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U ltrasound guidance in regional anesthesia has
grown in popularity over the past 5 years. Its

attractiveness stems from the unprecedented ability
to visualize the target nerve, approaching needle,
and the real-time spread of local anesthetic.1 As
ultrasound experience grows within the regional
anesthesia community, the limitations and chal-
lenges begin to declare themselves. Chief among
these limitations are ultrasound-generated artifacts.
Recognition of such optical events combined with
an appreciation of the mechanisms involved sup-
ports a high quality ultrasound-guided regional an-
esthesia practice. The objective of this article (Part I)
is to describe the physical properties of ultrasound
most relevant to the regional anesthesiologist so
that clinical sonographic imaging can be optimized
and common ultrasound-generated artifacts (dis-
cussed in more detail in Part II2) can be recognized.

Ultrasound Generation, Frequency,
and Wavelength

An ultrasound wave is a form of acoustic energy
and is generated when multiple piezoelectric crys-
tals inside a transducer (i.e., the probe) vibrate at
high frequency in response to an alternating cur-
rent. The rapid vibration, which is transmitted to
the patient through a conductive gel, propagates
longitudinally into the body as a short, brief series
of compressions (high pressure) and rarefactions
(low pressure). Each ultrasound wave is character-
ized by a specific wavelength (distance between
pressure peaks) and frequency (number of pressure
peaks per second). The propagation velocity of a
sound wave (i.e., acoustic velocity) is fairly constant
in the human body (c) and is approximately 1,540
meters per second. Therefore, in the human body,
we can use the following equation:

(1) c ! " · f

where " ! wavelength, f ! frequency, and c !
1,540 meters per second. In order to generate a
clinically useful image, the ultrasound waves must
bounce off of tissues and return to the probe. The
probe, after emitting the wave, switches to a receive
mode. When ultrasound waves return to the probe,
the piezoelectric crystals will vibrate once again,
this time transforming the sound energy into elec-
trical energy. This process of transmission and re-
ception can be repeated over 7,000 times a second
and, when coupled to computer processing, will
result in the generation of a real-time 2-dimen-
sional image that appears seamless.

The degree to which the ultrasound waves reflect
off of a structure and return to the probe will de-
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termine the signal intensity on an arbitrary gray
scale.3 Structures that strongly reflect ultrasound
generate large signal intensities and appear whiter
or hyperechoic. In contrast, hypoechoic structures
weakly reflect ultrasound and appear darker.

Ultrasound Interactions with Tissues

As the ultrasound waves travel through the body
(Fig 1), they are influenced by reflection, refraction,
and attenuation.4 When an ultrasound wave en-
counters a boundary between 2 different types of
tissues, part of the acoustic energy is reflected and
part is transmitted. A large and smooth reflector
(e.g., the needle) acts like a mirror and is hence
called a specular reflector. An irregular surface ran-
domly scatters ultrasound and is referred to as a
scattering reflector. Most neural images are gener-
ated based on scattering rather than specular reflec-
tion. The amount of ultrasound that is reflected is
proportional to the difference in acoustic imped-
ance (tendency to resist the passage of ultrasound)
between adjacent tissues. The greater the mismatch

in acoustic impedance between 2 tissue interfaces,
the more energy is reflected back towards the
probe, resulting in 2 distinct images on the ultra-
sound screen. A bone/soft tissue interface, for ex-
ample, reflects 43% of the incoming ultrasound
waves. In contrast, a muscle/blood interface reflects
0.1% of the ultrasound waves.

Clinical pearls: The regional anesthesiologist is at a
distinct advantage when the target nerve is surrounded by
tissue that has a different acoustic impedance. For exam-
ple, the sciatic nerve in the popliteal fossa is surrounded
by adipose tissue. The large difference in acoustic imped-
ance between the sciatic nerve and the adipose tissue
causes the nerve to appear clearly hyperechoic relative to
the hypoechoic surrounding adipose tissue (Figs 2 and 3).
The reverse is true for the roots of the brachial plexus in
the interscalene region. Here, there is a large difference in
acoustic impedance between the fascial layers that envelop
the plexus and the nerves themselves thereby causing the
nerves to appear unmistakably hypoechoic relative to
their surroundings (Fig 4).

When ultrasound passes through a tissue inter-
face (nonreflected), it will likely change its direction
of travel. This is a process known as refraction and
occurs when the wave reaches a boundary that
separates 2 tissues with different, however slight,
acoustic velocities. Light also is refracted (Snell’s
law) and is the reason a fork appears bent when it
is inserted into a glass of water. Refracted ultra-
sound may not contribute to successful imaging of
the target structure if a significant amount of the
ultrasound does not return to the probe. Refraction
(as well as reflection away from the probe) occurs

Fig 1. The many responses that an ultrasound wave pro-
duces when traveling through tissue. (a) Scatter reflection:
the ultrasound wave is deflected in several random direc-
tions both to and away from the probe. Scattering occurs
with small or irregular objects. (b) Transmission: the ultra-
sound wave continues through the tissue away from the
probe. (c) Refraction: when an ultrasound wave contacts
the interface between 2 media with different propagation
velocities, the ultrasound wave is refracted (bent) depend-
ing upon the difference in velocities. (d) Specular reflection:
reflection from a large, smooth object (such as the needle)
which returns the ultrasound wave toward the probe when
it is perpendicular to the ultrasound beam.

Fig 2. The short axis view of the sciatic nerve in the
popliteal fossa. The large arrow indicates the nerve. The
adipose tissue creates a distinct interface with the sciatic
nerve which allows for an easy visual distinction between
nerve and surrounding muscle. The nerve is hyperechoic
(white) and the fat is hypoechoic (dark).
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to a larger extent when the angle of incidence be-
tween the ultrasound beam and the structure is
other than perpendicular.3

Clinical pearls: With respect to needle visualization,
the goal of the anesthesiologist is to simultaneously
minimize refraction and maximize reflection back to-
ward the probe by keeping the needle perpendicular to
the ultrasound beam as indicated in Figure 5A. With
deeper nerve targets, the angle of incidence between the
beam and needle becomes more parallel such that more
ultrasound waves are redirected (by refraction and
reflection) and fewer waves successfully return to the
probe. The end result is that the needle becomes less
visible (Fig 5B). For this reason, many providers prefer
the out-of plane needle approach for deeper target
nerves (Fig 6).

Attenuation is the progressive loss of acoustic
energy as a wave passes through tissue.4 This results
in a progressive decrease in the returning signal
intensity as the ultrasound travels deeper into a
tissue bed. The major source of ultrasound attenu-
ation is the conversion of some of the acoustic (i.e.,
mechanical) energy into heat by a process known as
absorption. Attenuation is directly related to the
depth of beam penetration, the type of tissue being
imaged, and varies indirectly with the frequency of
the ultrasound waves. Different tissues will result in
different degrees of attenuation. Attenuation is
measured in decibels per centimeter of tissue (dB
cm"1) and is represented by the attenuation coeffi-
cient of the specific tissue. The higher the attenua-
tion coefficient, the more attenuated the ultrasound
waves are by the specified tissue. Examples of at-
tenuation coefficients of different physiologic tis-
sues are listed in Table 1. Figure 7 shows the impact

of frequency and depth on the attenuation of ultra-
sound.

