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Principles of Echocardiographic Image 
Acquisition and Doppler Analysis

BASIC PRINCIPLES
 n  Knowledge of  basic ultrasound principles is needed 

for interpretation of  images and Doppler data.
 n  Appropriate adjustment of  instrument parameters 

is needed to obtain diagnostic information.

v KEY POINTS

 o  The appropriate ultrasound modality (two-dimen-
sional [2D] or three-dimensional [3D] imaging, 
pulsed Doppler, color Doppler, etc.) is chosen for 
each type of  needed clinical information.

 o  Current instrumentation allows modification of  
many parameters during data acquisition, such 
as depth, gain, harmonic imaging, wall filters, 
and so on.

 o  Artifacts must be distinguished from anatomic 
findings on ultrasound images.

 o  Accurate Doppler measurements depend on 
details of  both blood flow interrogation and 
instrument acquisition parameters. 

ULTRASOUND WAVES
 n  Ultrasound waves (Table 1.1) are mechanical 

vibrations with basic descriptors including:
 ○  Frequency (cycles per second = Hz, 1000 cycles/ 

second = MHz)
 ○  Propagation velocity (about 1540 m/s in blood)
 ○  Wavelength (equal to the propagation velocity 

divided by frequency)
 ○  Amplitude (decibels [dBs])
 n  Ultrasound waves interact with tissues (Table 1.2) 

in four different ways:
 ○  Reflection (used to create ultrasound images)
 ○  Scattering (the basis of  Doppler ultrasound)
 ○  Refraction (used to focus the ultrasound beam)
 ○  Attenuation (loss of  signal strength in the tissue)

v KEY POINTS

 o  Tissue penetration is greatest with a lower fre-
quency transducer (e.g., 2 to 3 MHz)

 o  Image resolution is greatest (about 1 mm) with 
a higher frequency transducer (e.g., 5 to 7.5 
MHz) (Fig. 1.1)

 o  Amplitude (“loudness”) is described using 
the logarithmic dB scale; a 6 dB change 
represents a doubling or halving of  signal 
amplitude.

 o  Acoustic impedance depends on tissue density 
and the propagation velocity of  ultrasound in 
that tissue.

 o  Ultrasound reflection occurs at smooth tissue 
boundaries with different acoustic imped-
ances (such as between blood and myo-
cardium). Reflection is greatest when the 
ultrasound beam is perpendicular to the tissue 
interface.

 o  Ultrasound scattering that occurs with small 
structures (such as red blood cells) is used to 
generate Doppler signals. Doppler veloc-
ity recordings are most accurate when the 
ultrasound beam is parallel to the blood flow 
direction.

 o  Refraction of  ultrasound can result in imag-
ing artifacts due to deflection of  the ultrasound 
beam from a straight path. 

TRANSDUCERS
 n  Ultrasound transducers use a piezoelectric crystal 

to alternately transmit and receive ultrasound sig-
nals (Fig. 1.2).

 n  Transducers are configured for specific imag-
ing approaches—transthoracic, transesophageal, 
intracardiac, and intravascular (Table 1.3).
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TABLE 1.1   Ultrasound Waves

Definition Examples Clinical Implications

Frequency (f) The number of cycles per 
second in an ultrasound 
wave: f = cycles/s = Hz

Transducer frequencies are 
measured in MHz (1,000,000 
cycles/s).

Doppler signal frequencies 
are measured in KHz (1000 
cycles/s).

Different transducer frequencies are 
used for specific clinical applica-
tions, because the transmitted 
frequency affects ultrasound tis-
sue penetration, image resolution, 
and the Doppler signal.

Velocity of  
propagation (c)

The speed that ultrasound 
travels through tissue

The average velocity of  
ultrasound in soft tissue  
about 1540 m/s.

The velocity of propagation is simi-
lar in different soft tissues (blood, 
myocardium, liver, fat, etc.) but 
is much lower in lung and much 
higher in bone.

Wavelength (λ) The distance between  
ultrasound waves:
λ = c/f = 1.54/f (MHz)

Wavelength is shorter with a 
higher frequency transducer 
and longer with a lower fre-
quency transducer.

Image resolution is greatest (about 
1 mm) with a shorter wavelength 
(higher frequency).

Depth of tissue penetration is 
greatest with a longer wavelength 
(lower frequency).

Amplitude (dB) Height of the ultrasound 
wave or “loudness”  
measured in decibels (dB)

A log scale is used for dB.
On the dB scale, 80 dB  

represents a 10,000-fold and 
40 dB indicates a 100-fold 
increase in amplitude.

A very wide range of amplitudes 
can be displayed using a gray 
scale display for both imaging and 
spectral Doppler.

TABLE 1.2   Ultrasound Tissue Interaction

Definition Examples Clinical Implications

Acoustic  
impedance (Z)

A characteristic of each tissue 
defined by tissue density (ρ) 
and propagation of velocity 
(c) as: z = ρ × c

Lung has a low density and slow 
propagation velocity, whereas 
bone has a high density and fast 
propagation velocity. Soft tissues 
have smaller differences in tissue 
density and acoustic impedance.

Ultrasound is reflected from 
boundaries between tissues 
with differences in acoustic 
impedance (e.g., blood versus 
myocardium).

Reflection Return of ultrasound signal 
to the transducer from a 
smooth tissue boundary

Reflection is used to generate 2D 
cardiac images.

Reflection is greatest when the ul-
trasound beam is perpendicular  
to the tissue interface.

Scattering Radiation of ultrasound in 
multiple directions from a 
small structure, such as 
blood cells

The change in frequency of signals 
scattered from moving blood cells 
is the basis of Doppler ultrasound.

The amplitude of scattered  
signals is 100 to 1000 times 
less than reflected signals.

Refraction Deflection of ultrasound  
waves from a straight path 
due to differences in  
acoustic impedance

Refraction is used in transducer 
design to focus the ultrasound  
beam.

Refraction in tissues results in 
double image artifacts.

Attenuation Loss in signal strength due 
to absorption of ultrasound 
energy by tissues

Attenuation is frequency dependent 
with greater attenuation (less  
penetration) at higher frequencies.

A lower frequency transducer 
may be needed for apical 
views or in larger patients on 
transthoracic imaging.

Resolution The smallest resolvable  
distance between two 
specular reflectors on an 
ultrasound image

Resolution has three dimensions—
along the length of the beam 
(axial), lateral across the image 
(azimuthal), and in the elevational 
plane.

