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Artifacts are common during echocardiography. An 
artifact is information contained in a displayed 
image that leads to an incorrect depiction of the true 

anatomy. The increased complexity in the interpretation of 
artifacts has been part of the ongoing debate on the impor-
tance of proper training and credentialing for echocar-
diography.1,2 For example, artifacts in the ascending aorta 
occurred in 46% of patients with suspected aortic dissec-
tions studied by transesophageal echocardiography (TEE).3 
The misinterpretation of an artifact as a true finding may 
lead to unnecessary or omitted interventions, including 
medical treatment and surgery.4,5 This review is intended 
to discuss artifacts by providing examples, reviewing the 
ultrasound physics behind their generation, and suggesting 
how to reduce or eliminate them.

TWO-DIMENSIONAL IMAGE FORMATION
Piezoelectric elements constitute the basic building blocks 
of ultrasound transducers. These elements convert elec-
trical energy into mechanical vibrations that propagate 
through tissue as pulsed sound waves during the trans-
mission phase. The distance between the beginning and 
the end of a pulse is called the “spatial pulse length,” and 
the pulse repetition frequency is defined as the number of 
pulses emitted per unit time (Fig. 1). Typical echocardiog-
raphy transducers transmit in the frequency range of 2 to 
7 MHz. When transmitted pulses strike tissue interfaces 
with different acoustic impedances, some of their energy 
is reflected back to the transducer. The echoes returning to 
the transducer during the “listening” phase are converted 
into an electrical signal and processed into an image dis-
played on the monitor. When the difference in acoustic 
impedance is high (e.g., bone/soft tissue interface), more 
of the transmitted ultrasound wave is reflected. Current 
echocardiography systems assume that the ultrasound 
travels uniformly at a speed of 1540 m/s through soft 
tissues, such as the heart. This speed is derived from the 

mean velocity through various human tissues consisting 
primarily of muscle6 and does not represent the speed of 
sound through all tissues (Table 1).

However, not all the transmitted energy is reflected back 
to the transducer. Attenuation is the gradual loss of energy 
because of reflection and absorption7 (Table 2; Fig. 2). The 
ultrasound system accounts for the depth-dependent effects 
of attenuation by amplifying the signals returning later. 
This can also be done manually via the time gain compensa-
tion controls.

Resolution allows the operator to distinguish closely 
spaced objects in the image display as separate structures 
rather than as a single one. In 2D imaging, spatial resolu-
tion consists of axial and lateral resolution. Axial resolution 
improves as the spatial pulse length shortens. Lateral reso-
lution is maximum at the narrowest part of the beam (i.e., 
focal zone). Echocardiography systems allow for adjust-
ment of the depth of the focal zone.

Two-dimensional grayscale imaging artifacts arise 
when the data acquisition and signal-processing assump-
tions made by the ultrasound imaging system are violated 
(Table 3); these were recently discussed by Pamnani and 
Skubas.8 In evaluating artifacts, the importance of obtain-
ing multiple views of the same object cannot be stressed 
enough, because the persistence of a finding in mul-
tiple views decreases the likelihood that it is an artifact 
(Table 4).

TWO-DIMENSIONAL ULTRASOUND ARTIFACTS
Shadowing and Enhancement Artifact
Anechoic or hypoechoic regions may be the result of shad-
owing. Conversely, hyperechoic areas on an image display 
may be the result of enhancement. In both instances, the 
assumption that the ultrasound is attenuated uniformly 
is violated. Enhancement artifacts resulting in the appear-
ance of extra-anatomic features may occur when the ultra-
sound beam travels through tissue that attenuates less than 
its surroundings.9 Shadowing occurs when the transmit-
ting beam encounters a structure with high attenuating 
properties.10 For example, the highly reflective portions of 
prosthetic or heavily calcified valves prevent the compre-
hensive evaluation of left ventricular wall motion in the 
midesophageal views by displaying anechoic regions dis-
tal to the valves (Fig.  3; Supplemental Digital Content 1, 
Supplemental Video 1, http://links.lww.com/AA/B289). 
Evaluating the left ventricle from the transgastric or deep 
transgastric views will remove the reflector (i.e., valve) from 
the path of the area of interest and eliminate shadowing 
(Supplemental Digital Content 2, Supplemental Video 2,  
http://links.lww.com/AA/B290).