Clinical pearls: While attenuation can have a profound
negative impact on image quality, there are 2 important
adjustments that can be made on the ultrasound machine
that help to overcome some of the effects of attenuation.
First, most machines allow the operator to artificially
increase (or decrease) the signal intensity of the returning
echoes from all points in the displayed field. This is
accomplished by adjusting the gain control higher to
increase the overall brightness. Second, most machines
offer the operator the ability to control gain independently
at specified depth intervals. This is known as time gain
compensation. The time gain compensation should be
progressively increased as the depth of penetration in-
creases in order to compensate for the corresponding loss
of signal intensity (Fig 8).

Resolution

Resolution refers to the ultrasound machine’s
ability to distinguish one object from another.5 The
most important types of resolution for the regional
anesthesiologist are axial, lateral, and temporal res-
olution.

Axial resolution refers to the machine’s ability to
separate 2 structures lying at different depths, par-
allel to the direction of the ultrasound beam. Axial
resolution is roughly equal to one half of the pulse
length. If the distance between 2 objects is greater
than one half of the length of the ultrasound pulse,
then the structures will appear as 2 separate objects
(Fig 9). It follows then that higher frequency probes
(shorter pulse lengths) produce the best axial reso-

Fig 4. The short axis view of the interscalene brachial
plexus. The arrows indicate the individual roots of the
brachial plexus. Note the distinct hypoechoic nature of
the roots in contrast to the hyperechoic fascial sheath. AS,
anterior scalene muscle; CA, carotid artery; MS, middle
scalene muscle; SCM, sternocleidomastoid muscle.

Fig 3. The short axis view of the sciatic nerve in the
popliteal fossa. This image comes from an athlete. Note
the difficulty in distinguishing the sciatic nerve from the
surrounding muscle. N, sciatic nerve; M, muscle.
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lution. However, as described above, higher fre-
quency ultrasound waves are more readily attenu-
ated than lower frequency sound waves, resulting
in poor tissue penetration.

Clinical pearls: High frequency transducer probes (e.g.,
8-12 MHz) afford high axial resolution of superficial
structures (e.g., axillary region) but have low tissue pen-
etration. Low frequency probes (e.g, 4-7 MHz) allow for

Fig 5. (A) Long axis image of an 18-gauge needle inserted in-plane with the ultrasound beam. Because the needle is
inserted perpendicular to the ultrasound beam, it acts as a strong specular reflector, resulting in a large amount of
ultrasound returning to the probe. (B) The angle of needle insertion was changed from perpendicular to more parallel,
thereby increasing refraction and reflection away from the probe. This is the reason the image of the needle is degraded.
Note also the reverberation artifact in (A), in which there are multiple needles visualized under the actual needle. Full
discussion of this artifact can be found in Part II.2

Fig 6. (A) The in-plane approach for needle insertion. (B) The corresponding needle image for the in-plane approach.
(C) The out-of-plane approach for needle insertion. (D) The corresponding needle image for the out-of-plane approach.
The out-of-plane approach has the disadvantage of only visualizing a portion of the needle on short axis. However, for
deep blocks such as the transgluteal sciatic block, the out-of-plane approach may be preferred secondary to optimization
of reflection toward the probe and minimization of refraction. This is secondary to the near perpendicular relationship
of the needle to the beam even at extreme depths.
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deeper tissue penetration (e.g., subgluteal region) at the
expense of fine axial resolution. Therefore, probe selection
is always a trade-off between axial resolution and depth
of penetration. When performing a peripheral nerve
block, choose the probe and settings with the highest
possible frequency that will still afford adequate depth
penetration for imaging of the target nerve. See Figure 8
for an example of an ultrasound interface that allows the
operator to control the frequency (wavelength) of the
ultrasound. Most ultrasound systems allow the operator
to change through multiple frequencies for a given probe.

Lateral resolution (Fig 10) refers to the ma-
chine’s ability to distinguish 2 objects lying beside
one another, perpendicular to the ultrasound
beam.5 Lateral resolution is always worse than
axial resolution, thus contributing to more clini-
cal challenges. Despite the generated 2-dimen-
sional image, modern ultrasound machines emit a
3-dimensional ultrasound beam that diverges as
it propagates through the body (Fig 11). When
electronically launched in various sequences and

patterns, the collective beams generated from the
multiple piezoelectric elements in the transducer
will produce the 3-dimensional beam. The
shorter the distance between 2 adjacent element
beams, the better the lateral resolution. High fre-
quency and focused ultrasound beams generate
the narrowest beams, thus maximizing lateral
resolution.

Clinical pearls: The focal zone of the ultrasound beam,
indicated on most screen displays, represents the narrow-
est part of the beam and should be positioned at the exact
level of the target nerve. See Figure 8 for an example of
the focus button on an ultrasound machine. The focus
icon that is displayed on the ultrasound screen is shown
in Figures 4 and 5 of Part II.2

The limitations of temporal resolution may im-
pact the regional anesthesiologist. Temporal res-
olution is directly related to the frame rate of the
ultrasound machine. The frame rate of a system
characterizes how quickly an imaging device pro-
duces unique consecutive images called frames
(in our case an image of needle, nerve, and local
anesthesia). High frame rates are critical in cardiac

Fig 7. Attenuation. Attenuation is estimated as # # f #
path length, where f is the frequency of the ultrasound
wave and # is the attenuation coefficient. Notice the
lower frequency wave (2.5 MHz) has less attenuation at
a given distance when compared with the 10 MHz wave.
Thus, the 2.5 MHz wave is able to penetrate the tissue
more effectively than the 10 MHz wave.

Fig 8. An image of a typical ultrasound interface. (1) Probe
frequency control. In the depicted system and probe, the
frequency can be adjusted from 3 MHz to 12 MHz. The
wavelength can not be adjusted independently; however,
manual adjustments to frequency result in corresponding
changes in wavelength. (2) Overall gain button. This dial
changes how bright or dark the entire image appears. (3)
Depth control. The objective is to set the depth to just below
the target of interest, thereby optimizing temporal resolu-
tion. (4) Focus button. It is important to position the focus of
the ultrasound beam at the same level as the target of
interest. This will optimize both lateral and axial resolution.
(5) Time gain compensation. These toggle dials control the
gain at consecutive depth intervals. The top dials control the
superficial gain and the bottom dials control deeper gain.
Because attenuation occurs more with deeper imaging, the
typical pattern of the time gain compensation dials is a
progressive increase in gain as indicated in this figure.

Table 1. Attenuation Coefficients (at 1 MHz)

Material dB cm"1

Bone 20
Air 12
Muscle 1.2
Brain 0.9
Fat 0.6
Blood 0.2
Water 0.002
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ultrasound because of the rapid motion of the heart.
As the frame rate decreases, motion-related events
become progressively blurred. During nerve blocks,
motion occurs with probe movement, needle inser-
tion, and injection of local anesthesia. Therefore, dur-
ing these critical moments, a low frame rate could
result in an ambiguous image. The temporal resolu-
tion (frame rate) is limited by the sweep speed of the
ultrasound beam. In turn, the sweep speed of the
ultrasound beam is limited by the speed of sound
in tissue, as the ultrasound from the deepest as-
pects of the image must return to the probe be-
fore the next pulse is generated in the neighbor-
ing beam. The sweep speed can be increased by
reducing the number of individual piezoelectric
elements that make up the larger global beam
sector or by decreasing the sector scanning angle
(for phased array probes). The first option de-
creases the lateral resolution and the second de-
creases the image field width, underscoring the
fundamental concept that temporal resolution

cannot be increased without a compromise sec-
ondary to principles of physics.