Axial resolution is most precise 
(as small as 1 mm), so imaging 
measurements are best made 
along the length of the  
ultrasound beam.
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 n  The basic characteristics of  a transducer are:
 ○  Transmission frequency (from 2.5 MHz for 

transthoracic to 20 MHz for intravascular 
ultrasound)

 ○  Bandwidth (range of  frequencies in the trans-
mitted ultrasound pulse)

 ○  Pulse repetition frequency (the number of  
transmission-receive cycles per second)

 ○  Focal depth (depends on beam shape and 
focusing)

 ○  Aperture (size of  the transducer face or 
“footprint”)

 ○  Power output

v KEY POINTS

 o  The time delay between transmission of  
an ultrasound burst and detection of  the 
reflected wave indicates the depth of  the tis-
sue reflector.

 o  The pulse repetition frequency is an important 
factor in image resolution and frame rate.

 o  A shorter transmitted pulse length results in 
improved depth (or axial) resolution.

 o  A wider bandwidth provides better resolution 
of  structures distant from the transducer.

 o  The shape of  the ultrasound beam depends 
on several complex factors. Each type of  
transducer focuses the beam at a depth 
appropriate for the clinical application. 
Some transducers allow adjustment of  focal 
depth.

 o  A smaller aperture is associated with a wider 
beam width; however, the smaller “footprint” 
may allow improved angulation of  the beam in 
the intercostal spaces. This is most evident clini-
cally with a dedicated non-imaging continuous-
wave (CW) Doppler transducer. 

LV

LA

A

3.5 MHz

RV

B

6 MHz

Fig 1.1 The effect of transducer frequency on penetration and resolution. In this transesophageal 4-chamber view recorded at a transmitted frequency 
of 3.5 MHz (A) and 6 MHz (B), the higher frequency transducer provides better resolution—for example, the mitral leaflets (arrow) look thin, but the depth of 
penetration of the signal is very poor, so the apical half of the LV is not seen. With the lower frequency transducer, improved tissue penetration provides a better 
image of the LV apex but image resolution is poorer, with the mitral leaflets looking thicker and less well defined.

Transducers

Refraction
Attenuation

Reflection

Scattering from 
moving blood cells

Specular
reflector

Fig 1.2 Diagram of the interaction between ultrasound and body tis-
sues. Doppler analysis is based on the scattering of ultrasound in all direc-
tions from moving blood cells with a resulting change in frequency of the 
ultrasound received at the transducer. 2D imaging is based on reflection 
of ultrasound from tissue interfaces (specular reflectors). Attenuation limits 
the depth of ultrasound penetration. Refraction, a change in direction of the 
ultrasound wave, results in imaging artifacts. (From Otto, CM: Textbook of 
clinical echocardiography, ed 6, Elsevier, 2018, Philadelphia.)
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ULTRASOUND IMAGING

Principles
 n  The basic ultrasound imaging modalities are:
 ○  M-mode—a graph of  depth versus time
 ○  2D—a sector scan in a tomographic image 

plane with real-time motion
 ○  3D—a selected cutaway real-time image in a 

3D display format or a 3D volume of  data (see 
Chapter 4)

 n  System controls for 2D imaging typically include:
 ○  Power output (transmitted ultrasound energy)
 ○  Gain (amplitude of  the received signal)

 ○  Time gain compensation (differential gain 
along the ultrasound beam)

 ○  Depth of  the image (affects pulse repetition fre-
quency and frame rate)

 ○  Gray scale/dynamic range (degree of  contrast 
in the images)

v KEY POINTS

 o  M-mode recordings allow identification of  
very rapid intracardiac motion, because the 
sampling rate is about 1800 times per second 
compared to a 2D frame rate of  30 frames per 
second (Fig. 1.3).

TABLE 1.3   Ultrasound Transducers

Definition Examples Clinical Implications

Type Transducer characteristics  
and configuration

Most cardiac transducers  
use phased array of  
piezoelectric crystals

Transthoracic (adult and pediatric)
Non-imaging CW Doppler
 3  D echocardiography
TEE
Intracardiac

Each transducer type is  
optimized for a specific clini-
cal application.

More than one transducer may 
be needed for a full examina-
tion.

Transmission  
frequency

The central frequency emitted  
by the transducer

Transducer frequencies vary from 
2.5 MHz for transthoracic  
echo to 20 MHz for  
intravascular imaging.

A higher frequency transducer 
provides improved resolution  
but less penetration.

Doppler signals are optimal at 
a lower transducer frequency 
than used for imaging.

Power output The amount of ultrasound  
energy emitted by the trans-
ducer

An increase in transmitted  
power increases the  
amplitude of the reflected ultra-
sound signals.

Excessive power output may 
result in bioeffects measured 
by the mechanical and  
thermal indexes.

Bandwidth The range of frequencies in the 
ultrasound pulse

Bandwidth is determined by  
transducer design.

A wider bandwidth allows 
improved axial resolution for 
structures distant from the 
transducer.

Pulse (or burst)  
length

The length of the transmitted 
ultrasound signal

A higher frequency signal can be 
transmitted in a shorted pulse 
length compared with a lower 
frequency signal.

A shorter pulse length  
improves axial resolution.

Pulse repetition 
frequency 
(PRF)

The number of transmission-
receive cycles per second

The PRF decreases as imaging (or 
Doppler) depth increases because 
of the time needed for the  
signal to travel from and to the 
transducer.

Pulse repetition frequency 
affects image resolution and 
frame rate (particularly with 
color Doppler)

Focal depth Beam shape and focusing are 
used to optimize ultrasound 
resolution at a specific  
distance from the transducer

Structures close to the  
transducer are best visualized 
with a short focal depth, distant 
structures with a long focal depth.

The length and site of a trans-
ducer’s focal zone is primarily 
determined by transducer 
design, but adjustment during 
the exam may be possible.

Aperture The surface of the transducer  
face where ultrasound is trans-
mitted and received

A small non-imaging CW Doppler 
transducer allows optimal posi-
tioning and angulation  
of the ultrasound beam.

A larger aperture allows a more 
focused beam.

A smaller aperture allows im-
proved transducer  
angulation on TTE imaging.



Principles of Echocardiographic Image Acquisition and Doppler Analysis CHAPTER 1 5

 o  Ultrasound imaging resolution is more precise 
along the length of  the ultrasound beam (axial 
resolution) compared with lateral (side to side) 
or elevational (“thickness” of  the image plane) 
resolution.

 o  Lateral resolution decreases with increasing dis-
tance from the transducer (Fig. 1.4).

 o  Harmonic imaging improves endocardial defi-
nition and reduces near-field and side-lobe arti-
facts (Fig. 1.5). 

Imaging Artifacts
 n  Common imaging artifacts result from:
 ○  A low signal-to-noise ratio
 ○  Acoustic shadowing
 ○  Reverberations
 ○  Beam width
 ○  Lateral resolution
 ○  Refraction
 ○  Range ambiguity
 ○  Processing 

v KEY POINTS

 o  A shadow occurs distal to a strong ultrasound 
reflector because the ultrasound wave does not 
penetrate past the reflector (Fig. 1.6).

 o  Signals originating from the edges of  the ultra-
sound beam or from side lobes can result in 
imaging or Doppler artifacts.

 o  Deviation of  the ultrasound beam from a 
straight pathway due to refraction in the tissue 
results in the structure appearing in the incor-
rect location across the sector scan (Fig. 1.7).

 o  Ultrasound reflected back and forth between 
two strong reflectors creates a reverberation 
artifact.

 o  Reflected ultrasound signals received at the 
transducer are assumed to originate from the 
preceding transmitted pulse. Signals from very 
deep structures or signals that have been re-
reflected will be displayed at one-half  or twice 
the actual depth of  origin. 

