

In abnormal value of %EF (< 55% or > 75%) result was correlated with statistical
significant but in confident interval of 90% (p<0.1, r=0.214) as shown in Table 4.4.

Table 4.4 Correlation of %EF between ES Teck and Echo in Abnormal %EF

Correlation of %EF between ES Teck and Echocardiography in abnormal %EF

%EF-ES vs %EF-Echo 0.214
p<0.1*
( p=0.095)
N 39

Note. * Significant

In subject self assessment data, this research were analyzed by using the
descriptive statistic. The data were divided into two parts. The first part evaluated on the
satisfaction of procedure between ES Teck and echocardiography on comfortability,
speed and simplicity. Subjects were strongly agreed on comfortability in ES Teck
(66.7%) more than echocardiography (57.3%) as shown in figure 4.4. In the fast speed
procedure, subjects were strongly agreed in ES Teck (70.7%) more than echocardiography
(48%) as shown in figure 4.5. Last procedure on simplicity, subjects were strongly agreed
in ES Teck (69.3%) more than echocardiography (54.7%) as shown in figure 4.6.



ES Teck-Comfortability

Echo-Comfortability

Figure 4.4 Satisfaction Data of Comfortability between ES Teck and Echo
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ES Teck-Speed

Echo-Speed

No Comment
16%

Figure 4.5 Satisfaction Data of Speed between ES Teck and Echo
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ES Teck-Simplicity

Echo-Simplicity

isagree
5%

No Comment
12%

Agree
28%

Figure 4.6 Satisfaction Data of Simplicity between ES Teck and Echo

The second part of self assessment data was the evaluation on overall satisfaction
of ES Teck. The result of overall satisfaction on ES Teck, mostly were very satisfied for
52%, satisfied for 41.3% and indifferences for 6.7% as shown in figure 4.7. Rating score
by subjects were range from 1 to 10, 66.7% score for 10, 17.3% score for 9, 13.3% score
for 8 and 2.7% score for 7 as shown in figure 4.8. In the willingness to recommend ES
Teck by subjects, percentage are 42.7% for definitely will recommend, 41.3% for will
recommend and 16% for no comment as shown in figure 4.9.
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Figure 4.7 Overall Satisfaction of ES Teck
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Figure 4.8 Rating Score of ES Teck
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Figure 4.9 Willingness to Recommend ES Teck
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The group statistical test for ES Teck procedure on comfortability, speed and
simplicity included overall satisfaction, rating score and willingness to recommend by
gender and nationality were compared by using independent T-test .

The response on comfortability from using ES Teck were relatively high in
both male and female (4.33, 4.71 from maximum score of 5) as shown in figure 4.10.
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4.70

4.60

4.50
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ES-Comfortability

4.71

m Male

Female

Male Female

Figure 4.10 Satisfaction of ES Teck in Comfortability between Male and Female
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The speed procedure in ES Teck by male and female are 4.38 and 4.78 from
maximum score of 5 as shown in figure 4.11.

4.80
4.80
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ES-Speed
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Figure 4.11 Satisfaction of ES Teck in Speed between Male and Female

The perception on simplicity of the procdure by male and female are 4.38 and
4.75 from maximum score of 5 as shown in figure 4.12.
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The overall satisfaction on ES Teck by male and female are 4.17 and 4.59 from
maximum score of 5 as shown in figure 4.13.
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Figure 4.13 Overall Satisfaction of ES Teck between Male and Female
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The rating score of ES Teck by male and female are 9.17 and 9.63 from
maximum score of 10 as shown in figure 4.14.
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Figure 4.14 Rating Score of ES Teck between Male and Female
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The willingness to recommend ES Teck by male and female are 3.88 and 4.45
from maximum score of 5 as shown in figure 4.15.
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Figure 4.15 Willingness to Recommend ES Teck between Male and Female

The result of ES Teck satisfaction by male and female are relatively high.
However, there was no statistically significant differences between male and female in
the rating score. But in overall satisfaction and willingness to recommend, there were a
statistical significant differences between male and female as shown in table 4.5.