Clinical pearls: The main maneuver the anesthesiolo-
gist can perform to improve the temporal resolution is to
decrease the imaging depth to just below the target(s) of
interest (Fig 8). Additionally, the injection of local anes-
thetic should be slow, so as to minimize high velocity
tissue movement which can blur the real-time image.

Color Doppler

Doppler technology allows for the identification
and quantification of blood flow. In essence, the
Doppler principle states that if an ultrasound pulse
is sent out and strikes moving red blood cells, the
ultrasound that is reflected back to the probe will

Fig 9. Axial resolution is the ability to discern objects
in-line with the axis of the ultrasound beam. The axial
resolution of an ultrasound wave is dependent upon
wavelength ("), frequency (f), and the speed of ultra-
sound in tissue (c). In human tissue c ! 1,540 m/sec, and,
therefore, " ! c/f. Axial resolution is roughly described as
one half of the pulse length in mm. (A) A low frequency
and a high frequency pulse (2-cycle pulse which is equal
to 2 ") propagating toward 2 rectangular objects. (B) The
waves returning toward the probe following the reflec-
tion off of the objects. The blue arrows depict the ultra-
sound pulse traveling toward the two objects and the red
arrows depict the ultrasound traveling back toward the
transducer. The lower frequency ultrasound has a wave-
length that is larger than the distance between the objects
(indicated by the black arrows). Therefore, the returning
signal from both objects will overlap, and, therefore, the
probe will interpret this signal as a single object. The
higher frequency pulse discerns 2 separate objects because
the wavelength is much shorter than the distance between
the 2 objects and the returning waves will not overlap.

Fig 10. Lateral resolution is demonstrated here for a
hypothetical linear ultrasound transducer. The ability for
the ultrasound machine to correctly display 2 objects as
separate structures depends on the relative distance be-
tween individual piezoelectric crystals versus the distance
between the objects. The top 2 structures in this example
will be imaged as one structure because each falls within
surrounding crystal beams. The red ovals indicate the
individual piezoelectric crystals. For illustration purposes,
this figure represents a fictitious situation in which there
is no focal zone or divergence of the ultrasound beam.

Fig 11. Characteristics of an ultrasound beam. The focal
zone is where the ultrasound beam width is narrowest
and demarcates the near zone (Fresnel zone) from the far
zone (Fraunhofer zone). It is also the area of the best
lateral resolution because the beam width is the narrow-
est at this location. Once the beam extends beyond the
focal zone, lateral resolution begins to deteriorate due to
divergence. This figure represents a prototypical electron-
ically-focused ultrasound beam.
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have a frequency that is different from the original
emitted frequency (Fig 12). This change in fre-
quency is known as the Doppler shift.6 It is this
frequency change that can be used in cardiac and
vascular applications to calculate both blood flow
velocity and blood flow direction.7 The Doppler
equation states that:

(2) Frequency shift ! (2 · V · F1)(cosine$) ⁄ c

Where V is the velocity of the moving object, Ft is
the transmitted frequency, $ is the angle of inci-
dence of the ultrasound beam and the direction of
blood flow, and c is speed of ultrasound in the
media.

Clinical pearls: The most important application of Dopp-
ler technology for the regional anesthesiologist is to confirm
the absence of blood flow in anticipated trajectory of the
needle, rather than the quantification of the actual velocity
or direction of this flow. Doppler information is complicated
by the frequent occurrence of artifact generation.2

Summary

In summary, in order to optimize clinical imaging
and to appreciate ultrasound-related pitfall errors

and artifacts, a solid understanding of the physics of
ultrasound is extremely helpful. A 3-dimensional
ultrasound beam is generated when many multi-
ple tiny piezoelectric crystals rapidly vibrate in
response to an electrical current. This ultrasound
energy is transmitted through tissue where it is
transmitted, reflected, scattered, refracted, and
attenuated. Fortunately, some of the reflected ul-
trasound returns to the probe to be converted
back to electrical energy. This electrical informa-
tion is processed by the system’s computer to
ultimately generate the 2-dimensional image.
The anesthesiologist has the ability to control image
quality and appearance by interfacing with the system
to change the characteristics of the ultrasound that is
being sent out such as the frequency, focus, wave-
length, and frame rate. In a similar fashion, the anes-
thesiologist has the ability to control how the return-
ing image is processed by adjusting such variables as
the gain and various proprietary post processing tech-
nologies.
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Artifacts and Pitfall Errors Associated With
Ultrasound-Guided Regional Anesthesia. Part II:
A Pictorial Approach to Understanding
and Avoidance

Brian D. Sites, M.D., Richard Brull, M.D., F.R.C.P.C., Vincent W. S. Chan, M.D.,
F.R.C.P.C., Brian C. Spence, M.D., John Gallagher, M.D.,
Michael L. Beach, M.D., Ph.D., Vincent R. Sites, M.D., Sherif Abbas, M.D.,
and Gregg S. Hartman, M.D.

The use of real-time ultrasound guidance in re-
gional anesthesia is growing in popularity. Par-

amount to the successful and safe use of ultrasound
is the appreciation and accurate interpretation of
common ultrasound-generated artifacts. An artifact
is any perceived distortion, error, or addition caused
by the instrument of observation (signal proces-
sor).1 Imaging artifacts can be considered display
phenomena, and, therefore, can potentially compli-
cate the planned procedure. There are 4 generic
categories of imaging artifacts:2 (1) Acoustic: error
in presentation of ultrasound information; (2) An-
atomic: error in interpretation (often called “pitfall”
error); (3) Optical illusion: error in perception; and
(4) Other: electrical noise.

This article builds on the fundamental principles
of ultrasound physics that are discussed in Part I of
this article.3 The objective of this article is to de-
scribe and illustrate many of the acoustic and ana-
tomic artifacts commonly encountered by the re-
gional anesthesiologist. In the process, we will offer
underlying physical explanations and describe prac-
tical tips on how to negotiate these often misleading
phenomena.

Acoustic Artifacts

Acoustic artifacts associated with performing re-
gional anesthesia can be further subdivided into 2
major categories: (1) Missing or falsely perceived
structures; and (2) degraded images. The reader
should note that different imaging artifacts may
have the same underlying physical mechanism.

Missing Structures or Falsely Perceived Objects

Overgain and undergain artifacts. Inappro-
priately low gain settings may result in the apparent
absence of an existing structure (i.e., “missing struc-
ture” artifact), whereas inappropriate high gain set-
tings can easily obscure existing structures.

Example 1: Figure 1 represents two identical im-
ages of the interscalene brachial plexus with the over-
all gain set too high (Fig 1A) and too low (Fig 1B).

Example 2: The incorrect use of the time gain
compensation (TGC) dials can create an image
wherein existing structures appear absent. In Figure
2, the fourth TGC button was turned down too low,
effectively abolishing the image of the nerve roots.
When the TGC was set correctly (Fig 3), the C5
through C7 nerve roots can easily be seen.

Clinical pearls: Gain adjustments are fraught with
potential artifact generation. Take advantage of the abil-
ity to control overall gain levels and TGC. Adjust the gain
settings to optimally define the structure of interest. The
usual pattern of the TGC dials is depicted in Figure 3B,
with a gradual increase in signal intensity; the near field
gain is turned down and the far field gain is increased in
a progressive fashion.

Lateral resolution artifacts. Lateral resolu-
tion refers to the system’s ability to distinguish 2
objects from one another when they exist in a
lateral to medial relationship.