3D/2D

Distance Time

D
ep

th

M-mode A-mode

Ao
Ao

LA LA

Ao

Distance

Time

Fig 1.3 3D, 2D, M-mode, and A-mode recordings of aortic valve motion. This illustration shows the relationship between the 3D and 2D long-axis image of 
the aortic valve (left), which shows distance in both the vertical and horizontal directions, M-mode recording of aortic root (Ao), LA, and aortic valve motion, which shows 
depth versus time (middle) and A-mode recording (right), which shows depth only (with motion seen on the video screen). Spatial relationships are best shown with 
3D/2D, but temporal resolution is higher with M-mode and A-mode imaging. (From Otto, CM: Textbook of clinical echocardiography, ed 6, Elsevier, 2018, Philadelphia.)
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Fig 1.4 Lateral resolution with ultrasound decreases with the distance of the reflector from the transducer. (A) In this TEE image oriented with the 
origin of the ultrasound signal at the top of the image, thin structures close to the transducer, such as the atrial septum (upper arrow), appear as a dot because lateral 
resolution is optimal at this depth. Reflections from more distant structures, such as the ventricular septum (lower arrow), appear as a broad line due to poor lateral 
resolution. (B) When the image is oriented with the transducer at the bottom of the image, the effects of depth on lateral resolution are more visually apparent. The 
standard orientation for echocardiography with the transducer as the top of the image is based on considerations of ultrasound physics, not on cardiac anatomy.

Fig 1.5 Harmonic imaging compared with fundamental frequency imag-
ing. Harmonic imaging improves identification of the LV endocardial border, as 
seen in this apical 4-chamber view recorded with a 4-MHz transducer using (left) 
fundamental frequency imaging and (right) harmonic imaging.

MVR

RA

RV

LV

Fig 1.6 Acoustic shadowing and reverberations. This apical 4-cham-
ber view in a patient with a mechanical mitral valve replacement (MVR) 
illustrates the shadowing (dark area, small arrow) and reverberations (white 
band of echoes, large arrow) that obscure structures (in this case, the left 
atrium) distal to the valve.
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DOPPLER
 n  Doppler ultrasound is based on the principle that 

ultrasound backscattered (Fs) from moving red 
blood cells will appear higher or lower in frequency 
than the transmitted frequency (FT) depending on 
the speed and direction of  blood flow (v), the speed 
of  sound in blood (c), and the cosine (cos) of  the 
angle between the ultrasound beam and direction 
of  blood flow (θ). (Table 1.4).

 n  The Doppler equation is:

v= c(FS − FT)/[2FT (cos )]

 n  Accurate blood flow measurements depend on 
a parallel intercept angle θ (a cosine of  1.0). 
between the ultrasound beam and direction of  
blood flow.

 n  There are three basic Doppler modalities: pulsed 
Doppler, color flow imaging, and CW Doppler 
ultrasound.

v KEY POINTS

 o  The speed (c) of  ultrasound in blood is about 
1540 m/s.

 o  Blood flow velocity will be underestimated with 
a nonparallel intercept angle; the error is only 
6% with an angle of  20 degrees but increases to 
50% at a 60-degree angle.

 o  When the ultrasound beam is perpendicular to 
flow, there is no Doppler shift, and blood flow is 
not detected, even when present.

 o  The standard Doppler velocity display (or spectral 
recording) shows time on the horizontal axis and 
velocity on the vertical axis with signal amplitude 
displayed using a dB gray scale (Fig. 1.8).

 o  Standard Doppler instrument controls are:
 o  Power output
 o  Receiver gain (Fig. 1.9)
 o  High-pass (“wall”) filters (Fig. 1.10)
 o  Velocity range and baseline shift
 o  Post-processing options 

Pulsed Doppler
 n  Pulsed Doppler allows measurement of  blood flow 

velocity at a specific intracardiac site.
 n  The depth of  interrogation (or sample volume) 

is determined by the time interval between 
transmission and sampling of  the backscattered 
signal.

 n  Signal aliasing limits the maximum velocity mea-
surable with pulsed Doppler.

v KEY POINTS

 o  A pulse of  ultrasound is transmitted and then 
the backscattered signal is analyzed at a time 
interval corresponding to the transit time from 
the depth of  interest.

 o  The pulsed Doppler interrogation line and 
sample volume are displayed on the 2D image, 
with the transducer switched to Doppler only 
during data recording.

 o  Pulse repetition frequency is the number of  
transmission/receive cycles per second, which 
is determined by the depth of  the sample 
volume.

 o  The maximum frequency detectable with inter-
mittent sampling is one-half  the pulse repeti-
tion frequency (or Nyquist limit).

 o  The direction of  blood flow for frequencies in 
excess of  the Nyquist limit is ambiguous, a phe-
nomenon called signal aliasing (Fig. 1.11)

 o  The effective velocity range for pulsed Doppler 
can be doubled by moving the baseline to the 
edge of  the spectral display.

 o  The sample volume length can be adjusted to 
localize the signal (short length) or improve sig-
nal strength (long length).

 o  Pulsed Doppler is used to measure normal 
intracardiac transvalvular flow velocities.

 o  Variations of  the pulsed Doppler principle are 
used to generate color Doppler flow images and 
tissue Doppler recordings. 

RVOT

Ao

LA

Fig 1.7 Refraction artifact. In this parasternal short-axis image of the 
aortic valve (Ao), a refraction artifact results in the appearance of a “second” 
aortic valve (arrows), partly overlapping with the actual position of the aortic 
valve. RVOT, Right ventricular outflow tract.
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Color Doppler
 n  Color Doppler uses the pulsed Doppler principle 

to generate a 2D image or “map” of  blood flow 
velocity superimposed on the 2D real-time image 
(Table 1.5).

 n  Color Doppler signals, like all pulsed Doppler 
velocity data, are angle dependent and subject to 
signal aliasing.

 n  The frame rate for color Doppler imaging depends 
on:

 ○  Pulse repetition frequency (depth of  color 
sector)

 ○  Number of  scan lines (width of  color sector and 
scan line density)

 ○  Number of  pulses per scan line (affects accu-
racy of  mean velocity calculation)

TABLE 1.4   Doppler Physics

Definition Examples Clinical Implications

Doppler effect The change in frequency of  
ultrasound scattered from a 
moving target:  
v = c × ΔF/[2FT (cos θ)]

A higher velocity corresponds to a 
higher Doppler frequency shift, 
ranging from 1 to 20 kHz for  
intracardiac flow velocities.

Ultrasound systems display 
velocity, which is  
calculated using the  
Doppler equation, based 
on transducer frequency 
and the Doppler shift,  
assuming cos θ equals 1.

Intercept angle The angle (θ) between the direc-
tion of blood flow and  
the ultrasound beam

When the ultrasound beam is  
parallel to the direction of blood 
flow (0° or 180°), cos θ is 1 and 
can be ignored in the Doppler 
equation.

