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Ultrasound has radically changed the way we practice medicine. This modality gives us diag-
nostic possibilities in so many situations. It is also used to provide insight into pathological 
conditions. Ultrasound use, in combination with diagnostic procedures, makes them easier and 
safer as well as improves patient satisfaction. The benefits of its use are too numerous to name.

During my 35-year career in obstetrics and maternal fetal medicine, I have seen the vast 
benefit of this modality. For my patients, it provides a window into the womb to view their 
unborn child, but its benefits do not stop there. Ultrasound is used to diagnose, treat, and care 
for the unborn child. It truly has allowed us to treat a new patient category, the fetus.

The book Ultrasound Fundamentals: An Evidence-Based Guide to Medical Practitioners 
encompasses many of the uses of ultrasound in modern medicine. This extensive evaluation 
tackles the basic physics of ultrasound, progressing its active use in practices across the spec-
trum of medicine. The editors have assembled a wide range of authorities that reflect upon their 
vast experiences using this modality. This text touches on almost all specialties and provides 
state-of-the-art techniques that should afford our patients better outcomes.

Ultrasound has truly revolutionized medicine. It has become an inexpensive, highly accu-
rate, and portable imaging modality that we can take to the patient in the clinic, operating 
room, critical care areas, hospital floor, or in our radiology suites. This imaging modality has 
truly changed medicine, and I believe the reader will find this textbook very helpful. More 
importantly, our patients will benefit from the presentations.

David F. Lewis, MD, MBA
Chairman, Obstetrics & Gynecology, Dean, School of Medicine 

LSU Health Science Center – Shreveport, Shreveport 
LA, USA

Foreword



ix

As a physician, I am certainly not the only one who can appreciate the increasingly important 
role that ultrasound plays in education and patient care. Some consider ultrasound to be the 
new stethoscope, which is certainly not an overstatement in my mind. As a matter of fact, I 
personally feel ultrasound techniques supply us with a third eye to look deep into the human 
anatomy, physiology, and pathology, from top to bottom. Training to effectively use this third 
eye should start in medical school, which is one of the reasons why I wanted to create an intro-
ductory ultrasound book for medical students, the future of medicine. In addition, there are 
many healthcare workers, including practicing physicians, physician assistants, nurses, 
advanced nurse practitioners, and physical therapists, who need to use ultrasound at work, but 
did not have adequate training in the past. Therefore, a visual tool that would allow healthcare 
workers to learn on the job effectively and efficiently is desirable. These considerations are the 
motivation behind this book, along with the hopes of empowering learners and practitioners 
with the ability to visualize the body from head to toe via ultrasound. Unique and pragmatic, 
Ultrasound Fundamentals is a back to basics manual on normal and pathologic sonoanatomy 
of the head and neck, upper and lower extremities, chest, abdomen, and other major organ 
systems.

In this book, every chapter has been written by expert physicians who actively practice in a 
variety medical fields while using ultrasound. This concise and evidence-based ultrasound text 
includes key topics ranging from the head and neck to the upper and lower extremities, cover-
ing all the clinically relevant sonoanatomy. In addition, this 33-chapter book emphasizes the 
practical use of ultrasound for the diagnosis and treatment of a multitude of conditions in vari-
ous specialty areas such as airway management, cardiovascular disease assessment, pulmo-
nary status evaluation, orthopedics, gynecology, and pediatrics. The optimal techniques and 
the step-by-step interpretation of normal and pathologic sonoanatomy are discussed in detail. 
This text can be used as a starting point for the study of ultrasound-guided diagnosis and treat-
ment, a refresher manual for sonoanatomy on major organ systems, or a last-minute guide 
before a bedside procedure. There is a great breadth of material that is covered in a comprehen-
sive manner, making it a great resource for board review and exam preparation for various 
medical, surgical, and allied specialties.

Jinlei Li, M.D., Ph.D., F.A.S.A.
Associate Professor

Program Director, Regional Anesthesia and Acute Pain Medicine Fellowship
Department of Anesthesiology, Yale University School of Medicine

Director of Regional Anesthesia Service, Yale New Haven Health 
New Haven, CT, USA

Preface
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Ultrasound Physics & Overview

Atin Saha and Mahan Mathur

1  Introduction

This chapter will elucidate the basic physics principles upon 
which ultrasound imaging is based. In addition, ultrasound 
transducer instrumentation will be reviewed and common 
ultrasound artifacts will be discussed. Basic knowledge of 
how a system produces and acquires ultrasound waves will 
enhance understanding of the perceived anatomy. A compre-
hensive grasp of ultrasound physics is vital for both the 
proper interpretation and acquisition of ultrasound images.