Example 1: Figure 4B demonstrates the common
peroneal and tibial nerves as they appear in short
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axis in the popliteal fossa. Given that these struc-
tures are superficial, the system is set to a high
frequency (12 MHz). In addition, the ultrasound
beam is electronically focused (creating the narrow-
est beam as possible) at the exact depth of the
nerves. The two nerves clearly appear as separate
hyperechoic structures. Figure 4A demonstrates
what happens when the frequency is reduced (8
MHz) and the beam is incorrectly focused proximal
to the neural structures. Now the neural images
appear less like 2 distinct structures due to the
degradation in lateral (and axial) resolution. Figure 5
demonstrates the degradation in the resolution of
the popliteal sciatic nerve with incorrect focus
settings.

Clinical pearls: Electronically focus the ultrasound
beam on the structure of interest. Select the highest fre-
quency probe that still allows adequate penetration to the
depth of the structure of interest. Many ultrasound ma-
chines have the ability to generate multiple focal zones for
the simultaneous imaging of several structures at different
depths.

Acoustic shadowing. Acoustic shadowing oc-
curs when a structure has a larger attenuation co-
efficient than the tissue that lies deep to it, causing
the deeper tissue to appear far less echogenic than
normal. Acoustic shadowing occurs most notably
when seeking a target that lies deep to bone. The
appreciation of acoustic shadowing is critical to the
performance of safe and effective ultrasound-guided
regional anesthesia. We will therefore present 5 ex-
amples spanning the spectrum of regional anesthesia.

Example 1: This is a case of acoustic shadowing
caused by bone during spinal imaging in prepara-
tion for a neuraxial blockade. The acoustic shadow
generated by the adult spinous process impedes the
penetration of the ultrasound waves, resulting in
the inability to reliably visualize the ligamentum
flavum, epidural space, and dura (Fig 6). The larger
intervertebral spaces combined with less densely
ossified childhood bone cause less acoustic shadow-
ing and enable visualization of these important
structures.4

Clinical pearls: The acoustic shadows produced by the
spinous processes and lamina can help the operator iden-
tify the midline when performing neuraxial blockade,
especially in obese patients. The operator may opt for
needle insertion either above or below the level of any
spinous process. Traditional endpoints for confirmation of
correct needle location into the epidural or intrathecal
space should always be employed.

Example 2: Acoustic shadowing created by the
first rib in the supraclavicular region. Acoustic shadow-

Fig 1. Incorrect overall gain settings. This is a short axis
view of the brachial plexus. (A) Overall gain set too high.
(B) Overall gain set too low. AS, anterior scalene muscle;
C5, C6, C7, the fifth through seventh cervical nerve roots;
MS, middle scalene muscle.

Fig 2. Incorrect use of the time gain compensation dials.
(A) The ultrasound image is the short axis view of the
interscalene brachial plexus. The nerve roots are now
apparently missing. The arrow points to the band of
hypoechoic tissue created by the incorrect use of the
fourth time compensation button. (B) Note that the
fourth time gain compensation dial is turned down, cre-
ating the band of undergain that eliminates the C5, C6,
and C7 nerve roots. AS, anterior scalene muscle; MS,
middle scalene muscle.

Fig 3. The correct time gain compensation (TGC) set-
tings. (A) The C5 through C7 nerve roots are now easily
seen with the TGC settings. (B) The diagonal arrow indi-
cates the typical pattern for the TGC dials, with a progres-
sive increase (right shift) for the deeper structures. AS,
anterior scalene muscle; MS, middle scalene muscle.
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ing can lead to the erroneous assumption that there
exist no structures of interest in an anechoic (black)
region. In the performance of a supraclavicular nerve
block, the goal of the ultrasound exam is to visualize
the subclavian artery, the first rib, and the trunks or
divisions of the brachial plexus. The important struc-
ture to avoid contact with is the pleura which should
exist immediately below the first rib. However, be-
cause the rib shields the pleura from the ultrasound
beam, no anatomical information is provided (Fig 7).

Clinical pearls: Never insert the needle into the ane-
choic region deep to the first rib because the location of the
pleura cannot be identified.

Example 3: Acoustic shadowing created by air
during local anesthetic injection. In this dramatic
case of acoustic shadowing, a popliteal sciatic nerve
block was aborted secondary to the presumed dam-

age to the sciatic nerve. Fig 8 shows the sciatic
nerve before the injection. Fig 9 shows the nerve
after 10 mL of local anesthetic was injected. The
sciatic nerve appears to have been physically dis-
sected in half. The most likely explanation for this
acoustic shadow is an air bubble located at the tip
of the needle. In the video loop of this block,
when the needle is removed from the patient, the
nerve appears to suddenly reform (see Appendix,
Video 1). A small amount of air serves as the
perfect medium to generate a dropout shadow, as
air does not conduct ultrasound.

Fig 4. This image demonstrates the impact of lateral resolution on the ability to image the common peroneal nerve (CP)
and tibial nerve (TN) in short axis in the popliteal fossa. (B) A short axis image of these nerves. The frequency is set at
12 MHz because the structures are superficial. The beam is electronically focused at the depth of the neural structures.
Note that you can clearly delineate 2 separate nerves. (A) Inaccurate imaging of the same structures, which were easily
seen in (B). In this image, the frequency was reduced to 8 MHz and the focus was placed superficial to the nerves. The
arrowheads indicate the two nerves. The arrows indicate the focal zone (narrowest point) of the ultrasound beam.

Fig 5. This is the short axis image of the sciatic nerve in
the popliteal fossa showing the impact of the focus on
image quality of a single structure. In (A), with the focus
set correctly, the sciatic nerve is well defined. In (B), the
focus is set incorrectly, thereby greatly degrading the
image. The focus location is indicated by the {. With this
particular system, there are multiple focal zones, explain-
ing the three icons on the right side of the screen.

Fig 6. Ultrasound image of the structures seen in the
lumbar region during the performance of an ultrasound-
guided epidural placement. The bony structures, namely
the spinous process (SP) and the lamina (L) act as
strong specular reflectors. Ultrasound is unable to pass
through the bone and a hypoechoic acoustic shadow
(drop out) is thus generated deep to the bone. This
precludes the ability to easily image the spinal cord. TP,
transverse process.
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Clinical pearls: When you suspect that the anatomy is
erroneous secondary to needle or air-induced acoustic
shadowing, simply move the needle or reposition the
probe slightly to allow the ultrasound waves to bypass the
obstruction from air or metal. Further, the operator
should pay careful attention to remove all air from the
injection syringes.

Example 4: This is an example of acoustic shad-
owing created by a 19-gauge needle during an out-
of-plane approach to place a continuous femoral
nerve catheter. In this example, the needle crossed
the ultrasound beam in a perpendicular manner
creating a linear acoustic shadow transecting the

nerve (Fig 10). This acoustic shadow is helpful be-
cause it tells the operator that the needle is correctly
aligned in the lateral-medial plane. However, be-
cause the exact location of the needle tip is un-
known (in the anterior-posterior plane), an alter-
native endpoint for injection or catheter threading
is necessary (such as nerve stimulation).