Artifacts are frequently encountered during echocardiographic examinations. An understand-
ing of the physics and underlying assumptions of ultrasound processing involved with image 
generation is important for accurate interpretation of 2D grayscale, spectral Doppler, color flow 
Doppler, and 3D artifacts and their clinical implications.    (Anesth Analg 2016;122:633–46)
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Reverberation Artifact
Reverberation results in a pattern of regularly spaced arti-
facts; the spacing represents the distance between the proxi-
mal and the distal reflector (Fig. 4, left). The intensity of the 
reverberation is directly related to the difference in acoustic 
impedance between the reflector and its surroundings11 and, 
when intense, reverberations may obscure imaging of ana-
tomic structures distal to the reflectors. When the distance 
between the reflectors is small, the artifact appears as a smear 
of signal rather than a discrete anatomic feature. In this case, 
these reverberations are referred to as “comet-tail” or “ring-
down” artifacts.11,12 In reverberations, the assumption that the 
ultrasound has returned to the transducer after only a single 
reflection is violated. With reverberation artifacts, the ultra-
sound beam bounces multiple times between 2 highly reflec-
tive surfaces during the listening phase before returning to 
the transducer.9 Changing the probe position (e.g., from mid-
esophageal to transgastric views) will eliminate these artifacts.

Table 2.   Definitions in Ultrasound7

Acoustic 
impedance

It is determined by the tissue density multiplied by the 
velocity of sound waves in the tissue. Differences in 
acoustic impedance cause reflections (echoes).

Absorption The conversion of sound energy to heat as it travels 
through a medium.

Attenuation The gradual loss of ultrasound energy as the wave 
propagates through tissue; it is caused by reflection, 
scattering, and absorption.

B-mode Brightness mode, which is most commonly referred to as 
2D grayscale mode.

Reflection The redirection of a transmitted sound wave, usually at 
an interface between 2 media with different acoustic 
impedance.

Refraction The change of propagation direction (bending) of 
ultrasound wave as it travels through media with 
different propagation speeds. This can only occur 
when the incident angle is different from 90°.

Scattering The reflected echoes propagate at various directions; it 
occurs when the reflector has a small surface (i.e., 
red blood cells).

Figure 1. Pulses are a train of ultrasound waves. Each pulse in the figure is made of 3 waves. Each pulse represents the transducer’s 
transmission phase. The transducer’s listening phase is between the pulses (time line not in scale, as the listening phase is >95% of the 
transmission phase).

Figure 2. Echoes are created from the reflected energy of an 
ultrasound beam after it strikes a tissue interface (black line). 
However, the energy that is reflected away from the probe or 
absorbed by the tissue is lost. This loss of energy is referred to 
as attenuation.

Table 3.   Violations of Ultrasound Assumptions that 
Lead to Artifacts
Assumptions Artifacts
1. Pulses and echoes travel in straight 

lines
Refraction

2. Waves are infinitely thin or pulses are 
extremely small

Beam width

3. Echoes return to the transducer after 
a single reflection

Reverberation, mirror image

4. Echoes originate from the main beam Side-lobe, grating lobe
5. The depth of an object is directly related 

to the travel time for an ultrasound 
pulse to return to the transducer; speed 
of sound = 1540 m/s

Refraction

6. Pulses and echoes are attenuated 
uniformly by all tissues

Shadowing, enhancement

Table 1.   Speed of Sound Through Tissues6

Tissue Speed (m/s)
Air 330
Lung 604
Fat 1450
Soft tissue 1540
Blood 1570
Bone 4080
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Table 4.   Two-Dimensional Grayscale Ultrasound Artifacts
Artifact Characteristics How to eliminate
Shadowing Hypoechoic or anechoic areas distal to strong reflectors Change the probe position to remove reflector from path of 

the area of interest
Enhancement Hyperechoic areas  

distal to weak reflectors
Change the probe position to remove reflector from path of 

the area of interest
Reverberation Multiple regularly spaced duplicated images Change the probe position to remove reflector from path of 

the area of interest
Refraction Misregistration, duplication, or omission of an object Change the probe position to remove structures with large 

propagation speeds from the path of the area of interest
Mirror image Duplicated image deep and equidistant from a reflector Change the probe position to remove reflector from path of 

the area of interest
Beam width Lateral blurring of image that may result in the overlapping 

of 2 images, thus appearing as one
Move the focal zone to the area of interest

Side and grating lobes Blurring of edges of an image Adjusting the harmonic frequency will minimize side lobes

Figure 3. The left ventricle (LV) is shown in the midesophageal transgastric short-axis view (A). The posteromedial papillary muscle (yellow 
arrows) is displayed with the correct grayscale. Propagation of the ultrasound inside the fluid-filled LV results in a relatively brighter anterolat-
eral papillary muscle (white arrowheads) because of enhancement. B, Shadowing (white asterisks) from heavily calcified posterior (P1 and 
P3) and anterior (A2) mitral valve leaflets. The anechoic area distal to these structures prevents a thorough assessment of LV wall motion.