2  What Is Ultrasound?

To understand ultrasound, we must first understand sound. A 
sound wave is generated by the propagation of “vibrational 
energy” through a medium (gas, liquid or solid); in other 
words, molecules striking other molecules [1]. If measured 
from a single location, the molecular movements are detected 
as pressure waves alternating between rarefaction (decreased 
pressure in a medium) and compression (increased pressure 
in a medium) with each repetition of a pressure wave referred 
to as a cycle [1, 2]. Basic sound wave properties are described 
by its wavelength and frequency. Ultrasound is named as 
such to reflect the fact that sound waves utilized in this form 
of imaging have frequencies above the range of human hear-
ing (that is, greater than 20 kHz) [3].

2.1  Wavelength & Frequency

Wavelength (λ) can be defined as the distance between two 
similar points on a wave occurring in a cycle (for example 
the distance between two peaks or troughs) (Fig. 1). Imagine 
you are standing in a stationary position and observing a 

wave propagate, a peak followed by a trough; the time it 
takes for the complete cycle to pass is defined as the wave’s 
period and is expressed in seconds per cycle. It is often easier 
to work with the inverse of the period, which is also known 
as a wave’s frequency, represented as cycles/second. 
Ultrasound transducers (devices that generate and acquire 
ultrasound waves) are categorized by the frequency of sound 
they utilize. The speed of sound (velocity) in a medium is 
defined by the wavelength multiplied by its frequency.

2.2  Strength of a Wave

There are three parameters that describe the strength of a 
wave: amplitude, power and intensity. Amplitude is the size 
of the wave and is defined graphically as the difference 
between the average and maximum values of the wave 
(Fig. 1). Power is the energy generated per unit time (Joules/
second) and is expressed in Watts. As a sonographer, the out-
put power may be altered to generate brighter images. This 
occurs by increasing the voltage to the piezoelectric crystals 
of the transducer, resulting in increased force of vibration 
which subsequently leads to stronger soundwaves transmit-
ted to the body [1]. Intensity represents the concentration of 
energy in a cross-section of a sound beam and is mathemati-
cally defined as the power divided by the cross-sectional area 
of the sound wave.

3  Ultrasound Image Generation

It is important to highlight that ultrasound does not strictly 
depict tissue structures, but rather the interfaces between tis-
sues of differing acoustic impedances. This concept helps 
one to understand fundamentally how ultrasound images are 
generated.

An ultrasound pulse is emitted from the transducer, and 
the echoes returning to the transducer from differing depths 
within the body are processed to generate a two-dimen-
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sional image. The time delay between the emission of an 
ultrasound pulse and the return of the reflected sound wave 
is known as the round-trip time [5]. Reflection of the sound 
wave occurs due to differing sound propagation properties 
at the boundaries of differing media. For example, this can 
be seen at the interface between the renal cortex and its sur-
rounding fat [6, 7].

The following is an analogous example that illustrates this 
concept: imagine you had a basketball and decided to bounce 
it off of three different types of backboards - glass, concrete 
and steel. Think of the basketball as a sound wave. If you 
were to use the same force and transmit the basketball 
(“sound wave”) towards the different backboards you would 
expect the ball to be reflected differently off the backboards 
towards you given differing intrinsic properties of the glass, 
concrete and steel.

3.1  Intrinsic Features Influencing 
Ultrasound Studies

Before discussing the concept of image generation, it is 
important to define acoustic impedance (Z). Acoustic imped-
ance is the frequency-dependent resistance that an ultrasound 
beam encounters as it passes through a tissue [8, 9].

Z = ρ ∙ c, where Z = acoustic impedance, ρ = density of 
the medium, c = speed of sound in the medium.

Tissues within the body have differing densities (ρ) and 
thus different impedances. At tissue interfaces, an incident 
ultrasound beam is partially reflected and partially refracted. 