Clinical pearls: Search for an acoustic shadow
(transecting the target nerve) when inserting a needle
using the out-of-plane technique. This will help to con-
firm the correct lateral-medial location of the needle rel-
ative to the target nerve. The operator should appreciate
the limitations of the out-of-plane technique, primarily,

Fig 7. Ultrasound image of the structures seen during the
performance of a supraclavicular nerve block. Note that
although it is very easy to visualize the subclavian artery
(SA), the nerves, and the first rib, one cannot image the
pleura or lung. This is because the first rib acts like a
specular reflector and a complete acoustic shadow (drop
out) occurs deep to the rib. The arrows indicate the
divisions of the brachial plexus.

Fig 8. Ultrasound image of the sciatic nerve as seen in
short axis in the popliteal fossa. The nerve appears as a
large and round hyperechoic structure. The triangles in-
dicate the needle as it is approaching the nerve.

Fig 9. After 10 ml of local anesthetic injection, the nerve
appears to split in half. An acoustic shadow was most
likely generated by an air bubble at the needle tip. This
acoustic shadow is easy to see passing right through the
nerve and into the anterior tissues.

Fig 10. Ultrasound image of the infrainguinal structures
as seen in short axis. There is an acoustic shadow (arrow)
associated with the needle being advanced using the out-
of-plane technique. The nerve appears falsely to have
been separated into 2 structures. The dropout shadow is
an indication that the needle tip or shaft has crossed the
ultrasound beam. FA, femoral artery; FV; femoral vein; N,
femoral nerve.
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the inability to confirm the real-time exact location of the
needle tip. See Figure 6 of Part I3 for the comparison of
in-plane versus out-of-plane techniques.

Example 5: Acoustic shadowing may not only
hide important structures or distort normal anat-
omy (as in examples 1-4), it may also be a sign of
serious patient pathology. For example, calcified
arterial plaques act as strong specular reflectors that
generate distinct acoustic shadows deep to the
affected artery. Because most ultrasound-guided
nerve blocks make use of the intimate association of
nerves and blood vessels as an important reference
point, the regional anesthesiologist will inevitably
be confronted with the primary discovery of vascu-
lar pathology. In addition, if a transarterial tech-
nique is contemplated, one may wish to choose
another approach if acoustic shadowing is identified
related to a blood vessel of interest. Figure 11 shows
an acoustic shadow associated with an atheroscle-
rotic plaque of the right femoral artery discovered
during the placement of a single injection femoral
nerve block. Figure 12 shows another acoustic
shadow associated with an atherosclerotic lesion of
the right carotid artery discovered during the place-
ment of an interscalene catheter. The hyperechoic
plaque is also well visualized.

Clinical pearls: If an acoustic shadow is identified re-
lated to a blood vessel, further clinical evaluation may be
needed to assess for significant vascular disease. This may
be most important for patients in whom the regional
anesthesiologist may traumatize the blood vessel during
the performance of the nerve block.

Acoustic enhancement. Acoustic enhance-
ment occurs when a region behind a weakly atten-
uating structure produces stronger echoes than

those observed from adjacent tissues. Enhancement
artifacts commonly occur when ultrasound waves
pass relatively unattenuated through blood vessels
(weak attenuators), resulting in false enhancement
of the adjacent deeper tissue. Because many periph-
eral nerves are associated with large blood vessels,
acoustic enhancement is a common finding.

Examples 1 and 2: Enhancement artifact in the
region of the infraclavicular and axillary brachial
plexus can be most misleading as the tissue immedi-
ately behind the posterior wall of the axillary artery
often appears very hyperechoic and is easily mistaken
for either the radial nerve (axillary block; Fig 13) or
the posterior cord (infraclavicular block; Fig 14).

Clinical pearls: Because acoustic enhancement can
make it difficult to definitively visualize either the radial
nerve or the posterior cord of the brachial plexus, it may
be important to use an additional confirmation technique
such as nerve stimulation.

Absent blood flow when blood flow actually
exists. Doppler is an important technology in
screening for vascularity of a region. However, as is
true for 2-dimensional imaging, the assessment of
blood flow has the potential for artifact generation.
The major concern for the regional anesthesiologist
is to falsely conclude that a structure is not a blood
vessel when no flow is seen. As explained in Part I,3

Doppler technology allows for the assessment of
both velocity and directionality of blood flow. The
complicating factor is that for accurate analysis,
blood flow should be parallel to the ultrasound
beam.5 This is based on the Doppler equation
(Part I, Fig 63). In most cases, the regional anesthe-
siologist is imaging blood vessels on short axis, and,

Fig 11. Ultrasound image of the femoral artery in short
axis showing an atherosclerotic lesion. This pathology
was identified during the performance of a femoral nerve
block. Note the hyperechoic plaque and the acoustic
shadow. Calcium deposits in the plaque act as strong
specular reflectors. FA, femoral artery.

Fig 12. Ultrasound image of the carotid artery in long
axis showing an atherosclerotic lesion. This pathology
was identified during the performance of an interscalene
catheter. Note the hyperechoic plaque and the character-
istic acoustic shadow.
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therefore, the blood flow is completely perpendic-
ular to the ultrasound beam. As the angle of inci-
dence of the beam and the blood flow approaches
90 degrees, the cosine of this angle approaches zero
(see Doppler equation3), thereby creating an arti-
fact of no flow.

Clinical pearls and example: Figure 15 shows the left
carotid artery and internal jugular vein (IJ) as imaged on
short axis in the mid neck. Figure 15A reveals no blood
flow in the IJ, whereas Figure 15B clearly suggests blood
flow. The only difference between Figures 15A and B is
that the probe handle was tilted slightly cephalad, thus
changing the angle of incidence (between the ultrasound
beam and the blood flow) from near 90 degrees to less
than 90 degrees. This change in angulation allows for
maximal return (to the probe) of the ultrasound waves
that have shifted frequency (i.e., Doppler shift). This
Doppler shift is represented as blood flow on the screen
display. The operator should note that the appearance of
blood flow will also be dependent on the scale set to
evaluate velocities and the color gain settings. In this
example, the scale was set at 10 cm/s which is a relatively
low setting for a large artery. Low scales and higher color
gain will tend to increase the sensitivity to detect flow.

Degraded Images

Image degradation may be the result of user in-
terface issues, but can often be the result of a phe-
nomenon known as reverberation. Reverberations
occur as the result of ultrasound waves bouncing
back and forth between two strong specular reflec-
tors. The result is usually multiple linear and hy-
perechoic areas emanating distal to the reflecting
structures. When multiple reverberation artifacts
are merged, this has been referred to as the comet
tail sign.6

Needle reverberation artifact. Example 1:
Although there are many reverberation artifacts
described in the cardiac literature7 the most rele-
vant reverberation artifact for the regional anesthe-
siologist involves 2 specular reflectors: the probe
itself and the block needle. A depiction of an 18-
gauge needle inserted in-plane with the ultrasound
beam is elsewhere in this issue (Part I, Fig 5A3).
Under the needle are seen multiple and equally
spaced linear densities that represent ultrasound
waves bouncing back and forth within the lumen of
the needle. When the ultrasound energy finally
returns to the probe to be processed, a duplicate
image of the needle will be displayed on the screen.
This duplicate image will appear deeper than the pri-
mary (actual) needle because more time has elapsed
for the ultrasound energy to return to the probe. The
mechanism of the reverberation artifact is depicted in
Figure 16.

Example 2: Figure 17 illustrates the in-plane ap-
proach for a musculocutaneous nerve block. The
needle is inserted through the biceps muscle. Due to
a reverberation artifact involving the needle, the
22-gauge b-bevel needle appears larger than it
should. In addition, the exact tip location is ob-
scured secondary to this size discrepancy.