Velocity is underestimated 
when the intercept angle is 
not parallel. This can lead 
to errors in hemodynamic 
measurements.

CW Doppler Continuous ultrasound  
transmission with reception of 
Doppler signals from the entire 
length of the ultrasound beam

CW Doppler allows measurements 
of high velocity signals but does 
not localize the depth of  
origin of the signal.

CW Doppler is used to  
measure high velocities in 
valve stenosis and  
regurgitation.

Pulsed Doppler Pulsed ultrasound  
transmission with timing of 
reception determining depth  
of the backscattered signal

Pulsed Doppler samples  
velocities from a specific site but 
can only measure velocity over a 
limited range.

Pulsed Doppler is used to 
record low velocity signals 
at a specific site, such as 
LV outflow velocity or LV 
inflow velocity.

Pulse repetition  
frequency (PRF)

The number of pulses  
transmitted per second

PRF is limited by the time needed 
for ultrasound to reach and return 
from the depth of interest.

PRF determines the maximum  
velocity that can be unambigu-
ously measured.

The maximum velocity 
measurable with pulsed 
Doppler is about 1 m/s at 
6 cm depth.

Nyquist limit The maximum frequency  
shift (or velocity) measurable 
with pulsed Doppler equal to 
½ PRF

The Nyquist limit is displayed 
as the top and bottom of the 
velocity range with the baseline 
centered.

The greater the depth, the 
lower the maximum  
velocity measurable with 
pulsed Doppler.

Signal aliasing The phenomenon that the  
direction of flow for frequency 
shifts greater than the Nyquist 
limit cannot be determined

With aliasing of the LV outflow  
signal, the peak of the velocity 
curve is “cut off” and appears as 
flow in the opposite direction.

Aliasing can result in  
inaccurate velocity  
measurements if not  
recognized.

Sample volume The intracardiac location where 
the pulsed Doppler signal 
originated

Sample volume depth is de-
termined by the time interval 
between transmission and  
reception.

Sample volume length is  
determined by the duration of  
the receive cycle.

Sample volume depth and 
length are adjusted to  
record the flow of interest.

Spectral analysis Method used to display  
Doppler velocity data versus 
time, with gray scale  
indicating amplitude

Spectral analysis is used for  
both pulsed and CW Doppler.

The velocity scale, baseline 
position, and time scale 
of the spectral display are 
adjusted for each Doppler 
velocity signal.
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Pulsed Doppler

Length

40dB 2 •/+1/0/ 1
PW Depth= 96mm
PW Gate= 2.0mm
PW Gain= 7dB

1.5

m/s

PW:2MHz

Sample
volume

depth

Fig 1.8 Doppler spectral tracing. LV outflow velocity was recorded with 
pulsed Doppler ultrasound from the apex. The sample volume depth (time for 
transmission and reception of the signal) is shown on a small 2D image with 
the length (sampling duration) indicated by the pulsed wave (PW) gate size. 
The spectral tracing shows time (horizontal axis), velocity (vertical axis), and 
signal strength (gray scale). The baseline has been shifted upward to show 
the entire velocity curve directed away from the transducer. Some diastolic 
LV inflow is seen above the baseline, directed toward the transducer.
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Fig 1.9 Pulsed Doppler gain setting. The effect of Doppler gain settings 
are shown for a TEE recording of pulmonary vein inflow. Excess noise is 
eliminated; then the gain is decreased from 13 dB (A) to 7 dB (B).

High filter Low filter
2.0

m/s

CW:2MHz CW:2MHz

1.0

2.0

m/s

1.0

Fig 1.10 Wall filter settings. An aortic outflow signal is recorded with CW 
Doppler with the high pass (“wall”) filter set at a high and low level. With the 
higher filter, low velocity signals are eliminated as shown by the blank space 
adjacent to the baseline (arrow). This tracing enhances identification of the 
maximum velocity and recognition of the valve closing click. At the lower fil-
ter setting, the velocity signals extend to the baseline, making measurement 
of time intervals more accurate, but there also is more low velocity noise in 
the signal, related to motion of cardiac structures.

PW:2MHz

.60

.60

m/s Baseline

Sample
volume

40dB 2 •/+1/0/ 1
PW Depth= 89 mm
PW Gate= 2.5mm
PW Gain= 8dB

Nyquist limit

Fig 1.11 Signal aliasing. LV outflow velocity recorded from the apical 
approach with the sample volume on the LV side of the aortic valve. The 
spectral tracing is shown in the standard format with the baseline in the 
center of the scale and the Nyquist limit at the top and bottom of the scale. 
Signal aliasing is present with the top of the LV outflow signal seen in the 
reverse channel (arrows). This degree of aliasing is easily resolved by shift-
ing the baseline, as seen in Fig. 1.8. Aliasing with higher velocity flow is best 
resolved using CW Doppler ultrasound.

v KEY POINTS

 o  Color Doppler is recorded in real time simulta-
neous with 2D imaging.

 o  Flow toward the transducer typically is shown 
in red, with flow directed away from the trans-
ducer in blue (Fig. 1.12).

 o  When velocity exceeds the Nyquist limit, signal 
aliasing occurs so that faster flows toward the 
transducer alias from red to blue and vice versa 
for flow away from the transducer.

 o  The amount of  variation in the velocity signal 
from each site can be coded on the color scale 
as variance.
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 o  Variance reflects either signal aliasing 
(high velocity flow) or the presence of  
multiple flow velocities or directions (flow 
disturbance).

 o  Color Doppler is most useful for visualization of  
spatial flow patterns; for this purpose, examiner 

preference determines the most appropriate 
color scale.

 o  For color Doppler measurements, such as vena 
contracta width or proximal isovelocity surface 
area (PISA) measurements, a color scale with-
out variance is optimal.

TABLE 1.5   Color Doppler Flow Imaging

Definition Examples Clinical Implications

Sampling line Doppler data is  
displayed from multiple 
sampling lines across 
the 2D image

Instead of sampling backscat-
tered signals from one depth (as 
in pulsed Doppler), signals from 
multiple depths along the beam 
are analyzed.

A greater number of sampling lines 
results in denser Doppler data but 
a slower frame rate.

Burst length The number of ultra-
sound bursts along 
each sampling line

Mean velocity is estimated from 
the average of the backscattered 
signals from each burst.

A greater number of bursts results in 
more accurate mean velocity  
estimates but a slower frame rate.

Sector scan width The width of the  
displayed 2D and color 
image

A greater sector width requires 
more sampling lines or less dense 
velocity data.

A narrower sector scan allows a 
greater sampling line density and 
faster frame rate.

Sector scan depth The depth of the  
displayed color  
Doppler image

The maximum depth of the sector 
scan determines PRF (as with 
pulsed Doppler) and the Nyquist 
limit.

The minimum depth needed to dis-
play the flow of interest provides 
the optimal color display.

Color scale Color display of  
Doppler velocity and 
flow direction

Most systems use shades of red 
for flow toward the transducer 
and blue for flow away from the 
transducer.

