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Abstract

Tissue Doppler Echocardiography (TDI) is a recent advancement in medical ultrasound imaging, offering
a non-invasive and precise method for assessing cardiac tissue velocities with high spatial and temporal
resolution. In this study, a Mindray DC-60Exp diagnostic ultrasound system was employed to evaluate
a 64-year-old male patient with ischemic heart disease using a tissue Doppler echocardiography protocol.
The primary objective of the examination was to measure tissue velocities associated with both axial and
lateral mitral annulus motion and to analyze differences between healthy and diseased tissue velocities.
TDI operates on the principle of the Doppler effect, wherein cardiac tissue velocity is determined by
analyzing frequency shifts in reflected ultrasound waves. These frequency changes are then used to
calculate tissue velocity via the Doppler equation, enabling the identification of pathologically altered
myocardial regions. Key parameters derived from this equation include the maximum systolic
velocity(S"), representing peak tissue motion during systole; the early diastolic velocity (e'), reflecting
myocardial relaxation velocity during early diastole; and the late diastolic velocity (a'), corresponding to
tissue relaxation during late diastole. The results demonstrated a significant reduction in (S') and (e')
values in ischemic regions compared to healthy myocardial tissue, indicating impaired cardiac tissue
motion secondary to ischemia. These findings underscore the efficacy of TDI in detecting early
functional myocardial changes, thereby enhancing diagnostic accuracy and guiding therapeutic strategies
for ischemic heart disease. Furthermore, this application highlights the critical role of physics-based
innovations in medical imaging, which improve the quality of diagnostic data and facilitate timely
clinical decision-making.
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Introduction

Physics is the cornerstone of many modern medical
technologies, playing a pivotal role in their development.
Echocardiography techniques rely on ultrasound, which
consists of mechanical waves with frequencies above the
human hearing range (>20 kHz). Medical applications
typically use frequencies ranging from 1 MHz to 100 MHz
(Cho, 2017; Solomon, Wu, & Gillam, 2017). These waves
penetrate soft tissues, enabling the acquisition of accurate
images of target organs. Ultrasound imaging operates on the
principle of acoustic impedance, where wave propagation
speed depends on tissue density. When density differences
exist between tissues, sound waves reflect at boundaries,
generating images that delineate anatomical structures and
facilitate cardiac functional assessment (Oates, 2023;
Taylor & Holland, 1990). However, imaging through bony
or gas-filled tissues remains challenging due to wave
scattering and reduced image quality (Abdulla & Clarke,
2020). He deals with the problem in the form of one
question only, and the hypothesis (s) on which it is based
(the possible outcome of the solution), in addition to
previous research and studies that dealt with the topic of
direct relevance, and it is written in a scientific, serial and
brief way through which the researchers shows similarities
and differences in terms of the goal, the sample, the study
variables, the method and tools used, and the conclusions
reached. Piezoelectric crystals generate ultrasound waves,
and image quality depends on the relationship between
wave frequency and imaging depth. Reflection depth is
calculated using the equation:

uv.t
d=— €Y)
where v is the ultrasound velocity in tissue (1540 m/s), t is
the round-trip travel time, and d is the tissue depth. Multiple
pulse waves are transmitted, and returning echoes are
converted to digital signals for dynamic imaging (Dons et
al., 2015). The Doppler effect measures frequency shifts
between transmitted and reflected waves, enabling blood
velocity or tissue motion calculation via:

v =Af X ()

c
2f, cos 8
where f;is the transmitted frequency (typically 4 MHz),
Af is the frequency shift, c is the sound speed in tissue

(1540 m/s), and cos 8 is the angle between the ultrasound
beam and motion direction.