Clinical pearls: Reverberation artifacts occur to a larger
degree when the needle is completely perpendicular to the
ultrasound beam. Therefore, if the angle of incidence is
adjusted to less than 90 degrees, there will be less artifact
(illustrated in Fig 5B of Part I3). The operator should
keep in mind that as the needle becomes less perpendic-

Fig 13. Ultrasound image of the structures in short axis
as seen in the axillary fossa. Acoustic enhancement of the
tissue immediately posterior to the blood vessel is indi-
cated by the arrow. This hyperechoic area can easily be
mistaken for the radial nerve (R) which is actually lying
adjacent to the artery. A, axillary artery; M, median
nerve; MCN, musculocutaneous nerve; U, ulnar artery.

Fig 14. Ultrasound image of the structures in short axis
as seen in the infraclavicular fossa. Acoustic enhance-
ment of the tissue posterior to the blood vessel can be
seen. This generates confusion as to the exact location of
the posterior cord (P) of the brachial plexus. A, axillary
artery; L, lateral cord; M, medial cord; PMa, pectoralis
major muscle; PMi, pectoralis minor muscle; V, axillary
vein.
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ular to the ultrasound beam, the needle shaft will also
become more difficult to visualize. The other helpful tactic
is to reduce the far gain in an effort to darken the
duplicate images of the needle.

Tissue reverberation artifact. Example 1:
Multiple reverberations generated by the pleura in
the infraclavicular region can produce a comet tail
sign (Fig 18A). Hyperechoic streaks (“comets”) em-
anating from a strong specular reflector such as the
pleura should alert the provider that the planned
point of entry is too medial or that the plane of
imaging is too oblique, thereby prompting the re-
positioning of the probe prior to needle insertion.
Figure 18B is an example of the comet tail sign
associated with the subclavian artery identified dur-
ing a supraclavicular block.

Example 2: A linear artifact is generated when a
linear tissue plane participates in a reverberation
process which generates a reproduction of the

Fig 15. Ultrasound image of the short axis view of the internal jugular vein (IJ) being analyzed with color flow Doppler. (A) There
appears to be no blood flow in the IJ. This artifact was generated because the angle of incidence between the ultrasound beam and
the blood flow approached 90 degrees. Blood flow, however, can be visualized by tilting the probe handle toward the patient’s head.
This will create an angle of incidence greater than 90 degrees, and some blood flow will be revealed (B). CA, carotid artery.

Fig 16. Reverberation artifact, detailed in a stepwise man-
ner. Each number above the needle (top) has a correspond-
ing number on the ultrasound screen (bottom) to graphi-
cally represent the result of different reverberation events.
The original ultrasound beam contacts the needle and is
reflected back to the probe correctly (1). In addition, part of
the ultrasound beam penetrates the hollow needle and is
reflected back to the probe from the distal wall of the needle
(2). However, a component of the ultrasound beam be-
comes “stuck” within the needle lumen because the needle
walls are highly reflective barriers. This signal component is
reflected between the needle walls several times before
“escaping” back to the probe (3), (4). Thus, the probe inter-
prets these later occurring signals as objects distal to the needle
at intervals which are multiples of the needle diameter.

Fig 17. Ultrasound image of the musculocutaneous
nerve (N) imaged in short axis in axillary fossa. The
needle (only a 22-gauge b-bevel) can be seen in long axis
just anterior to the nerve. The reverberation artifact
makes the needle appear larger than it is and obscures the
exact tip location. Local (L) anesthesia can be seen sur-
rounding the nerve. The triangles indicate the needle
location.
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image deep to its actual location. Figure 19 rep-
resents the performance of an interscalene nerve
block. The C5 nerve root can be easily visualized
prior to injection (Fig 19A). Postinjection (needle
not present), there appears to be a physical struc-
ture now present within the center of the C5 nerve
root (Fig 19B). This artifact most likely resulted
from a reverberation process associated with the
relative echogenicity of a fascial layer above the
brachial plexus. Following the injection of local an-
esthesia, the ultrasound waves are now reflected
back and forth between this fascial layer and an-
other specular reflector (most likely the probe it-
self). The end result is the depiction of the fascial
layer at an erroneous position through the C5 nerve
root.

Clinical pearls: The comet tail sign (example 1) can be
helpful as an alert to the provider that a strong specular
reflector (e.g., bone or pleura) exists in the region of the
proposed needle trajectory. To help confirm that a suspi-
cious structure is a reverberation artifact, increase the
pressure applied to the probe against the skin. This pres-
sure application should move (or eliminate) a linear
artifact to a more superficial location (because the distance
to the primary specular reflector has been decreased).
Following probe pressure in example 2, the artifact dis-
appeared. If there truly were a lesion within the C5 nerve
root, then it would still appear at the original location
within the C5 nerve root.

Example 3: “Double-barreled subclavian artery.”
A similar artifact has been reported in the cardiac
ultrasound literature for the aorta. Ultrasound may
bounce back and forth within the lumen of an
artery, generating a duplication of the 2-dimen-
sional image of the subclavian artery with the arti-
fact existing deep to the actual structure. This du-
plication will also occur with Doppler flow.
Figure 20 shows a mirror image artifact involving
the subclavian artery seen during the performance
of a supraclavicular block.

Clinical pearls: When performing a supraclavicular
block, neural structures should be found adjacent to the
more superficial (nonartifact) artery. If a needle is in-

Fig 18. (A) The comet sign visualized during preparation
for an infraclavicular blockade. The streaks (“comets”)
indicated by the arrows represent the convergence of
multiple reverberations generated by the first rib imaged
obliquely in the infraclavicular region. The unlabeled
arrow indicates the comet tail. Slight repositioning of the
probe to the sagittal plane causes these artifacts to disap-
pear. (B) Classic comet tail sign involving structures com-
monly seen during a supraclavicular block. AA, axillary
artery; AV, axillary vein; PL, pleura; PMJ, pectoralis ma-
jor; SA, subclavian artery.

Fig 19. (A) Ultrasound image of the interscalene brachial
plexus imaged in short axis during the performance of an
interscalene nerve block. Only the fifth cervical nerve
root (C5) is visualized. Prior to the injection, the C5 nerve
root was visualized and appeared normal. (B) Following
injection, there appeared to be a new structure within the
center of the nerve root. This represents a linear artifact
generated by a reverberation event involving a more
hyperechoic structure anterior to the nerve root. With
the application of probe pressure, the artifact disap-
peared. MS, middle scalene; SCM, sternocleidomastoid
muscle.

Fig 20. A reverberation artifact showing a duplication of
the subclavian artery (SA) found during a supraclavicular
block. The artifact exists for both the 2-dimensional im-
age and the Doppler analysis. The artifact is the structure
that is more posterior.
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serted towards the deeper (artifact), a pneumothorax will
likely ensue.