The color scale can be adjusted by 
shifting the baseline and adjusted 
the maximum velocity displayed 
(within the Nyquist limit).

Variance The degree of  
variability in the mean 
velocity estimate at 
each depth along a 
sampling line

Variance typically is displayed as a 
green scale superimposed on the 
red–blue velocity scale. Variance 
can be turned on or off.

A variance display highlights flow  
disturbances and high velocity 
flow, but even normal flows will be 
displayed as showing variance if 
velocity exceeds the Nyquist limit.

PRF, Pulse repetition frequency.

Fig 1.12 Color Doppler flow mapping. In 
this transesophageal view of the interatrial 
septum, flow across the atrial septal defect 
(ASD) is directed away from the transducer 
from the LA to RA but aliases from blue to 
orange because the velocity exceeds the Ny-
quist limit of 59 cm/s.

LA

Nyqusit limit

RA

ASD
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 o  The maximum velocity measurable with color 
Doppler is determined by the Nyquist limit, but 
the baseline can be shifted or the velocity scale 
can be reduced. 

Continuous-Wave Doppler
 n  CW Doppler uses two ultrasound crystals to con-

tinuously transmit and receive ultrasound signals.
 n  CW Doppler allows accurate measurement of  

high flow velocities without signal aliasing.
 n  Signals from the entire length of  the ultrasound beam 

are included in the spectral CW Doppler recording.

v KEY POINTS

 o  CW Doppler is used to measure high velocity 
flows, for example, across stenotic and regurgi-
tant valves (Fig. 1.13).

 o  The CW Doppler signal is recorded as a spec-
tral tracing with the scale and baseline adjusted 
as needed to display the signal of  interest.

 o  CW Doppler can be recorded with a standard 
transducer with the CW interrogation line 
shown on the 2D image; however, a dedicated 
non-imaging CW transducer is optimal due to 
a higher signal-to-noise ratio and better angula-
tion with a smaller transducer.

 o  The lack of  range resolution means that the 
origin of  the CW signal must be inferred 
from:

 o  Characteristics of  the signal itself  (timing, 
shape, and associated flow signals)

 o  Associated 2D imaging and pulsed or color 
Doppler findings

 o  Underestimation of  blood flow velocity occurs 
when the CW Doppler beam is not parallel to 
the flow of  interest. 

Doppler Artifacts
 n  Artifacts with pulsed or CW Doppler spectral 

recordings include:
 ○  Underestimation of  velocity because of  a non-

parallel intercept angle
 ○  Signal aliasing (with pulsed Doppler)
 ○  Range ambiguity
 ○  Beam width artifacts with superimposition of  

multiple flow signals
 ○  Mirror image artifact (Fig. 1.14)
 ○  Transit time effect
 ○  Electronic interference

AR

1 second
CW:2MHz

AS

m/s

8.0

v
e
l
o
c
i
t
y

4.0

Fig 1.13 CW Doppler recording. The spectral recording of antegrade 
(aortic stenosis, AS) and retrograde flow (aortic regurgitation, AR) across the 
aortic valve shows time (horizontal axis in seconds), velocity (vertical axis in 
m/s), and signal strength (gray scale). High velocity flow can be measured 
without aliasing using CW Doppler, as shown in the aortic regurgitant veloc-
ity over 4 m/s in this example. 

Fig 1.14 Doppler artifacts. Appropri-
ate use of instrumentation allows mini-
mization of many ultrasound artifacts. 
This recording of an aortic regurgitation 
velocity signal shows marked channel 
cross-talk (signal below the baseline 
that does not correlate with an actual 
intracardiac flow) due to high signal 
intensity with coarse fluttering of the 
incompetent valve leaflet. This recording 
would be improved by a higher wall filter 
and lower gain setting.
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 n  Artifacts with color Doppler flow imaging (Table 
1.6) include:

 ○  Shadowing resulting in inability to detect flow 
abnormalities

 ○  Ghosting from strong reflectors leading to 
flashes of  color across the image plane

 ○  Gain too low (loss of  true signal) or gain too 
high (speckle pattern across the image)

 ○  Intercept angle, including absence of  detectable 
flow at a 90° angle

 ○  Signal aliasing (Fig. 1.15)
 ○  Electronic interference

v KEY POINTS

 o  The potential for underestimation of  velocity is 
the most important clinical limitation of  Dop-
pler ultrasound.

 o  Signal aliasing limits measurement of  high 
velocities with pulsed Doppler and may con-
fuse interpretation of  color Doppler images.

 o  Range ambiguity with CW Doppler is obvious. 
With pulsed Doppler, range ambiguity occurs 
when signals from two times, three times or 
more the sample volume depth return to the 
transducer during a receive cycle.

 o  A mirror image artifact is common on spectral 
tracings and may be reduced by lowering power 
output and gain.

 o  As ultrasound propagates through moving 
blood, there is a slight change in ultrasound 

frequency, called the transit time effect. The transit 
time effect results in slight blurring of  the edge 
of  the CW Doppler spectral display, particu-
larly for high velocity flows.

 o  Acoustic shadowing can be avoided by using 
an alternate transducer position; for example, 
transesophageal imaging of  a mitral prosthetic 
valve.

 o  Color ghosting is seen in only one or two frames 
of  the cardiac cycle, whereas blood flow signals 
demonstrate physiologic timing. 

BIOEFFECTS AND SAFETY

 n  A simple measure of  ultrasound exposure is the 
“duty factor,” defined as percent of  time ultra-
sound is being transmitted. 

 n  Two types of  ultrasound bioeffects are important 
with diagnostic imaging:

 ○  Thermal (heating of  tissue due to the interac-
tion of  ultrasound energy with tissue)

 ○  Cavitation (the creation or vibration of  small 
gas-filled bodies)

 n  Ultrasound exposure is measured by the:
 ○  Thermal index (TI; the ratio of  transmitted 

acoustic power to the power needed to increase 
temperature by 1° C)

 ○  Mechanical index (MI; the ratio of  peak rar-
efactional pressure to the square root of  trans-
ducer frequency)

TABLE 1.6   Ultrasound Terminology: Ultrasound Safety

Definition Examples Clinical Implications

Exposure Intensity (I) Ultrasound exposure depends 
on power and area:

I = power/area = watt/cm2

Common measures of intensity 
are the SPTA or the SPPA.

Transducer output and tissue 
exposure affect the total 
ultrasound exposure of the 
patient.

Thermal bioeffects Heating of tissue due to  
absorption of ultrasound  
energy described by the  
thermal index (TI)

The degree of tissue heating is 
affected by tissue density and 
blood flow.

TI is the ratio of transmitted 
acoustic power to the power 
needed to increase tempera-
ture by 1° C.

TI is most important with Doppler 
and color flow imaging.

Total ultrasound exposure 
depends on transducer 
frequency, power output, 
focus, depth, and exam 
duration.

When the TI exceeds 1, 
the benefits of the study 
should be balanced against 
potential biologic effects.