Tissue Doppler Imaging (TDI), an advanced

ultrasound technique, measures myocardial motion
velocities rather than blood flow. This provides precise
cardiac functional assessment, enhancing clinical

understanding of cardiac performance (Soilemezi et al.,

2020; Mittal, 2017). At 8 = 0°, maximum frequency shift
is calculated as:
ap =Y ®)

Motion toward the probe increases reflected frequency,
while motion away decreases it. Results are visualized as
color-coded images (red: toward probe, blue: away) or
velocity-time curves. TDI quantifies myocardial velocities
(624 cm/s), which are 8—10 times lower than blood flow
velocities and 40 dB higher in signal amplitude (Bushberg
& Boone, 2011; Terslev et al., 2017). To capture low-
velocity tissue signals, high-pass filters are disabled, and
pulse repetition frequency (PRF) is reduced to 8—16 kHz to
minimize artifacts (Jarman, 2017). Signal processing
employs Fourier transform:

X(f) = foox(t)e‘jz"f dt 4)

where X (f)represents the frequency signal in k-space, and
x(t)is the spatial signal. This separates tissue motion
frequencies, enabling precise velocity extraction and
suppression of noise (Hidayat, Suhendi, Wibawa, &
Tumbelaka, 2018).

TDI achieves high temporal resolution (up to 90
frames/sec), improvable via parallel processing, enhancing
diagnostic accuracy. It is particularly valuable for
diagnosing ischemic heart disease by detecting regional
myocardial velocity differences. For example, reduced
septal and lateral mitral annulus velocities indicate diastolic
dysfunction (Bjaerum & Kristoffersen, 2002; Mousa,
2015). TDI’s physics-based analysis enables early,
objective detection of left ventricular impairment,
surpassing traditional subjective methods. This underscores
the critical role of medical physics in advancing diagnostic
technologies and improving healthcare outcomes.

2. Materials and Method

2.1 Materials:

The diagnostic ultrasound device {Mindray DC-60Exp}
was used as the main tool in this research as shown in Fig.

Fig. 1. Diagnostic Ultrasound Device {Mindray DC-60
Exp}
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Table 1:

The Components of the {Mindray DC-60 Exp} Device.

Component Function

Monitor 21.5-inch Full HD LED display
with a 178-degree viewing angle
for displaying the images and
parameters during scanning.

Speakers Sound output.

Touch screen panel

13.3-inch ultra-thin touchscreen
for Operator-system interface or
control

Ultrasound gel holder

Used for placing the ultrasound
gel.

Probe holder

Used for placing the general
probe (not including pencil probe
or intra-cavity probe).

Pencil probe holder

Used for placing the pencil probe.

Probe cable hook

Used for fixing the probe cable.

Control panel adjusting lever

Used for lifting or swiveling the
control panel.

Keyboard

Used for typing characters or
entering some functions

Main control panel

Operator-system  interface  or
control

USB_MIC port

USB/MIC port.

Hanger

/

Intracavitary probe holder

Used for fixing the intracavitary
probe.

Ultrasound gel holder/gel
warmer

Used for placing the ultrasound
gel or installing the gel warmer.

Physio panel Used for connecting the ECG
leads and external ECG device

Compartment Used for securing or moving the
system.

Probe port Sockets connects transducers and
the main unit.

Caster Used for securing or moving the

system.

Monitor supporting arm

Supports the monitor, for
adjusting the height and position
of the monitor.

Control panel supporting arm

Supports the control panel, for
adjusting the height of the panel.

Rear handle

Used for pushing and moving the
system.

Cooling vent

/

1/0 Panel

Interface panel used for inputting
and outputting signals.

Caster brake

Used for locking/unlocking the
caster

Power supply panel

Electrical port panel.

DVD-RW

DVD-RW drive

2

Fig. 2. Power Converter {Phased Array-Mindray P4-2}.

The components of the Device {Mindray DC-60 Exp} are
shown in table 1 as follows:

The device is equipped with a dedicated examination
table to enhance patient comfort and facilitate procedures.
Ultrasound gel was applied to improve wave transmission
and reduce interference.

2.2 Methods:

The patient was positioned in the left lateral decubitus
position on an examination table to optimize image
acquisition during the cardiac evaluation. Imaging was
performed using a Mindray DC-60 Exp. ultrasound system
equipped with Tissue Doppler Imaging (TDI) technology.
Standard echocardiography and color TDI were conducted
with a phased array transducer (2-5 MHz frequency range)
to accommodate varying imaging requirements. Ultrasound
gel was applied to ensure adequate acoustic coupling. All
recordings were acquired during normal respiration to
minimize motion artifacts. Standard echocardiographic
measurements included left ventricular dimensions and
ejection fraction (EF), were calculated via the modified
Simpson’s biplane method. Mitral inflow velocities were
assessed using pulsed-wave Doppler, with the sample
volume positioned at the tips of the mitral valve leaflets.
Early (E) and late (A) diastolic filling velocities were
recorded, and the E/A ratio and E deceleration time (EDT)
were derived.