Bayonet artifact. The term Bayonet artifact
was coined by Gray et al.8 and first reported with
respect to a transarterial axillary plexus block. An ex-
ample of a Bayonet artifact is illustrated in Figure 12
captured during a popliteal sciatic block performed
with the patient in the supine position. The needle
is inserted in-plane and almost completely perpen-
dicular to the ultrasound beam. The ultrasound
image suggests that the needle itself appears broken
or bent. This degraded image artifact is generated
due to the subtle differences in the speed of ultra-
sound in various biological tissues. Although we
generally assume that ultrasound travels at 1,540
meters per second inside the human body, the re-
ality is that ultrasound wave velocity varies slightly
with different tissues.9 In Figure 21, the needle
travels through muscle and into the adipose tissue
surrounding the sciatic nerve. The apparent bend in
the needle occurs because the speed of ultrasound
in adipose tissue is slower than that in the sur-
rounding muscle. Therefore, the needle appears to
bend away (anterior) from the probe. When ultra-
sound velocity is reduced, it takes longer for the
waves to return to the probe. Based on the basic
formula of distance equals velocity multiplied by
time, the machine will register the part of the nee-
dle in the adipose tissue as deeper than the part of
the needle in the muscle. This creates the bending
appearance. The direction of the bend in the needle

is opposite to that presented by Gray8 in which the
needle bends toward the probe, because the speed
of ultrasound in blood is faster than in the sur-
rounding nerve sheath.

Probe-skin artifact. Because air does not con-
duct ultrasound, the probe faceplate must fully con-
tact the skin without any interfacing air. This is the
reason that a conductive gel is often placed between
the probe faceplate and the skin. Two situations can
arise that generate significant dropout. The first
case can occur when only a portion of the probe
footprint is able to make contact with the skin due
to size mismatch between the breadth of the foot-
print and the anatomical region to be imaged, as
commonly occurs during tibial nerve block at the
ankle or ulnar nerve block at the wrist. The latter is
illustrated in Figure 22. This may preclude the abil-
ity to image the progress of the needle if it is in-
serted from the side of the dropout shadow. When
complete contact is made between the entire probe
footprint and the skin (Fig 23), the dropout shadow
is eliminated. The second case of dropout can occur
when air pockets are contained between the plastic
probe cover and the probe footprint.

Clinical pearls: Careful probe positioning, appropriate
probe selection, and placement of generous amounts of
ultrasound transmission gel should eliminate most of the
skin-to-probe dropout artifacts.

Anatomic Artifacts

Anatomic artifacts are tissue structures–either
normal or aberrant–that may resemble the target
nerve and thus mislead the operator into pursuing
the wrong target. These errors in interpretation are
often referred to as “pitfall errors.” The common
solutions to all pitfall errors are to: (1) trace the
target nerve along its expected anatomic course;
and (2) use a peripheral nerve stimulator as an
adjunct to confirm the target’s identity.

Fig 22. The incorrect position of the probe on the skin
(A) can generate a large dropout shadow (B) which could
complicate the performance of an ulnar nerve (UN) block
in the mid forearm. UA, ulnar artery.

Fig 21. Ultrasound image of the sciatic nerve (SN) in the
popliteal fossa imaged in short axis. The hyperechoic
round sciatic nerve can easily be seen. The needle is
inserted from the lateral aspect of the patient. As the
needle enters the perineural adipose tissue, it appears to
bend in an anterior fashion. This artifact is generated by
the subtle differences in the velocity of ultrasound in
adipose and muscle tissue. The arrowheads indicate the
needle. The arrow indicates the bending point on the
needle.
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Tendons and Muscles

Chief among the pitfall errors is mistaking a ten-
don for the target nerve. The ultrasound appearance
of nerves and tendons can appear indistinguishably
similar. With experience, the ultrasonographer will
appreciate the subtle hyperechoic continuous fibrils
that comprise a tendon compared with the hypo-
echoic fascicles inside a nerve.10 Flexor tendons can be
easily mistaken for the median nerve when perform-
ing a distal forearm median nerve block as depicted in
Figure 24. In the forearm, the tendons appear more
irregular and less oval in comparison with the median
nerve.

Muscles can confuse the performance of an ul-
trasound-guided nerve block as well. This com-
monly occurs in the popliteal fossa. The common
peroneal, tibial, and sciatic nerves have very similar
ultrasound appearances when compared with the
surrounding biceps femoris, semitendinosus, and
semimembranosus muscles. One can appreciate this
similarity in Figure 25, depicting an image of the
popliteal fossa after the division of the sciatic nerve.
The operator can easily distinguish the nerve from
the surrounding muscle by appreciating the inter-
positioned adipose tissue (indicated in Fig 25). Ad-
ipose tissue is more hypoechoic than either the
nerve or the muscle, and, therefore, creates a dis-
cernable interface. In our experience, the most
challenging popliteal blocks to perform are in ath-
letes with well developed muscles and little adipose
tissue. The sciatic nerve of an athlete as imaged
proximally in the popliteal fossa is shown elsewhere
in Figure 3 of Part I.3 The difficulty in distinguishing
the sciatic nerve from the surrounding muscle is
due to the paucity of surrounding adipose tissue.

Muscles can actually be confused for major blood
vessels. Figure 26 shows the anatomy commonly
encountered during a supraclavicular approach to
the brachial plexus. In this patient, a structure ap-
pears in long axis situated anterior to the brachial
plexus. Due to the tubular and anechoic appear-
ance, this structure appears virtually identical to a
large caliber blood vessel. This structure is the infe-
rior belly of the omohyoid muscle and Doppler
interrogation will reveal no blood flow. The inferior
belly of the omohyoid muscle is a helpful landmark
in localizing the nerves which usually lie just pos-
terior to the muscle.

Fig 23. The correct way to place the probe on the skin
(A) to generate a complete image without dropout (B).
The is important because the needle is commonly in-
serted in-plane from the ulnar (i.e., medial) side of the
probe. In situations similar to Figure 23, the approaching
needle may not be visualized. UA, ulnar artery; UN, ulnar
nerve.

Fig 24. Ultrasound image of the median nerve (N) im-
aged in short axis in the distal forearm. Note the similarity
in echogenicity of the tendons and nerve. The triangles
indicate the tendons. The nerve becomes rounder and
separates from the tendons as the probe is moved more
proximally in the arm.

Fig 25. Short axis ultrasound images of the structures
found in the popliteal fossa including the common pero-
neal (CPN) and the tibial (TN) nerves. Note the similarity
of the nerves to the surrounding muscle. The only aspect
of this image that supports the ability to identify the
nerves is the small layer of adipose tissue that separates
muscles from nerves. BFM, biceps femoris muscle; STM,
semitendinosus muscle.
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Blood Vessels

Blood vessels are not usually mistaken for nerves
because there are several key identifying features
that differentiate one from the other. In general,
nerves are echogenic, whether hypoechoic or hy-
perechoic relative to the surrounding tissue, while
blood vessels are uniformly anechoic structures.
Second, arteries can be seen to pulsate and resist
compression. Conversely, veins do not pulsate and
are easily compressible. Importantly, nerves appear
nonpulsatile and are not compressible. Finally,
color Doppler can detect blood flow within an im-
aged structure, thereby positively identifying it as a
blood vessel. Color Doppler may be especially
important to help differentiate artery from nerve
when performing an ultrasound-guided inter-
scalene brachial plexus blockade. Unlike most
other nerves in the body, the roots of the brachial
plexus can appear perfectly round and anechoic.
A small caliber noncompressible artery in the
neck may be dangerously mistaken for a nerve
root, as evidenced in Figure 27. In this case, color
Doppler promptly identified the hazardous vascu-
lar structure. In addition, the supraclavicular
block in Figure 28 and Video 2 (see Appendix)
was aborted in favor of an infraclavicular block
secondary to anomalous hypervascularity surround-
ing the brachial plexus.