Cavitation Creation or vibration of small 
gas-filled bodies by the  
ultrasound wave

Mechanical index (MI) is the ratio 
of peak rarefactional pressure 
to the square root of the trans-
ducer frequency.

MI is most important with 2D 
imaging.

Cavitation or vibration of 
microbubbles occurs with 
higher intensity exposure.

Power output and exposure 
time should be monitored.

SPPA, Spatial peak pulse average; SPTA, spatial peak temporal average.
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LV

LA

Ao

Fig 1.15 Color Doppler signal aliasing. In this apical long-axis view, the 
antegrade flow in the LV outflow tract, away from the transducer, aliases 
from blue to red because velocity exceeds the Nyquist limit of 61 cm/s. 
The shape of the aliasing transition across the outflow tract also depends 
in the exact angle between the ultrasound beam and blood flow stream; a 
nonparallel intercept angle underestimates velocity, so aliasing occurs closer 
to the aortic valve even when velocities are uniform across the outflow tract. 
Ao, Aorta.

v KEY POINTS

 o  The degree of  tissue heating depends on the 
ultrasound energy imparted to the tissue and 
on characteristics of  the tissue, including tissue 
density and blood flow.

 o  The total ultrasound exposure depends on 
transducer frequency, focus, power output, 
and depth, as well as the duration of  the 
examination.

 o  Cavitation or vibration of  microbubbles occurs 
with higher intensity ultrasound exposure.

 o  When the TI or MI exceeds 1, the benefit of  
the ultrasound examination should be balanced 
against potential biologic effects.

 o  Power output and exposure time should be 
monitored during the echocardiographic 
examination. 

 o  Duty factor ranges from <1% for pulsed Dop-
pler or imaging to 100% for CW Doppler.  
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Optimization of Echocardiographic Images
Instrument Control Data Optimization Clinical Issues

Transducer  •  Different transducer types and transmis-
sion frequencies are needed for specific 
clinical applications.

 •  Transmission frequency is adjusted for 
tissue penetration in each patient and for 
ultrasound modality (Doppler versus  
imaging).

 •  A higher transducer frequency provides 
improved resolution but less penetration.

 •  A larger aperture provides a more fo-
cused beam.

Power output  •  Power output reflects the amount of ultra-
sound energy transmitted to the tissue.

 •  Higher power output results in greater tis-
sue penetration.

 •  Potential bioeffects must be considered.
 •  Exam time and mechanical and thermal 

indexes should be monitored.

Imaging mode  •  2D imaging is the clinical standard for 
most indications.

 •  M-mode provides high time resolution 
along a single scan line.

 •  3D imaging provides improved 
 appreciation of spatial relationships.

 •  Optimal measurement of cardiac cham-
bers and vessels requires a combination 
of imaging modes.

Transducer position  •  Acoustic windows allow ultrasound tissue 
penetration without intervening lung or 
bone tissue.

 •  Transthoracic acoustic windows  include 
parasternal, apical subcostal, and 
 suprasternal.

 •  TEE acoustic windows include high 
esophageal and transgastric.

 •  Optimal patient positioning is essential 
for acoustic access to the heart.

 •  Imaging resolution is optimal when the 
ultrasound beam is reflected perpen-
dicular to the tissue interface.

 •  Doppler signals are optimal with the ul-
trasound beam is aligned parallel to flow.

Depth  •  Depth is adjusted to show the structure of 
interest.

 •  PRF depends on maximum image depth.

 •  PRF is higher at shallow depths, which 
contributes to improved image resolu-
tion.

 •  Axial resolution is the same along the 
entire length of the ultrasound beam.

 •  Lateral and elevations resolution depend 
on the 3D shape of the ultrasound beam 
at each depth.

Sector width  •  Standard sector width is 60°, but a 
 narrower sector allows a higher scan  
line density and faster frame rate.

 •  Sector width should be adjusted as 
needed to optimize the image.

 •  Too narrow a sector might miss impor-
tant anatomic or Doppler findings.

Gain  •  Overall gain affects the display of the 
reflected ultrasound signals.

 •  Excessive gain obscures border identifi-
cation.

 •  Inadequate gain results failure to display 
reflections from tissue interfaces.

TGC  •  TGC adjusts gain differentially along the 
length of the ultrasound bean to compen-
sate for the effects of attenuation.

 •  An appropriate TGC curve results in an 
image with similar brightness proximally 
and distally in the sector image.

Grey scale or Dynamic 
range

 •  Ultrasound amplitude is displayed using a 
dB scale in shades of grey.

 •  The range of displayed amplitudes is 
adjusted to optimize the image using the 
dynamic range or compression controls.

THE ECHO EXAM

Basic Principles
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Optimization of Doppler Recordings

Modality Data Optimization Common Artifacts

Pulsed  •  2D guided with “frozen” image
 •  Parallel to flow
 •  Small sample volume
 •  Velocity scale at Nyquist limit
 •  Adjust baseline for aliasing
 •  Use low wall filters
 •  Adjust gain and dynamic range

 •  Non-parallel angle with underestima-
tion of velocity

 •  Signal aliasing. Nyquist limit = ½ pulse 
repetition frequency (PRF) 

 •  Signal strength/noise

Continuous  
wave 

 •  Dedicated non-imaging transducer
 •  Parallel to flow
 •  Adjust velocity scale so flow fits and fills  

displayed range
 •  Use high wall filters
 •  Adjust gain and dynamic range

 •  Nonparallel angle with underestimation 
of velocity

 •  Range ambiguity
 •  Beam width
 •  Transit time effect

Color flow  •  Use minimal depth and sector width for flow of 
 interest (best frame rate)

 •  Adjust gain just below random noise
 •  Color scale at Nyquist limit
 •  Decrease 2D gain to optimize Doppler signal
 •  3D color imaging allows better visualization of  

the size and shape of jet geometry proximal to a 
 restrictive orifice (e.g., valve regurgitation)

 •  Shadowing
 •  Ghosting
 •  Electronic interference

Instrument Control Data Optimization Clinical Issues

Harmonic imaging  •  Harmonic frequencies are proportional to 
the strength of the fundament frequency 
but increase with depth of propagation.

 •  Harmonic imaging improves endocardial 
definition and decreased near field and 
side lobe artifacts.

 •  Flat structures, such as valves, appear 
thicker with harmonic than with funda-
mental imaging.

 •  Axial resolution is reduced.

Focal depth  •  Transducer design parameters that affect 
focal depth include array pattern, aperture 
size, and acoustic focusing.

 •  The ultrasound beam is most focused at 
the junction between the near zone and 
far field of the beam pattern.

 •  Transducer design allows a longer focal 
zone. In some cases, focal zone can be 
adjusted during the examination.

Zoom mode  •  The ultrasound image can be restricted to 
a smaller depth range and narrow section. 
The maximum depth still determines PRF, 
but scan line density and frame rate can 
be optimized in the region of interest.

 •  Zoom mode is used to examine areas on 
interest identified on standard views.

ECG  •  The ECG signal is essential for triggering 
digital cine loop acquisition.