For TDI, pulsed-wave Doppler was utilized to
measure myocardial longitudinal velocities. The sample
volume (<5 mm) was placed at the lateral and septal mitral
annulus, adhering to  American  Society  of
Echocardiography (ASE) guidelines. The septal annulus
measurement was standardized 10 mm below the leaflet
base. The ultrasound beam was aligned parallel to mitral
annulus motion, and system settings were optimized to
reduce noise: frame rate >121 Hz, pulse repetition
frequency 1.9 kHz, and gain adjusted to 50. Filters and
dynamic range (145 dB) were configured to maintain signal
clarity.
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Peak systolic (S), early diastolic (¢"), late diastolic
(a"), and myocardial velocities were recorded, along with the
e'/a' ratio. The E/e' ratio, reflecting the relationship between
mitral inflow and annular diastolic velocities, was

calculated. All measurements were obtained during normal
expiration, and TDI tracings were recorded at a sweep speed
of 100 mmy/s.

2.3 Properties of tissue Doppler imaging system:

Table 2 shows the properties of tissue Doppler imaging
system and the values used in studying the pathological
condition of the patient's heart.

Table 2

Properties of Tissue Doppler Imaging System (TDI).

Body Part Examined Heart
Transducer Frequency 4 MHz
Wall Filter (WF) 28 Hz
Gain 50
SVD 96
SV 25
Frame Rate (FR) 121 Hz
Pulse Frequency (PRF) 1.9 kHz
Angle 0’
Dynamic Range 145 dB

3. Results and Calculations

Tissue Doppler imaging (TDI) procedures were performed
using a standardized cardiac ultrasound protocol for a 46-
year-old male patient presenting with abnormal cardiac
symptoms. Tissue Doppler images were acquired and
analyzed (See Fig. 3 and 4).

This measurement is primarily used to assess
systolic and diastolic cardiac function. The upper panel
(color-coded Doppler) depicts tissue movement direction:
blue indicates motion away from the probe, and red
indicates motion toward the probe, corresponding to
myocardial motion during systole and diastole. The lower
panel (spectral waveform) displays tissue velocity over
time. The positive systolic wave (S") reflects myocardial
velocity during left ventricular contraction. The two
negative diastolic waves represent early diastolic velocity
(e', corresponding to ventricular relaxation) and late
diastolic velocity (a', associated with left atrial contraction.
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Fig. 3. A TDI Waveform Recorded at the Lateral Mitral
Annulus of the Left Ventricular Wall in a Patient with
Ischemic Heart Disease

The color coding indicates tissue movement direction: red
corresponds to motion toward the transducer, and blue
represents motion away from the transducer. The spectral
Doppler profile exhibits a single positive systolic wave
($")above the baseline and two negative diastolic
waveforms below the baseline: early diastolic (e') and late
diastolic (a').

mindray
DC-60 Exp

Fig. 4 TDI Measurements of Myocardial Motion at the
Basal (Septal) Mitral annulus of the Left Ventricle

Calculations:

The velocity values (See table 4) were obtained using
Equation (2) with input parameters from Table 3. The
frequency difference was calculated using Equation (3), and
the received frequency (f;.) was determined according to the
equation:

fr =Af +fo (4)