Sometimes, however, even color Doppler can fail
to identify a blood vessel, as was the case in Figure
29, which depicts a thrombosed internal jugular
vein. A thrombosed vein is noncompressible with
internal hypoechoic shadows, not dissimilar from
the appearance of a nerve. Whenever basic ma-
neuvers (compression), defining features (internal
echogenicity), and color Doppler fail to identify a
structure of interest, the operator must remember
to trace the structure proximally and distally as well
as use a nerve stimulator for definitive confirma-
tion. In addition, it is useful to scan the anticipated
path of the needle with color Doppler prior to nee-
dle insertion. This will help (as in Figure 28) to

Fig 26. Short axis view of the brachial plexus and sub-
clavian artery in the supraclavicular fossa. The triangles
outline an anechoic structure resembling a large blood
vessel imaged in long axis. This structure is actually the
inferior belly of the omohyoid muscle. The divisions of
the brachial plexus are sandwiched between the omohy-
oid muscle anteriorly and the first rib posteriorly, as
indicated in the cartoon. A, subclavian artery.

Fig 27. (A) The interscalene brachial plexus imaged in
short axis. Color Doppler interrogation (B) revealed that
what we thought was the C5 nerve root was actually a
small artery (noncompressible with light probe pressure).

Fig 28. Short axis view of the supraclavicular fossa.
Screening with color flow Doppler is an important safety
addition to any nerve block. Here we discovered unex-
pected and anomalous arterial vascularity. This vascular-
ity was not appreciated until we scanned the area with
color Doppler. The procedure was aborted and changed to
an infraclavicular block. A, subclavian artery.
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identify any unnamed and unsuspected vascular
structures.

Lymph Nodes

For the regional anesthesiologist, inflamed lymph
nodes may complicate ultrasound-guided periph-
eral nerve blockade in the cervical, axillary, and
inguinal regions. There are several sonographic fea-
tures that can help to differentiate lymph nodes
from nerves. Inflamed lymph nodes are generally
large noncompressible, well circumscribed, round
anechoic structures with small internal hypoechoic

oval-shaped opacities, which are representative of
intranodal necrosis.11 Figure 30 depicts inguinal
lymphadenopathy incidentally encountered upon
performing a femoral nerve block in a patient pre-
senting for a total knee arthroplasty. Upon re-
cognition of the lymphadenopathy, the operators
decided to perform a single injection procedure
instead of the originally planned continuous femo-
ral nerve catheter. Figure 31 shows a lymph node
that was initially mistaken for a venous thrombosis
involving the saphenous vein in the infrainguinal
region. Finally, lymph nodes have a very similar
appearance to nerves in the axilla and as such can
confound the performance of an ultrasound-guided
axillary block. In these situations a nerve stimulator
may be indispensable to physiologically distinguish
a lymph node from nerve.

Nerves

How can we be fooled by the target nerve itself?
Commonly, the operator can easily identify the tar-
get nerve in a particular location, but while manip-
ulating the probe to optimize the image quality, the
nerve suddenly disappears. There are 2 explana-
tions for this apparent vanishing act.

First, peripheral nerves are highly mobile struc-
tures that can change position with even small
amounts of pressure routinely applied to administer
a peripheral nerve block. This phenomenon was
aptly described by Retzl and colleagues who dem-
onstrated the varying location of the median nerve
relative to the axillary artery with gentle pressure
applied by the ultrasound probe.12 Further, text-

Fig 29. An occluded internal jugular vein found during
the performance of an interscalene nerve block. Color
Doppler flow demonstrated no flow and the vessel did
not compress with light probe pressure. Note the hypere-
choic thrombus found in the normally anechoic lumen.
CA, carotid artery.

Fig 30. Ultrasound appear-
ance of lymphadenopathy
found in the inguinal region
during the performance of a
femoral nerve block. Lymph
nodes (LN) often have a
heterogeneous ultrasound
appearance. They may be
round, oval, and have
septi (as in this case).
They can easily be con-
fused for neural tissue or
occluded veins (Fig 31).
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books traditionally designate the area posterior to
the axillary artery as the location of the radial
nerve, but ongoing experience with ultrasound is
teaching us that the location of the radial nerve is
highly variable. Further, as Figure 32 shows, the
ulnar nerve is often located at a significant distance
from the axillary artery. In this patient, the ulnar
nerve was 3.5 cm away from the axillary artery
during the performance of an axillary block. Nerve
stimulation was used to confirm that this was truly
the ulnar nerve.

Secondly, there is the issue of reflection and re-
fraction of ultrasound energy. The only way an
image can be displayed on the ultrasound screen is
if ultrasound reflects off of a nerve and successfully
returns to the probe. If a significant portion of the
ultrasound energy bounces off of the nerve and is
transmitted away from the probe, then the image of
the nerve will either be degraded or completely
missing. Figure 33 shows how subtle angulations of
the probe can either degrade or optimize the neural
image. The amount of ultrasound reflected or re-
fracted depends on the angle at which the ultra-
sound beam hits the interface between different
objects (media). As the angle of incidence nears
90 degrees (perpendicular to the structure of in-
terest), a higher percentage of reflected ultra-
sound successfully returns to the probe. There-
fore, the operator should sweep the beam
through an arc to try to generate a situation
which optimizes the image.

Edema

The regional anesthesiologist performing extremity
blocks will inevitably encounter patients with signifi-
cant peripheral edema. This edema may physically
distort the neural anatomy (depth change), mask hy-
poechoic structures, dilute the local anesthetic injec-
tion, and possibly alter nerve stimulation thresholds.
Figure 34 shows mid calf edema in a patient having a
mid calf saphenous nerve block. In this case the op-
erators were unable to find the saphenous nerve or
saphenous vein due to the severity of the edema.

Alternatively, edema may sometimes facilitate
the image localization of a nerve. That is, a nerve
that appears primarily hyperechoic (e.g., sciatic),
may become prominently outlined by the hypo-

Fig 31. Ultrasound appearance of an inguinal lymph
node discovered during the performance of a continuous
femoral nerve catheter. We originally believed this struc-
ture to be an occluded saphenous vein. However, patency
of the saphenous vein was later confirmed. The anechoic
outer ring of the lymph node (indicated by the arrows)
represents perinodal edema, whereas the more echogenic
interior represents the soft tissue aspects of the node. FA,
femoral artery.

Fig 32. Ultrasound ap-
pearance of the axillary
brachial plexus as imaged
in short axis. The operator
identified the ulnar nerve
3.5 cm away from the ax-
illary artery (a). Due to this
distance from the artery,
nerve stimulation was
used to confirm that this
structure was truly the ul-
nar nerve (U). M, median
nerve.
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echoic edema fluid. This is analogous to the injec-
tion of ultrasound contrast media to facilitate nerve
localization or cardiac imaging.13

Conclusion

Knowledge of ultrasound related artifacts is an
exciting educational opportunity for the regional
anesthesiologist. At the very least, these artifacts are
nuisances and provoke intellectual curiosity. At the
very worst, a misinterpretation of an ultrasound-
generated artifact may result in a negative patient
outcome. It should be emphasized that as our com-
munity’s experience grows with these relatively
new techniques, there will undoubtedly be addi-
tions to this preliminary database of artifacts.

Our anecdotal and collective experiences are that
the appreciation of the existence, the understand-
ing of the mechanisms, and the recognition of the

appearances of the aforementioned artifacts sup-
ports the efficient and safe conduct of ultrasound-
guided regional anesthesia.

Appendix

Supplementary material (video files)

Supplementary videos can be found in the online
version of this article at www.rapm.org (doi:
10.1016/j.rapm.2007.08.001).
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