Figure 4. The mechanism of reverberation is shown using probe A. T1 and T2 represent the borders of the reflective object and their corre-
sponding image on the display. Image 1, line A occurs when the ultrasound pulse makes 1 additional reflection after T2. Image 1, line B occurs 
when the ultrasound pulse makes 2 additional reflections. Ring-down artifacts occur in the presence of gas collections, from reverberation of 
the ultrasound within or between the gas collection (probe B) or resonation as the ultrasound beam passes through them (probe C).
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Ring-down artifacts occur when bubbles within a fluid 
background reflect or resonate sound waves (Fig. 4, right).12 
The appearance of ring-down artifacts should alert the 
echocardiographer to the presence of gas (e.g., air embolism 

or post-cardiopulmonary bypass air; Fig.  5; Supplemental 
Digital Content 3, Supplemental Video 3, http://links.lww.
com/AA/B291). In patients who may benefit from electrical 
cardioversion for atrial fibrillation, the distinction between 
left atrial appendage thrombi and a reverberation artifact is 
an important one to make.13,14 Similarly, many linear artifacts 
mimicking aortic dissections have been attributed to rever-
beration of the posterior wall,15–24 particularly in a dilated 
ascending aorta,22 and may result in unnecessary interven-
tions. Comet-tail artifacts have been reported in association 
with left atrial catheters25 but can occur in the presence of 
any closely spaced reflectors, such as pacing wires or pul-
monary artery catheters. They are often seen radiating from 
the distal wall of a descending aorta (Fig. 6; Supplemental 
Digital Content 4, Supplemental Video 4, http://links.lww.
com/AA/B292).

Mirror-Image Artifact
Mirror-image artifacts create the appearance of additional 
structures on the monitor display. Typically, the dupli-
cated structure is deeper, equidistant, and occasionally 
lateral to the reflector. Similar to reverberation artifacts, 
mirror-image artifacts occur when the assumption that 
the ultrasound echo returns to the transducer after only 
a single reflection is violated. Instead, the ultrasound 
beam first hits a large, smooth (mirror-like) reflector dur-
ing the transmission phase, which directs it to a second 
reflector (i.e., target). The beam then bounces from the 
target back to the mirror-like surface on its return to the 
probe (Fig. 7). Identifying the smooth reflector using mul-
tiple imaging planes will help to differentiate true extra 
structures from mirror-image artifacts. Similar to the arti-
facts discussed earlier, changing the probe position (e.g., 
from midesophageal to transgastric views) to remove the 
reflector from the path of the area of interest will eliminate 
these artifacts. Examples of mirror-image artifacts are for-
eign objects in the left ventricle26,27 or dissections in the 
descending aorta.22

Beam Width Artifacts
Lateral resolution refers to the ability to distinguish 2 or 
more structures side-by-side on the monitor as separate. 
When the ultrasound beam widens distal to the focal zone, 2 

Figure 5. Ring-down artifacts (black arrows) are seen from the mid-
esophageal long-axis view before separation from cardiopulmonary 
bypass. Residual air bubbles (red arrows) inside the left atrium 
(LA) before separation from bypass create a ring-down artifact that 
appears as a series of rays radiating from the anterior wall of the left 
atrium. LV = left ventricle.

Figure 6. Multiple comet-tail artifacts (black asterisks) radiate from 
the anterior wall of the calcified descending aorta.