 •  A noisy signal or low amplitude ECG 
results in incorrect triggering or inadver-
tent recording of an incomplete cardiac 
cycle.

dB, Decibel; ECG, electrocardiogram; PRF, pulse repetition frequency; TGC, time gain compensation.

Optimization of Echocardiographic Images—Cont’d
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 SELF-ASSESSMENT QUESTIONS

Questions 1-5
Which ultrasound imaging interaction best describes 
the findings in each of  the following images:
 A.  Reverberation
 B.  Ring-down
 C.  Scattering
 D.  Refraction
 E.  Attenuation
  Question 1:

  Question 2:

  Question 3:

  Question 4:

  Question 5: 

Ao

LV

LA

Fig 1.16 Parasternal long-axis view.

Fig 1.18 Tricuspid regurgitant jet.

Fig 1.19 Parasternal long-axis view.

LV

Ao

LA

Fig 1.17 High esophageal window, TEE imaging. Ao, Aortic valve.

LV

LA

Fig 1.20 Apical 4-chamber view.
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Fig 1.21 

LV

RA

RV

Fig 1.22 

Question 6
Which of  the following would reduce echocardio-
graphic attenuation of  an ultrasound signal?
 A.  Increase the sector depth
 B.  Apply water-soluble gel to the transducer
 C.  Move the transducer laterally over the left lung
 D.  Decrease the power output
 E.  Raising the transducer frequency 

Question 7
Compared to pulsed-wave Doppler, CW Doppler:
 A.  Has a duty factor of  1
 B.  Is more susceptible to nonparallel alignment
 C.  Has a lower Nyquist limit
 D.  Has less range ambiguity
 E.  Has a larger aperture when using a dedicated 

transducer 

Question 8
Which of  the following most affects frame rate during 
color Doppler imaging?
 A.  Burst length
 B.  Color scale
 C.  Electronic interference
 D.  Variance setting
 E.  Intercept angle 

Question 9
In this TEE color Doppler long axis image of  the 
descending thoracic aorta (Fig. 1.21), the interposed 
black region between the red and blue color Doppler 
shift is the result of:
 A.  Acoustic shadowing
 B.  Intercept angle
 C.  Electronic interference
 D.  Signal aliasing
 E.  Flow disruption 

Question 10
Which of  the following allows measurement of  higher 
velocities with pulsed Doppler ultrasound?
 A.  Shifting the baseline
 B.  Decreasing the pulse repetition frequency
 C.  Increasing depth
 D.  Decreasing the Nyquist limit 

Question 11
The black signal seen on the parasternal long-axis 
view shown (Fig. 1.22) is best explained by:
 A.  Acoustic shadowing
 B.  Intercept angle
 C.  Electronic interference
 D.  Reverberations
 E.  Refraction of  the ultrasound beam 

Question 12
Which of  the following is least affected by increasing 
width of  the 2D scanning sector?
 A.  Temporal resolution
 B.  Spatial resolution
 C.  Axial resolution 
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Questions 13-17
Select the Doppler modality that offers the best diag-
nostic data for Questions 13 to 17:
 A.  Color Doppler imaging
 B.  Pulsed Doppler imaging
 C.  CW Doppler imaging
Question 13: Myocardial velocity for evaluation of  
LV diastolic function

Question 14: Vena contracta for mitral valve regur-
gitation severity assessment
Question 15: Pulmonary venous flow reversal for 
mitral regurgitation severity assessment
Question 16: Velocity of  the aortic jet in a patient 
with severe aortic stenosis
Question 17: Tricuspid regurgitation velocity in a 
patient with pulmonary hypertension 
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ANSWERS

Answer 1: D
In this parasternal long-axis image of  a patient with 
a bileaflet mechanical aortic valve, strong reflections 
from one of  the valve occludes (short arrow) appears 
as a linear echo in the aorta due to refraction of  the 
strong reflector being displayed as a line across the 
width of  the image (long arrow). 

Answer 2: A
This parasternal long axis image of  a patient with a 
bileaflet mechanical aortic valve (and a mitral valve 
clip) shows reverberations from the aortic valve 
obscuring the left atrium. Reverberation occurs if  
strong specular reflectors result in the ultrasound 
signal going back and forth between the two reflec-
tors before returning to the transducer. The received 
delayed signal is assigned to expected depth based on 
the time interval from transmission, leading to dis-
play of  multiple echodensities in a line distal to the 
actual structure. In this case, reverberation between 
the two valve leaflets result in linear artifacts distal to 
the valve. There also is an acoustic shadow from the 
mechanical aortic valve between the two reverbera-
tion artifacts. 

Answer 3: C
Doppler ultrasound sends a signal that is reflected 
and backscattered off  of  small structures, such as red 
blood cells. The reflected backscatter frequencies will 
be dependent on the speed and direction of  blood 
flow. Based on the Doppler equation, higher Doppler 
frequency shifts are associated with a higher velocity 
recording. Peak tricuspid regurgitant jet velocity is the 
highest recorded velocity from the Doppler envelope. 
The highest velocity is recorded when the ultrasound 
beam is parallel with flow. 

Answer 4: E
Attenuation describes the loss in ultrasound sig-
nal strength due to tissue absorption of  ultrasound 
energy, resulting in poor image quality in the far field. 
Use of  a lower frequency transducer aids tissue pen-
etration, improving image quality, but will relatively 
lower image resolution in the near field. 

Answer 5: B
High amplitude oscillations of  the piezoelectric crys-
tal elements may create an acoustic noise artifact, 
termed ring-down artifact, or near field clutter, which limits 
image resolution within 1 to 2 cm of  the transducer. 
This is commonly seen in apical view images of  the 
LV, with an artifact in the LV apex. Multiple views of  
the LV are needed to correctly identify the artifact. 

Answer 6: B
Attenuation is the loss of  signal intensity as the ultra-
sound wave travels through the tissue and back to 
the transducer. Attenuation is dependent on acoustic 
properties of  the tissue, transducer frequency, acoustic 
pressure (power), and travel distance. Air produces sig-
nificant attenuation that is minimized by applying gel 
to a transducer and avoiding lung tissue. Lowering the 
transducer frequency improves tissue penetration by 
increasing the ultrasound wavelength and thus reduces 
attenuation. Increasing the ultrasound power results 
in a stronger signal reflected back to the transducer. 
Increasing sector depth leads to more attenuation by 
increasing the distance the ultrasound signal travels. 

Answer 7: A
The duty factor is the percent of  time between ultra-
sound pulses used for transmitting the ultrasound sig-
nal. A CW Doppler continuously sends and receives 
ultrasound signal and thus has a duty factor of  100% 
(or 1), whereas a pulsed Doppler typically has a duty 
factor of  5%. Continuous sampling of  the ultrasound 
signal leads to range ambiguity but allows for measur-
ing higher velocities by eliminating the Nyquist limit. A 
dedicated CW Doppler transducer has a smaller sur-
face footprint (aperture), allowing for optimal position-
ing and angulation of  the ultrasound beam. All forms 
of  Doppler are equally susceptible to nonparallel align-
ment, leading to underestimation of  frequency shifts. 