When a wave passes through the medium changing the direc-
tion of travel, it is described as a refracted wave (Fig. 2) [9].

The difference in acoustic impedance between two tissues 
forming an interface determines the amount of reflection and 
refraction of an incident beam. The reflection gradient (R) 
describes this mathematically for incident angles perpendic-
ular to a tissue interface [9].
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, where Z1 and Z2 are the acoustic 

impedances of respective tissues at an interface.
The greater the difference between the acoustic imped-

ances, the greater the amount of energy from an incident 
ultrasound wave is reflected back. As discussed previously, 
acoustic impedance is a function of the density of the 
medium. Therefore, the greater the difference in densities of 
the tissue interface, the bigger the reflection and smaller the 
refraction component of an incident ultrasound wave.

Inserting acoustic impedances into this formula, one can 
begin to understand the appearance of ultrasound images at 
different interfaces. For example, at the interface of renal tis-
sue (Z1 = 1.65 × 106) and muscle (Z2 = 1.68 × 106) [10], 
R  =  0.0014. This means that the kidney-muscle interface 
reflects approximately 0.1% of the incident energy.

On the other hand, at the interface of renal tissue 
(Z1 = 1.65 × 106) and air (Z2 = 0.0004 × 106) [10], R = 0.999, 
which means that the kidney-air interface reflects approxi-
mately 99.9% of the incident energy, allowing approximately 
0.1% of the energy to travel into the tissues. This explains 
why air and soft-tissue interfaces obscure evaluation of 

b
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P
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Fig. 1 Sound waves consist of varying pressures through a medium. 
The distance between similar pressure points on a curve is classified as 
a wavelength (λ) and the distance between the average and maximum 

values of a wave is defined as the amplitude. A region of decreased 
pressure in a medium is defined as rarefaction (a) while a region of 
increased pressure is defined as compression (b)
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deeper structures and why lungs and air-filled bowel loops 
are sub-optimally examined via ultrasound.

It is rare to find smooth interfaces between tissues in the 
body and often, the interfaces will be rough. A sound wave 
hitting a rough surface will scatter in multiple directions in 
the form of a spherical wave instead of along a single path 
[11]. Therefore, in the clinical setting, ultrasound images are 
generated from a mixture of reflected and scattered sound 
waves. When an ultrasound beam is perpendicular to a struc-
ture it appears clearly delineated and bright, as the 
 information utilized to generate the image is primarily 
derived from reflected sound waves [9]. If the ultrasound 
beam interacts with the target tissue in a tangential manner, 
then only diffusely reflected echoes are available for image 
generation, and the image will appear less clearly delineated 
and less bright (even though the acoustic impedances may be 
the same in the above-mentioned examples).

As a sound beam travels through the human body, the beam 
undergoes attenuation (loses energy) through a process called 
scatter. The loss of energy of an ultrasound beam occurs 
through the conversion to heat [12]. A higher transmitted fre-
quency leads to increased attenuation and limits the depth pen-
etration of an ultrasound beam [13]. The increased attenuation 
can be compensated to a degree by adjusting the time-gain 
compensation parameter [14]. Time- gain compensation allows 
for the increase in gain as time passes which results in equally 
echogenic tissues appearing similar regardless of tissue depth.

Interference is an important concept to understand as it 
can affect the ultrasound image. As discussed previously, a 
sound wave has a compression phase and a rarefaction phase. 
When multiple sounds waves are superimposed, they can be 
out-of-phase thus canceling each other out, (destructive 
interference) or can be in-phase (constructive interference). 
The spatial distribution of both destructive and constructive 

interferences is responsible for the visual appearance of an 
ultrasound image. The way that sound waves interfere with 
each other can alter the amplitude and subsequently the 
image brightness [15].

3.2  Ultrasound Modes

There are three basic ultrasound modes that enable clinicians 
to extract desired information from the target organs of 
interest.

Amplitude-Mode: This mode has limited applications. As 
an example, this can be utilized to measure the corneal thick-
ness in ophthalmology. A line through the target is scanned, 
after which amplitudes of the ultrasound wave echoes are 
returned to the transducer, and are subsequently converted 
and displayed as a function of round-trip time. This one- 
dimensional information can be utilized to infer depth of a 
structure [16, 17].