Figure 7. Duplicated structures can occur through a variety of mechanisms. True mirror-image artifacts are opposite but equidistant from the 
reflector. A dissection flap (A) in the descending aorta with its mirror image (B) outside the aorta. The mirror surface is likely the thickened wall 
of the aorta. The green arrow points to a guidewire placed in the true lumen of the aorta with a comet-tail artifact (white arrow) radiating away.

http://links.lww.com/AA/B291
http://links.lww.com/AA/B291
http://links.lww.com/AA/B292
http://links.lww.com/AA/B292
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Figure 8. Mechanism of beam width arti-
fact formation is shown (A). In the near 
field, the pair of targets is displayed as 
separate objects. The pair of targets in 
the far field is imaged at a depth where 
the ultrasound beam is wide. It is not 
clear in the displayed image if there are 
2 targets or a single wide one. Panel B 
shows how beam width artifacts may 
be misdiagnosed as a thrombus in the 
left atrial appendage. The area of inter-
est (white arrow) is in the far field of the 
ultrasound beam (B). As a result, the left 
atrial appendage may appear blurred and 
thrombus cannot be excluded. When the 
beam is narrowed by repositioning the 
focus to the level of the appendage, the 
echogenic material disappears (C, white 
arrow).

Figure 9. In the far field, distal to the focal zone (F), the beam widens (beam). Side lobes (S) and grating lobes (G) are lateral to the main 
beam. The bottom panel shows how each target may potentially have 2 additional echoes in the display.
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separate side-by-side structures may appear as 1 continuous 
structure on the image display. Poor lateral resolution may 
be the result of beam width artifacts. These artifacts occur 
when the assumption that ultrasound waves are infinitely 
thin throughout is violated. Adjusting the focal zone with 
the focus knob may help to eliminate these artifacts (Fig. 8). 
Beam width artifacts have been attributed to false positives 
for thrombus in the left atrial appendage for patients under-
going TEE with atrial fibrillation.28

Side and Grating Lobe Artifacts
Side and grating lobe artifacts result in the blurring of the 
edges of a displayed object (reduce lateral resolution); the 
assumption that the ultrasound waves are infinitely thin is 
violated. Grating and side lobes appear similarly around the 
main beam, but their mechanisms of origin differ (Fig. 9).29 
Side and grating lobes are secondary beams around the cen-
tral ultrasound beam and are produced by nonaxial vibra-
tions of the piezoelectric elements.

In clinical practice, it can be difficult to differentiate 
between side and grating lobe artifacts.30 A blurred pace-
maker wire or pulmonary artery catheter is considered 
either a beam width or a side-lobe artifact.31

Side-lobe artifacts are echoes extending lateral of their 
targets across the arc of the sector scan. They are also part 
of the differential diagnosis for masses in the left atrial 
appendage.32 Side-lobe–generated artifacts may contrib-
ute to making normal, stented bioprosthetic aortic valves 

appear abnormally bent.33 Harmonic imaging may reduce 
the echoes from the side and grating lobes of the ultrasound 
beam (Supplemental Digital Content 5, Supplemental Video 5,  
http://links.lww.com/AA/B293).7,34

Refraction Artifact
Refraction occurs rarely in TEE and appears as the misregis-
tration, omission, or side-by-side split imaging of an object 
(Fig.  10). Refraction occurs when the ultrasound beam 
propagates at a different angle from its original path as it 
travels through tissue interfaces with different propagation 
speeds. In refraction, the assumption that the ultrasound 
pulses travel in a straight line is violated. It may disappear 
when the probe is moved toward areas with similar propa-
gation speeds (e.g., blood next to soft tissue) or by changing 
the imaging plane. This artifact has been noted to mimic a 
pseudoaneurysm of the aorta.35 It occurs more frequently 
during transthoracic echocardiogram36–39 because the ultra-
sound wave is more likely to travel through tissue interfaces 
with large differences in propagation speed (e.g., fat versus 
muscle) compared with TEE.

SPECTRAL AND COLOR FLOW DOPPLER 
ARTIFACTS
Doppler Shift
When a pulse emitted from the transducer strikes a moving 
red blood cell, the difference between the transmitted and 
the reflected frequency (i.e., Doppler shift) is proportional 

Figure 10. Refraction artifact. When the ultrasound beam travels through a tissue interface and the propagation speeds (P) are equal  
(P1 = P2) on both sides of the interface, the resulting image shows the objects in their proper positions (A). However, when the ultrasound 
beam travels through an interface between tissues with different propagation speeds (P1 ≠ P2), its propagation direction is altered, resulting 
in misregistration of the distal object (green star, B).