Table 4.5 Satisfaction of ES Teck between Male and Female

Satisfaction of ES Teck between Male and Female

Overall Satisfaction p=0.013
Rating Score p=0.057
Willingness to Recommend p=0.002

Independent T-Test, Confident Interval 95%

As compared ES Teck in statistic group of nationality, the comfortability
procedure in ES Teck by Thai and Arabs are relatively high (4.50, 4.59 from
maximum score of 5) as shown in figure 4.16.
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Figure 4.16 Satisfaction of ES Teck in Comfortability between Thai and Arabs
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The speed procedure in ES Teck by Thai and Arabs are 4.50 and 4.67 from
maximum score of 5 as shown in figure 4.17.
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Figure 4.17 Satisfaction of ES Teck in Speed between Thai and Arabs
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The simplicity procedure in ES Teck by Thai and Arabs are 4.50 and 4.64
from maximum score of 5 as shown in figure 4.18.
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Figure 4.18 Satisfaction of ES Teck in Simplicity between Thai and Arabs

The overall satisfaction on ES Teck by Thai and Arabs are 4.33 and 4.46 from
maximum score of 5 as shown in figure 4.19.
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Figure 4.19 Overall Satisfaction of ES Teck between Thai and Arabs
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The rating score of ES Teck by Thai and Arabs are 9.17 and 9.51 from

maximum s

core of 10 as shown in figure 4.20.
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Figure 4.20 Rating Score of ES Teck between Thai and Arabs

The willingness to recommend ES Teck by Thai and Arabs are 4.00 and 4.29
from maximum score of 5 as shown in figure 4.21.
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Figure 4.21 Willingness to Recommend ES Teck between Thai and Arabs
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The result of satisfaction in ES Teck by Thai and Arabs are relatively high. But
there was no statistically significant differences between Thai and Arabs on overall
satisfaction, rating score and willingness to recommend as shown in table 4.6.

Table 4.6 Satisfaction of ES Teck between Thai and Arabs

Satisfaction of ES Teck between Thai and Arabs

Overall Satisfaction p=0.581
Rating Score p=0.443
Willingness to Recommend p=0.471

Independent T-Test, Confident Interval 95%




CHAPTER 5

Conclusion, Discussion and Comment

5.1 Discussion

ES Teck was a modern medical device used to screen multi-system in human.
The result could come out rapidly within 5 minutes to screen whole human system
include cardiovascular system. World Health Organization (2008b) reported that top 10
cause of death in the world was ischemic heart disease which was the life-threatening
condition to everyone. Hence, this research was designed to study the correlation between
new medical technology instrument (ES Teck) with standard instrument (Echocardiography)
in order to evaluate the ejection fraction percentage by determining how well your heart
can pumping out the blood and in diagnosing and tracking heart failure.

It was found from this study that ejection fraction percentage (%EF) between ES
Teck and echocardiography were significantly correlated. It was very significant
correlated in normal value of %EF. Furthermore, in abnormal value of %EF result was
also correlated with statistical significant but in different confident interval. This research
determined that ES Teck had an equal accuracy and precision when compared to
echocardiography. It also considered that once ES Teck show the normal %EF, the result
seem to be normal in echocardiography. On the other hand, once ES Teck show abnormal
%EF, the physician must practically re-confirm with the standard medical device by
echocardiography.

From the satisfaction assessment, subjects strongly agreed in the procedure of
comfortability, speed and simplicity in ES Teck more than echocardiography. Majority
were very satisfied to ES Teck. 66.7% of subjects were given a full score of 10 to ES
Teck. Subjects about 84% were highly recommended ES Teck to others. Satisfaction of
ES Teck are relatively high in female than male. However, there was no statistically
significant differences between male and female in the rating score. In overall satisfaction
and willingness to recommend, there were a statistically significant differences between
male and female which defined that male was less talkative than female in order to
recommend ES Teck to others. Also, male was rarely expressed his satisfaction. In
nationality, Arabs showed a high satisfaction in ES Teck more than Thai but there was no
statistically significant differences between Thai and Arabs on overall satisfaction, rating
score and willingness to recommend. Arabs favored ES Teck more which could be from
the reason that this new technology device was first seen with them. ES Teck were rarely
seen in United Arab Emirates.

Recently, many researcher reviewed the comparison of ES Teck with various
objectives. There was one studied done by Wasichaya Khanla (2011) to compare ES
Teck with HOMA (serum) in insulin resistance subjects. The results showed an accuracy
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of ES Teck as compared with HOMA (serum) (DM type Il patient = 92.86%, p=0.712
with controlled group = 93.55%, p=0.309).

Another research done by Sumit Techasouksant (2011) was to compare blood test
for thyroid hormone with ES Teck in normal subject. The result showed the significant
correlations between ES Teck with serum thyroid stimulating hormone (TSH) (p=0.007).
ES Teck had the highly sensitivity of 100% with 88% specificity. Last research of ES
Teck compared with serum DHEAs in healthy volunteers done by Patchamol Masakul
(2011) also showed the result of correlated with statistical significant (p<0.001).

Thus, the comparison of ES Teck with various objectives showed significantly
correlation. Therefore, ES Teck was another choice of medical instrument to screen
the heart condition.