Brightness-Mode: This mode is utilized to detect static 
structures and appreciate anatomy. Amplitudes from a return-
ing ultrasound wave are displayed as points with differing 
brightness. The brightness of a point represents the strength 
of the return wave. Once all the echoes from the subsequent 
transmitted pulses have returned, a complete 2D Brightness- 
mode image is displayed [16–18].

Motion-Mode: This mode is utilized to image rapidly 
moving structures such as cardiac valves or vessel walls. 
Unlike the brightness mode, the motion mode utilizes 
repeated emission of an ultrasound beam in a stationary 
location to gain information from moving structures at dif-
ferent time points. Information is displayed along a time 
axis which describes the motion of the structure at varying 
time points [16, 17].

Beam perpendicular to interface

Reflection

α'

α'

Interface

Refraction

Impedance mismatch

Z2Z1

Reflection Transmission

Stronger when the impedance
mismatch is large

Sonar and medical ultrasound rely on:
difference in acoustic impedance between two
tissues/media

Stronger when the impedance
mismatch is small

a b

Fig. 2 (a) Generation of an ultrasound image: reflection versus transmission. (b) Interaction of ultrasound with interfaces in the body according 
to the laws of wave optics. (Diagram and adapted caption courtesy of Schäberle et.al 2018 Springer)

Ultrasound Physics & Overview
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4  Resolution

The minimum distance between two structures that still 
allows for discernibility as separate structures is known 
as the image resolution. This applies to all imaging 
modalities including computed tomography and mag-
netic resonance imaging. In ultrasound, image resolution 
is specifically defined as the spatial discrimination 
between two structures that have differing acoustic 
impedance [9].

Axial resolution is the ability to separate two closely 
spaced echoes that lie in a plane parallel to the direction of 
the sound wave [14, 17]. In other words, helping to dis-
criminate between structures that lie anterior/posterior to 
each other. The shorter the wavelength (and therefore, the 
higher the frequency) of the excitation pulse, the better the 
axial resolution. However, as discussed previously, the 
higher the frequency, the more the wave is attenuated. Thus, 
high frequency limits the maximum depth from which the 
echoes can be reflected. The best achievable axial resolu-
tion is 0.5λ [20].

Lateral resolution is the ability to separate two closely 
spaced echoes that are in the perpendicular plane to the 
direction of the incident wave. The smaller the width of the 
ultrasound beam, the better the lateral resolution of the 
image.

5  Ultrasound Transducer

Piezoelectric crystals within most modern ultrasound 
transducers are the most important components for ultra-
sonography. These crystals function sequentially: first, to 
generate ultrasound waves by altering the crystal length 
when subjected to an electrical current and second, to 
receive ultrasound waves and convert changes in deforma-
tion of the crystal to electrical current which allows for 
formation of an image. Quartz, lithium niobate and tour-
maline are a few materials that possess piezoelectric prop-
erties [21].

An ultrasound transducer contains multiple individual 
piezoelectric elements that allow it to produce an image by 
shifting the functional elements in a systematic manner. As 
an example, take a transducer with 9 elements. To generate 
the first scan line, elements 1–4 may be activated to pro-
duce the first incident wave. For the second scan line, a one 
element shift is made, resulting in activation of elements 
2–5. For the third scan line, another one element shift is 
made, resulting activation in elements 3–6. This continues 
in a similar fashion, until a total of 6 scan lines are pro-
duced. The number of scan lines can also be altered by 
adjusting the number of elements being activated to gener-
ate a scan line [9, 14].

5.1  Types of Transducers

There are four main types of transducers utilized to image 
the body: curvilinear, phased array, linear array and endo-
cavitary. Having a good understanding of the advantages and 
limitations of each transducer will assist in obtaining the best 
image possible.

Curvilinear transducers (Fig. 3) are ideal for abdominal 
imaging. They have excellent tissue penetration which allows 
for imaging of deeper structures. Typical frequency range is 
from 2–5 MHz [4].

Phased array transducers (Fig.  4) are best utilized to 
image through small regions, particularly in more difficult 
areas, such as between ribs. They are commonly used in car-
diac imaging. A pie-shaped field of view is created utilizing 
electronic beam steering. Typical frequency range is from 
2–7 MHz [4].