Table 5.   Spectral and Color Flow Doppler Artifacts
Artifact Characteristic How to eliminate
Aliasing “Wrap-around” of the velocity scale Decrease the transmitted ultrasound frequency and/or the sector 

depth while maximizing scale or shifting the baseline
Blooming CFD velocities extend beyond the region of true 

blood flow
Reduce gain setting

Spectral Doppler  
mirroring

Duplicate of Doppler spectrum above and below 
the baseline

Reduce the gain or power output or reposition the probe so that 
Doppler angle is as close to 0 or 180° as possible

Pseudoflow Motion of fluid other than blood Spectral imaging will not show characteristic arterial or venous 
waveform

Twinkling Mosaic of rapidly changing blue and red patches  
of color near strongly reflective, surfaces

Spectral Doppler of this artifact will produce a pattern consistent 
with noise

http://links.lww.com/AA/B293
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to the speed of the red blood cell. This is expressed in the 
mathematical formula for Doppler shift where the blood 
flow velocity (vel) is vel = [(Fr − Ft) × (C)]/[2Ft × cosine 

θ] and Ft = frequency of transmitted ultrasound beam,  
Fr = frequency of reflected ultrasound beam, C = velocity of 
sound in human tissue, assumed to be constant at 1540 m/s,  

Figure 11. The top image shows aliasing in the pulsed wave Doppler. The sample volume (deep transgastric view) is over the aortic valve and 
measures the systolic velocity (away from the probe, A). During diastole, the aortic regurgitation velocity “wraps-around” (green double arrow) 
the velocity scale because of aliasing (B). C and D show aliasing in color flow Doppler (white arrows). Shifting the color baseline (D) will create 
aliasing in the proximal LVOT area. LVOT = left ventricular outflow tract.

Figure 12. Doppler spectral mirroring. A, Electronic cross talk below the zero baseline in the spectral display of the left upper pulmonary vein 
blood flow. B, Directional ambiguity: the velocity of the coronary sinus (asterisk) blood flow (midesophageal view of the left ventricle) above 
and below the baseline is similar. S = systolic wave; D = diastolic wave; a = atrial wave.
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θ = angle between the Doppler beam and the direction 
of blood flow. In continuous wave Doppler (CWD) and 
pulsed wave Doppler (PWD), the velocity calculated from 
the Doppler shift is graphed against time in the x-axis. The 
velocities above the zero velocity baseline correspond to 
blood flowing toward the transducer, whereas velocities 

below the zero velocity baseline correspond to blood flow-
ing away from the transducer. In color flow Doppler (CFD), 
a sector is superimposed on the 2D image, and the velocity 
range within this sector is depicted with a preset gradation, 
with the lightest colors representing highest velocities. Most 
ultrasound systems have default CFD settings, such that 

Figure 13. In color Doppler mode, the 
flow inside a mirrored vascular structure 
depends on the relative directions of 
the flow in the true vessel and the pulse 
after its reflection in the mirror. The color 
of the mirror-image vessel may be the 
same as the true vessel (A, red arrow) 
or opposite (B, blue arrow). In the mirror- 
image artifact (midesophageal right 
ventricle inflow-outflow view), both true 
(“A”) and mirror (“B”) color flows are the 
same color (direction). LA = left atrium;  
RV = right ventricle; C = mirror image of 
right ventricle.
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blue represents flow away from the transducer and red rep-
resents flow toward the transducer (mnemonic: blue away, 
red toward [BART]).40

The physics of each modality have been thoroughly 
reviewed.41,42 In terms of clinical application, CWD measures 
all blood velocities along the ultrasound beam, whereas 
PWD and CFD detect velocity information at a specific loca-
tion. Artifacts in spectral Doppler and CFD are summarized 
in Table 5 and will be discussed in more detail later.

Aliasing
Aliasing, also called Doppler shift ambiguity, appears 
as a “wrap-around” of the velocity in PWD and CFD. In 
PWD, the velocity continues beyond the limit of the scale 
and reappears at the opposite part of the scale. In CFD, the 
wrap-around is displayed as patches of light blue adjacent 
to patches of bright yellow (Fig. 11). In the presence of alias-
ing, the displayed velocities cannot be resolved.