Answer 8: A
Burst length represents the number of  ultrasound 
bursts transmitted along each sample line in the imag-
ing sector. A higher number of  bursts increases the 
accuracy of  mean velocity assessment, but, because 
of  increased data acquisition, results in a slower frame 
rate. Color scale shows the direction and velocity of  
flow. Shifting the color scale increases identification 
of  lower velocity flow as long as the maximum veloc-
ity is within the Nyquist limit. Beyond the Nyquist 
limit, there is aliasing of  the signal. Electronic inter-
ference affects image quality and therefore resolution 
of  velocities within the color sector, but it does not 
affect frame rate. Variance displays flow turbulence in 
the color sector and is superimposed on the standard 
color velocity scale. Although variance can be toggled 
on/off  and affects the display of  flow turbulence, the 
color frame rate is not affected. With Doppler imag-
ing, the signal is optimized when the ultrasound beam 
is parallel with flow. If  flow is perpendicular to the 
ultrasound beam (90° intercept angle), this is dis-
played as absence of  color, or no detectable flow, but 
does not affect imaging frame rate. 
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Answer 9: B
Color Doppler imaging samples blood velocity moving 
toward (displayed as red) or away (displayed as blue) 
from the transducer. Maximal velocities are obtained 
when flow is parallel to the ultrasound beam. In this 
TEE long-axis view of  the descending thoracic aorta, 
systolic blood flow is from right to left across the image; 
thus flow toward the transducer on the right is dis-
played in red and flow away from the transducer is dis-
played in blue. Flow perpendicular to the transducer, 
in this case the interposed black region, is recorded 
as an absent signal. Thus, this black region is due to 
a perpendicular intercept angle in this image. Acous-
tic shadowing occurs when a strong specular reflector, 
such as prosthetic valves or calcium, blocks ultrasound 
penetration distal to the reflector. Electronic interfer-
ence is displayed as an overlaying artifact, which is not 
associated with the image and may extend beyond tis-
sue borders. Signal aliasing results in flow being dis-
played as if  it were due to flow opposite in direction to 
actual flow. So, flow toward the transducer, by conven-
tion shown in red, would be displayed as blue, and vice 
versa. Signal aliasing often is seen on subcostal images 
of  the proximal abdominal aorta. Disruption of  flow 
would be accompanied by turbulent and disarrayed 
flow with aliasing of  the color Doppler signal at the 
point of  disruption, which is not seen on this image of  
a normal descending thoracic aorta. 

Answer 10: A
To accurately measure the velocity of  a sound wave, 
the signal must be sampled at least twice per wave-
length. Aliasing occurs from under-sampling of  
the backscattered signal, resulting in ambiguity in 
measuring the Doppler frequency shift with higher 
frequency shifts appearing as lower velocities in the 
opposite direction. The maximum pulse repetition 
frequency, or Nyquist limit, is the sampling rate at 
a given depth of  interrogation for a given transmit-
ted frequency. Thus, the highest velocity measurable 
without aliasing is limited to one-half  of  the pulse 
repetition frequency (Nyquist limit). Decreasing 
the pulse repetition frequency (and hence Nyquist 
limit) will decrease the measurable velocity and lead 
to more aliasing. The pulse repetition frequency 
decreases with increasing depth as more time is 
required to transmit and receive the backscattered 
signals. Shifting the baseline does not change the 
Nyquist limit but acts as an electronic “cut and 
paste” moving the signal in the opposite channel to 
show the physiologic velocity curve, in effect looking 
like less aliasing in one direction of  flow. 

Answer 11: A
This 2D image in an apical four-chamber view 
shows severe mitral leaflet and annular calcification 
resulting in an acoustic shadow. Calcium is a strong 

specular reflector, which blocks ultrasound penetra-
tion distally. Most of  the transmitted ultrasound beam 
reflects from the calcium back to the transducer. This 
is shown on the generated image as a bright echoden-
sity at the site of  calcium with shadowing of  the signal 
in the distal field. On 2D imaging, a parallel intercept 
angle between the structure of  interest and the ultra-
sound beam results in image “drop out,” as few signals 
are reflected from the anatomic structure. Electronic 
interference typically has a geometric pattern and 
affects the entire 2D image. Reverberations appear as 
multiple bright echo-densities distal to the anatomic 
structure, whereas refraction results in the structure 
of  interest appearing lateral to the actual location. 

Answer 12: C
With scanned (2D) imaging, the image sector is formed 
by multiple adjacent scan lines where the transducer 
sweeps the ultrasound beam across the imaging field. 
Rapid image processing allows for real-time imaging. 
Widening the scanning sector allows for improved 
spatial resolution across the imaging field. Because 
time is incurred sweeping the ultrasound beam across 
the imaging field with 2D imaging, temporal resolu-
tion is optimal with M-mode imaging, which images 
only along a single scan line. A wider 2D scanning 
sector decreases imaging frame rate and decreases 
temporal resolution. Axial resolution (longitudinal 
resolution) is resolution in the direction parallel to the 
ultrasound beam. Because resolution is the same at 
any point along an ultrasound beam, axial resolution 
is not affected by scanning sector width. 

Answers 13-17
Answer 13: B
Answer 14: A
Answer 15: B
Answer 16: C
Answer 17: C
CW Doppler imaging allows accurate measurement 
of  high velocity flow without aliasing of  the signal. 
Clinically, CW Doppler is used whenever a high veloc-
ity signal is present—for example, with aortic steno-
sis, tricuspid regurgitation, mitral regurgitation, or a 
ventricular septal defect. However, with CW Doppler, 
sampling occurs along the line of  interrogation with-
out localization of  the point of  maximum velocity 
along that line (lack of  range resolution). The origin 
of  the high velocity signal is inferred from imaging 
data or localized using pulsed Doppler or color flow 
imaging.

Color Doppler imaging is useful for evaluating the 
spatial distribution of  flow, which is especially helpful 
in determining the severity and mechanism of  regur-
gitant flow. The width of  the color Doppler regurgi-
tant jet, the vena contracta, is a reliable measure of  
regurgitation severity.
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Pulsed-wave Doppler imaging allows spatial 
localization of  a velocity signal but is best used for 
low velocity signals with a maximum velocity that 
is below the Nyquist level. Clinical examples of  the 
use of  pulsed Doppler include LV inflow across the 
mitral valve, pulmonary venous flow, and LV outflow 
velocity proximal to the aortic valve (even when aor-
tic stenosis is present). With velocities that exceed the 

Nyquist limit, aliasing of  the pulsed-wave Doppler 
signal occurs, which precludes accurate velocity mea-
surements. Conventional Doppler imaging assesses 
blood flow velocity by measuring signals from moving 
blood cells. With myocardial tissue Doppler imaging, 
as is used for LV diastolic function assessment, pulsed 
Doppler is used to quantify the lower velocity signals 
of  myocardial tissue motion.
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