Linear array transducers (Fig.  5) are best for imaging 
superficial structures such as muscles, nerves, vasculature or 
soft tissues. They produce a rectangular image. Typical fre-
quency range is from 5–10 MHz [4].

Endocavitary transducers (Fig. 6) are placed inside a body 
cavity and are primarily used for obstetric, gynecologic or 
otolaryngology applications. They produce wide angle 
images up to 180 degrees. Typical frequency range is from 
8–13 MHz [4].

5.2  Transducer Position

All transducers have a position indicator which corresponds 
to the marker on the image screen. This allows the sonogra-
pher to identify the image orientation being displayed on the 
screen (Fig. 7).

Standard ultrasound imaging planes include the trans-
verse (also known as axial), sagittal and coronal planes. In 
the transverse plane, the transducer marker is pointed to the 
patient’s right (Fig. 8) In the sagittal plane (imaging anterior 

Fig. 3 Curvilinear Transducer. (Diagram and adapted caption courtesy 
of Creditt et al. 2017 Springer)

A. Saha and M. Mathur
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Fig. 4 Phased Array Transducer. (Diagram and adapted caption cour-
tesy of Creditt et al. 2017 Springer)

Fig. 5 Linear Array Transducer (Diagram and adapted caption cour-
tesy of Creditt et al. 2017 Springer)

Ultrasound Physics & Overview
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to posterior), the marker should be pointed towards the 
patient’s head or cephalad (Fig.  9). In the coronal plane 
(transducer lateral to the patient’s body) the marker should 
point towards the patient’s head by convention (Fig. 10).

6  Doppler Sonography

Doppler sonography provides crucial information about the 
flow of blood within the body, including both direction and 
velocity. The Doppler effect was first described by Austrian 
physicist Christian Doppler in the 1840s [19]. It states that a 
sound wave that is reflected from a moving object undergoes 
a change or shift in frequency. More specifically, if an object 
is moving towards the transducer the incident wave will have 
a lower frequency than the reflected sound wave and vice- 
versa for objects moving away from the transducer. In medi-
cal imaging, this effect can be harnessed to calculate blood 
velocity, utilizing sound waves that are reflected by the trav-
eling red blood cells (Fig.  11). The blood flow velocity is 
calculated as a function of incident angle, emitted and 
received frequencies based on the following equation:

V F F
c

Fr� �� � �
�

�

�
�

�

�
�0

02cos�
, where V is the blood flow 

velocity, Fr is received frequency, F0 is the transmitted fre-
quency, c is the speed of sound in the soft tissue, α is the 
angle between the transmitted beam and the direction of 
blood flow [9].

As velocity is a function of the cosine of the incident 
angle, special attention is required to ensure the Doppler 
angle is at or below 60 degrees. Even minor deviations 
greater than 60 degrees will lead to inaccurate velocity cal-
culations given the properties of a cosine curve.

6.1  Pulsed Wave Doppler

Pulsed wave doppler is utilized to further characterize and 
quantify changes in flow over time. Similar to gray-scale 
brightness-mode image generation, pulsed wave Doppler 
systems operate by transmitting a short pulse, switching 
off for a time interval, and then switching back on. 
Reflected waves arriving during the switched off time 
period are not evaluated. By controlling the Doppler gate 
or “listening time” we can interrogate a vessel of a par-
ticular depth. The Doppler gate is defined by the time 
interval that the system is actively “listening” to the 
returning echoes [22].

Imagine you are a rubber ball that is so elastic that it 
always bounces back to exactly where it was thrown from. 
Now see yourself as “the ball” cocked in a sling shot on a 
racquetball court which is then subsequently launched.

Before you are launched, two things are known: one is 
that you will be traveling at a constant velocity through 
sound, while the second is that the distance between the 
launch and the racquetball court wall is fixed. The time it will 
take from you to come back or in physics terms the “round- 
trip time” can be calculated. This can be obtained by dividing 

Fig. 6 Endocavitary transducer (Diagram and adapted caption cour-
tesy of Creditt et al. 2017 Springer)

A. Saha and M. Mathur
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b

Fig. 7 The small bump (arrow) on the left side of the transducer corresponds to the blue box on the left side of the image screen (dashed arrow). 
(Diagram and adapted caption courtesy of Creditt et al. 2017 Springer)

a

Right

b

Fig. 8 Transverse plane: (a) The transducer marker is directed towards 
the patient’s right side (b) Corresponding ultrasound image: Ao Aorta, 
SMA superior mesenteric artery, LRV left renal vein, S Spine, LK left 

kidney. (Diagram and adapted caption courtesy of Creditt et al. 2017 
and Xu et al. 2018 Springer)

Ultrasound Physics & Overview
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the distance between the wall and launch site by the velocity 
of the rubber ball traveling in air.