Aliasing occurs because the velocity that can be mea-
sured accurately by PWD and CFD is limited; this maximum 
resolvable velocity corresponds to a Doppler shift equal to 
half of the pulse repetition frequency (i.e., Nyquist limit).42 

Aliasing may be reduced by shifting the baseline, maximiz-
ing the velocity scale, decreasing the sector depth, decreas-
ing the transmitted ultrasound frequency, or decreasing the 
sector.43

The ability to use aliasing may be clinically useful in 
detecting a turbulent lesion across valves and vessels,44–46 as 
well as in diagnosing diastolic dysfunction and the sever-
ity of valvular regurgitation. When aliasing is used for the 
subjective grading of regurgitation or stenosis, using a low-
velocity scale (i.e., setting the Nyquist limit too low) will 
make the flow appear worse than it is (Supplemental Digital 
Content 6, Supplemental Video 6, http://links.lww.com/
AA/B294).

Aliasing does not occur with CWD because separate ele-
ments on the probe transmit while others simultaneously 
“listen.” This eliminates the limitation set by the pulse rep-
etition frequencies (i.e., pulses emitted per second).

Spectral Doppler Mirroring
Spectral Doppler mirror-image artifacts appear as a dupli-
cate of the velocity spectrum above and below the baseline. 
Causes of spectral Doppler mirror-image artifacts are cross 
talk and directional ambiguity. Cross talk results from erro-
neous signal transfers when the echo exceeds the operating 
range of the circuit and results in the appearance of veloc-
ity on both sides of the baseline. On one side, the veloc-
ity is usually more intense and brighter (i.e., true Doppler 
shift) than the one on the other side (Fig.  12A). Reducing 
the Doppler gain or output power may eliminate the arti-
fact. Directional ambiguity occurs when the Doppler angle 
is near 90°. Also known as “indeterminate flow direction,”47 
the intensity on both sides of the baseline is relatively uni-
form (Fig. 12B). When Doppler spectral mirroring is related 
to directional ambiguity, gain and power have little effect on 
reducing the artifact.

Artifacts in CFD
Artifacts in CFD are due to the same mechanism as in 
B-mode imaging. Mirror-image artifacts also occur in CFD 
images. Reflections from a mirror surface do not alter the 
Doppler shift, but the apparent flow direction (and color 
coding) may be affected. If the transmitted and reflected 

Figure 14. A, High-grade atherosclerotic disease in the descending aorta. When color flow is added to the image (B), the lesion is obscured 
as a result of blooming.

Figure 15. Transgastric short-axis view of the right ventricle (RV) in 
a patient with a large pericardial effusion (A) shows pseudoflow (red 
color Doppler). The pericardial effusion consisted of serosanguinous 
and purulent fluid. True blood flow is seen inside the right ventricle 
(blue color Doppler).

http://links.lww.com/AA/B294
http://links.lww.com/AA/B294
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pulse encounters the blood flow from the same direction 
(relative to the flow direction), then the duplicated (mir-
rored) color Doppler pattern will be the same as the flow 
inside the true structure. If they encounter the flow from 
opposing directions, then the Doppler pattern will have the 
opposite color (i.e., suggesting flow in the opposite direc-
tion; Fig. 13; Supplemental Digital Content 7, Supplemental 
Video 7, http://links.lww.com/AA/B295). This has been 
seen as a duplication of the right ventricular outflow tract 
with parallel flow secondary to a thickened pericardium.48 
Shadowing is commonly seen in CFD as an area of miss-
ing velocity information distal to a strong attenuating object 
such as a prosthetic valve (Supplemental Digital Content 8, 
Supplemental Video 8, http://links.lww.com/AA/B296).

Blooming
In “blooming,” soft tissues are color-coded as if they contain 
true blood flow. Also known as “color bleed,” this artifact 
results from abnormally high-gain settings and the artifact 
may potentially obscure pathology47 such as severe athero-
sclerosis in the aorta (Fig. 14). Doppler gain does not affect 
the intensity of the transmitted pulse.

Pseudoflow
Motion of fluids other than blood, such as ascites, amniotic 
fluid, pleural effusion, and urine can be imaged with CFD; 
this “pseudoflow” is an artifact because spectral imaging 

will not typically show characteristic arterial or venous 
waveforms.47 Pericardial effusions seen during an echocar-
diographic examination may demonstrate flow because of 
their proximity to the heart (Fig. 15; Supplemental Digital 
Content 9, Supplemental Video 9, http://links.lww.com/
AA/B297).