where (f,) represents the transmitted ultrasound Frey, and
(Af) denotes the frequency shift.
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Table 3
IMCAL CENTEN ALBAF) ADDULSA LN N2
014214 P00 AN 1IN0
Velocity & Frequency S E———
§ Cajmedal) A7 en ‘Elp
W Eaflafvwedld) 002
. Transmitted Received Y E/Esoedai) 1111
Item Velocity T, TGy Frequency 2hrwtan_32cen
. Mapreas) 072
(cm/s) (Hz) (Hz) Shift (Hz) 2 Sermen) 44w
Axial
Velocity 4.4 4000000 4000228.57 228.57
"
Axial 473 4000000 | 400024571 |  245.71
Velocity (e') : : )
Axial
Velocity 6.52 4000000 4000338.70 338.70
@")
Lateral Fig. 5. Velocity Values Derived from Tissue Doppler
Velocity 5.5 4000000 4000285.71 285.71 Measurements of Myocardial Motion in the Left Ventricle,
Al
) Specifically at The Basal (Septal) Mitral Annulus.
Lateral
Velocity 9 4000000 4000467.53 467.53
(e")
Lateral
Velocity 6.5 4000000 4000337.66 337.66
@")
Table 4
Normal Reference Range of TDI Values in Healthy Adults (Mean + SD) and TDI Values of the Patients.
S'(cm/s) e' (cm/s) a' (cm/s) E/e' e'/a'
Item
Normal Abnormal Normal Abnormal Normal Abnormal Normal Abnormal Normal Abnormal
Septal 8.1+ 1.5 4.4 86+1.9 4.73 95+24 6.52 87+22 13.41 1407 0.73
velocity
Lateral
. 102+24 55 12243 9 11.3+29 6.5 63+19 11 1.5+0.6 1.1
velocity
Average
4+
Septal 1,417 495 104 6.865 104427 6.51 75+1.9 12.205 13407 0915
&lateral 22
Velocity

4. Discussions

Tissue diastolic velocity values are critical tools for
evaluating cardiac function, as they reflect the systolic and
diastolic movement speeds of the myocardial tissue. By
comparing the patient’s results (Table 4, Figures 3 and 4)
with normal reference values, the following observations
were made:

1. Tissue diastolic velocity (S"):

A significant reduction in systolic velocity was observed in
the patient compared to normal values. This decrease
reflects impaired myocardial contractility, consistent with
compromised blood pumping efficiency due to ischemic
heart disease. Coronary artery obstruction in such cases

limits oxygen and nutrient supply to cardiac tissue, leading
to diminished systolic performance.

2. Tissue diastolic velocity (e'):

Early diastolic velocity, which measures left ventricular
compliance during relaxation post-systole, was markedly
reduced in the patient. In ischemic heart disease, reduced
perfusion diminishes the myocardium’s ability to relax
rapidly and elastically, resulting in slower left ventricular
filling.

3. Late diastolic tissue velocity (a'):

The late diastolic velocity, indicative of left ventricular
filling following atrial contraction, was significantly lower
in the patient. This suggests impaired late diastolic function,
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likely due to chronic ischemia weakening myocardial

relaxation capacity.

4. E/e' ratio:

An elevated E£' ratio indicates abnormal left ventricular
relaxation. A higher ratio signifies increased resistance to
diastolic blood flow, reflecting poor compliance and
diastolic dysfunction.

5. e'/a' ratio:

A reduced e'/a' ratio highlights diminished early diastolic
filling relative to late diastolic filling. This decline
correlates with reduced myocardial elasticity and
compromised ventricular relaxation

5. Conclusion

Comparison of the patient’s values with normal
ranges reveals significant cardiac dysfunction attributable to
ischemic heart disease. Reduced tissue velocities, decreased
e'/a' ratios, and elevated E/&' ratios collectively demonstrate
impaired myocardial contraction and relaxation.These
findings align with the pathophysiology of ischemic heart
disease, where atherosclerosis and hypertension disrupt
coronary blood flow, reducing tissue oxygenation and
myocardial compliance.

This study employed physical principles to analyze
tissue Doppler ultrasound (TDI) images. By extracting and
processing frequency shifts via the Doppler effect,
myocardial motion was quantified. Fourier transform
techniques enabled precise analysis of tissue movement
frequencies, generating velocity profiles for comparison
with normative data.

Tissue Doppler Imaging (TDI) exemplifies the
integration of physics in diagnostic medicine. Its ability to
track low-velocity myocardial movements—distinct from
high-velocity blood flow—provides critical insights into
pathological changes. The methodology underscores the
utility of ultrasound in diagnosing diastolic dysfunction,
emphasizing its role in advancing cardiovascular
diagnostics.
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