5.2 Conclusion

ES Teck was a medical device that could give an accurate %EF as compared with
echocardiography. It had a very strong reliable in the normal range of %EF. Therefore,
ES Teck was a beneficial device to determine the heart failure by the screening of %EF.
This device was favored in all gender for Thai and Arabs on comfortability, speed and
simplicity to each step of examination. ES Teck concluded to be the pre-screening device
to evaluate the heart condition before the patients face the symptoms of heart diseases
accordingly. Also, ES Teck can be used as a guideline to assist the physician in selecting
the proper management for the patient.

5.3 Recommendation of Future Study

This research has less subject for Thai as compare with Arabs. In the future
study, it would be more beneficial to recruit more Thai patient in expectation of seek
out the hidden abnormality prior the patient complain about their heart symptoms.

%EF could be compare to the separate group of degenerative disease like
hypertension, diabetes and hyperlipidemia to look for correlation of %EF in ES Teck
and echocardiography.
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Medical Questionnaire
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APPENDIX D

Medical Check-up Note

Page 1

Patient......................
HN: CEN

VisitDate:.. ...................

Check-up Medical Note

Level ... Program __

BW (kg) | Htlem) BMI T¢C)

P (BPM) R (fmin)

BP (mmHY) | seatus on arrival: [Jwalk

Purpose: [|Walkin [] FlU

New Allergy:  [] Notknown [] Yes ..o e

Pain: [INo [ ves, Score....... Localion. ..o

(if score > 4, see Cuipatient Nursing Record)
Pain Assessment Tool: D FRS I:| NRS

Fall Risk [ Low risk
(Standard prevenfion)

General appearance: [ Cood

O other..... .o,

[ High risk
(High risk fall prevention)

ASSESSOM.. ... i

woew.. Date

[] wheelchair [ stretcher
[ Other (specify).......ccoeveoe..

[ Fairto good

D POOr(SPECITY) ... iveee e ceeeeee e e e eeen

Interpreter:  [] No [ Yes,Name. ... ...

et e, Time

Chief complaint (CC)

Social Histery

Oceupation. ...,

Present lliness (Pl)

Stressors_____

Alcohol [CINo [ Yes

Specify,

Smoking [ No [] Yes

SPECfy... oo

Current Medications

Exercise  [INo [ Yes

SPEC L e

Drug abuse D No D Yes

Past history

SPeciy... ..

Family History D None
LIOM. s

Ob & Gyn history [ Net pregnant

[ Pregnant.............

weeks

7] Uncertain (LMP _........... )

[ Dyslipidemia ....................

Hepatitis B D No

Immunization Tetanus O ne
(5 Years)

Influenza O ne

Lo S PSSR PO P

[ cancer

[[] Cther (specity) ...............
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o1

Patient.
P 2 HN: EN. .o Visit Date:......................
age ,
Gender:............cc....... Date of Birth:............ Age:......Y .....M...D
LOCatION: . ..
0T (OO
= T O
Check-up Medical Note
L= U SRS
Visual Acuity [ | M/A Color blindness [ | WA

[1 without Glasses ~ Right Eye 20 /. ..ooiiiieiiie e s [ Narmal

[[] with Glasses [7] Abnormal

[] with Contact Lens Left Eye 20 /... ...

Systemic Examination

Skin ] Normal [1 Abnomal [ WA
Head/Face [ ] Nommal [ abnomal [ wa

Eye/ENT [ Normal O abnomal [ NA

Neck ] Mormal [ Abnomal [ Nia
Chest ] Normal [ Abnommal
Heart [ normal [ Abnomal
Breast [ normal [ abnomal ] WA

Abdomen  [] Normal O Abnomal O Na
Extremities [ | Normal [ Abnomal ] WA

Neurology [ Normal D ABNOIMEL [ WA | ot e e e s

Pertinent Physical Findings

Assessment or
diagnoesis

Plan of treatment

PFE:

Education Needs [ Iyes [lInNo Educationto L] Patient L] Other (specify)

Barriers ONo [ Yes., Readiness and Willingness O ves O No...

Education [ Di flin O Med 1 [ Nutriion (] Other,

Instruction document given to patient O No O Yes

Education Perception [ ves [ L L G VPP

Discharge Status

[ Home [ Admit..... oo Ll Refer....ooooo oo DdConsult e

Follow up D Mo |:| Yes When,
] Urgent signs and symptoms to contact hospital

Preparation for next visit [ | Noneed [| NPO [0 OB oo et e e et e e

Physician’s Signature o . s .. Code ... Date

(Frinted NAMe) . .. ..o e s e s s e T8




APPENDIX E

%EF Record Form
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Table to Record % of Ejection Fraction

zZ
©

Date

Patient's name

HN

% EF

Echo

ES
Teck

Additonal Details

0N IWIN|F-




APPENDIX F

Satisfaction Questionnaire
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