Twinkling
Used for diagnostic purposes in noncardiac imaging,49–51 
“twinkling” artifacts are a mosaic of rapidly changing blue 
and red patches of color near strongly reflective surfaces 
resulting in patterns that imitate abnormal flow (Fig. 16; 
Supplemental Digital Content 10, Supplemental Video 10, 
http://links.lww.com/AA/B298). Twinkling may be the 
result of a type of intrinsic scanner noise dubbed “phase” 
or “clock jitter.”52 Spectral Doppler-mode interrogations 
in the region of this artifact will produce a spectral pat-
tern consistent with noise (Fig.  16, right). Intracardiac 
flow that is present throughout the cardiac cycle should 
also be considered twinkling as part of the differential 
diagnosis. First described in 1996, this artifact may mimic 
blood flow,53 such as a regurgitant jet, paravalvular leak, 
or shunt. It has been described in association with echo-
genic intracardiac foci in the fetal heart,54 as well as cal-
cified and noncalcified cardiac valves.55 Vena contracta 
measurements become inaccurate in association with a 
twinkling artifact.55

Figure 16. Midesophageal commissural view shows a bioprosthetic mitral valve with twinkling artifacts (green arrows) near the struts (A). B, 
An example of noise in spectral Doppler in the midesophageal view of the descending aorta. LV = left ventricle; LA = left atrium; RV = right 
ventricle.

Table 6.   Three-Dimensional Artifacts
Artifact Characteristic How to eliminate
Stitching The presence of demarcation lines within the 

image, making the image appear “sliced” and 
shifted

Minimize the heart’s out-of-plane movement during the electrocardiogram-gated 
image acquisition period (i.e., eliminate dysrhythmias, cease ventilation or 
patient or probe movement, or cease electrocautery). High volume rate (high 
volume rate mode) may minimize stitching

Dropout Missing data from image structures that are 
parallel to the ultrasound pulse

Increase gain. Change the probe position to move area of interest from position 
parallel to ultrasound beam

Railroad Objects with wide lumens displayed as if they 
have a railroad track appearance

Optimize spatial and temporal resolution. Change the probe position to move the 
ultrasound beam to 90° of the area of interest

Blurring Objects appear thicker than they are in reality Optimize spatial and temporal resolution
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THREE-DIMENSIONAL ULTRASOUND ARTIFACTS
Matrix array transducers allow for real-time acquisition and 
display of cardiac structures in 3D. These transducers are 
capable of performing 2D multiplanar and live or electro-
cardiogram-gated 3D imaging of cardiac structures. Three-
dimensional ultrasound imaging is subject to the same 
types of artifacts seen in 2D grayscale images (Supplemental 
Digital Content 11, Supplemental Video 11, http://links.
lww.com/AA/B299), and the mechanisms of artifact forma-
tion are similar.56,57 The mechanism for artifacts “specific” to 
3D imaging, such as poor elevational resolution and anisot-
ropy, is discussed later and summarized in Table 6.

In all planar imaging modalities (i.e., 2D and 3D), a voxel 
or volumetric pixel is the base data unit for the image. With 
(2D) grayscale imaging, only the height (i.e., axial resolu-
tion) and length (i.e., lateral resolution) of the image is dis-
played. In 3D imaging, the height, length, and thickness 
(i.e., elevational resolution) of the image are displayed as 
well (Fig. 17). Analogous to how beam width affects the lat-
eral resolution along the length of the 2D image, slice thick-
ness affects the elevational resolution along the thickness 
of the 3D image. Poor elevational resolution is difficult to 
identify in 2D images, but in 3D imaging it is more visually 
apparent.

Dropout and Railroad Artifacts
“Dropout” artifacts may result in the appearance of 
holes, defective objects, or perforations where none 
exist. “Railroad” artifacts have a characteristic railroad 

track-shaped appearance (Fig.  18).57 These artifacts result 
from images with areas of missing data, some of which are 
related to anisotropy.57 In general, pulses that impact an 
interface at 90° will be reflected straight back to the trans-
ducer where they are detected and rendered in the image. In 
the case of an oblique incidence, the echo may be reflected 
away from the transducer, like a billiard ball rebounding 
from a bumper on a pool table, and will not be detected or 
included in the image (Fig. 17). This is often seen in 2D mus-
culoskeletal imaging where the interface is large, smooth, 
and “specular.”58 Increasing gain may reduce dropout arti-
facts at the expense of overall image sharpness and can also 
result in greater blood signal obscuring cardiac structures 
(Fig. 19). Dropout artifacts are commonly seen in the inter-
atrial septum and aortic leaflets.57 Railroad artifacts refer 
specifically to artifacts from large catheters with a wide 
lumen similar to a pulmonary artery catheter or a guide 
catheter used by interventional cardiology.

Blurring and Blooming Artifacts
“Blurring” and blooming artifacts occur when objects 
appear thicker than they really are (Fig. 20). They are also 
referred to as “3D amplification artifacts.”57 The 3D imag-
ing-related blurring artifact is similar to the beam width 
artifact encountered in 2D imaging; both cause blurring of 
the lateral edges of known sharp objects. Unlike axial and 
lateral resolution, which is adjustable, elevational resolution 
is relatively fixed and is primarily responsible for 3D blur-
ring artifacts. The term “blooming artifact” is used when 

Figure 17. When an ultrasound beam encoun-
ters a specular reflector, such as a catheter, only 
the ultrasound signals reflected from the near 
and far wall of the catheter are seen. A, A 2D 
ultrasound image of a catheter (green circle) and 
(B) a 3D reconstruction of the same catheter. By 
adding the elevational aspect to the image, the 
reconstructed data set in all 3 orthogonal planes 
appear as a “railroad” on the display.
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Figure 18. With 2D imaging, an extracorporeal membrane oxygenator venous cannula is seen entering the right atrium from the inferior vena 
cava (A and C). The portions of the cannula that interface with the ultrasound beam at 90° produce the brightest portions of the image and 
those that interface with the ultrasound beam at an oblique angle produce weaker or no returning signals. This is also seen in the 3D image 
and has been named a “railroad” artifact (B and D).

Figure 19. Dropout occurs when the 3D image shows an erroneous absence of data. In this example, it mimics perforation of the aortic valve 
(A, white arrows). The panels demonstrate the impact of increasing gain to compensate for the dropout artifact from A to C. The gain in panel B 
is increased relative to panel A. While increasing gain will reduce dropout to a degree, all returning signals are amplified and therefore spatial 
resolution is decreased (C, white arrows).

Figure 20. In panel A, the unusually thickened 
and uneven appearance of a pacing wire is due to 
3D blooming (green arrows). In panel B, 3D ren-
dering shows the aortic valve (A) short-axis view 
after transcatheter aortic valve replacement. The 
metal rim (black arrows) around the aortic valve 
appears thickened because of blurring. RV = right 
ventricle; RA = right atrium; LA = left atrium.
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the artifact is specific to metal wires (Supplemental Digital 
Content 12, Supplemental Video 12, http://links.lww.com/
AA/B300).57

Stitching Artifacts
“Stitch” artifacts appear as “fault” lines within an image 
and make it difficult to interpret along the slice thick-
ness direction (Fig.  21; Supplemental Digital Content 
13, Supplemental Video 13, http://links.lww.com/AA/
B301). The image comprises shifting segments. Three-
dimensional volume-gated images are created when 2 
or more pyramidal sections (or slices) obtained over the 
equivalent number of heartbeats are merged.57 When the 
pyramidal sections are imprecisely merged during post-
processing, stitching artifacts occur. Stitching artifacts can 
be reduced by minimizing the heart’s out-of-plane move-
ment during the electrocardiogram-gated image acquisi-
tion period eliminating dysrhythmias, ceasing ventilation 
or patient or probe movement, or ceasing electrocautery. 
Although there is some reduction in resolution, a high 
volume rate (high volume rate mode) on 3D systems mini-
mizes stitching by scanning the subvolumes in an inter-
locking sparse pattern rather than contiguously. In this 
way, the ultrasound system is better able to estimate miss-
ing data when there is significant out-of-plane motion 
during data acquisition.

CONCLUSIONS
Artifacts are commonly seen in TEE but are often misinter-
preted. Misinterpretation of echocardiography artifacts can 
have unintended consequences and may lead to inappro-
priate operations, extra time on cardiopulmonary bypass, 
and/or additional interventional procedures. Knowledge of 
the underlying physics behind image generation gives the 
echocardiographer the basis for correctly identifying these 
artifacts and assuring correct interpretation of these studies. 
In addition, several views should be assessed when one sus-
pects an artifact is present so that the image can be correctly 
interpreted. E
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