This concept allows the sonographer to selectively listen 
to certain vascular structures by “turning on” the transducer 
during the time interval we expect the signal from a vessel to 
be coming back while ignoring the other signals. To “turn 
on” the transducer we can create what is called a time-filter. 
This process allows for selectively interrogating a particular 
vessel at a certain depth. The combination of 2D-real time 
gray scale imaging and pulsed Doppler sonography is called 
Duplex Doppler Sonography. This is the standard technique 
utilized to evaluate for deep venous thrombosis.

6.2  Color Doppler

Color Doppler ultrasound displays flow data in color for a 
defined area, superimposed on a 2D gray scale image. As 
discussed, in standard duplex ultrasound, a sample volume is 
outlined in the real time gray scale image for which Doppler 
shift frequencies are obtained by interpreting separate scan 
lines. In regards to color Doppler, simultaneously measuring 
flow velocities at different vessel sites requires multiple sam-
ple volumes to be placed along adjacent beam paths. 
However, this data cannot be interpreted by Fourier trans-
form due to time constraints and the copious amount of data 
acquired. Instead, a technique called autocorrelation is uti-
lized. This technique compares two consecutive reflected 
beams from the sampled sites for a given color scan line to 
identify phase shifts in order to estimate mean Doppler shift 
frequency [23].

The mean frequency shift is utilized to determine the 
color shade. Low frequency shifts are assigned a darker color 

Head

ba

Fig. 9 Sagittal plane: (a) The transducer marker is directed towards the 
patient’s head with the transducer positioned at the midline of the abdo-
men (b) Corresponding ultrasound image: MHV middle hepatic vein, 

QL quadrate hepatic lobe, CL caudate hepatic lobe, CBD common bile 
duct, PV portal vein, IVC inferior vena cava. (Diagram and adapted cap-
tion courtesy of Creditt et al. 2017 and Zang 2018 Springer)

Head

a

b

Fig. 10 Coronal plane: (a) The transducer marker is directed towards 
the patient’s head with the transducer positioned on the lateral side of 
the abdomen. (b) Corresponding ultrasound image: RL right hepatic 
lobe, RK right kidney, B Bowel, IVC inferior vena cava, Ao abdominal 
aorta (Diagram and adapted caption courtesy of Creditt et al. 2017 and 
Xu et al. 2018 Springer)

A. Saha and M. Mathur
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while high-frequency shifts are assigned a lighter color. In 
addition, based on the phase shift away or towards the trans-
ducer, a blue or red color is assigned respectively (Fig. 12).

6.3  Power Doppler

Unlike color Doppler which utilizes frequency shifts to 
determine blood flow, power Doppler utilizes the amplitude 
of the Doppler signal. Differing hues of a single color reflect-
ing the total energy of the received wave are utilized to rep-
resent blood flow. Power Doppler does not provide 
information regarding directionality of blood flow, however 
it is superior in detecting slow flow and is largely indepen-
dent of the Doppler angle [24].

7  Artifacts

The generation of ultrasound images is based on several 
assumptions. These assumptions include that the only source 
of sound wave generation is the ultrasound transducer, that 
sound waves travel in a linear fashion and at a constant veloc-
ity, that attenuation is uniform within a scan plane, and that 
each reflector in the body will produce a single echo. Any 
deviation from these assumptions results in artifacts, which 
can provide important diagnostic information on tissue com-
position. Artifacts can often be distinguished by physically 
shifting the transducer. Actual tissue structures will remain 
visible, while artifacts will change position or may even 
disappear.

7.1  Shadowing

Shadowing is a common artifact utilized to characterize 
structures (Fig. 13). It occurs when sound waves are predom-
inantly reflected off the tissue interface and/or absorbed. As 
discussed in the previous sections, shadowing occurs behind 
air secondary to increased reflection at air-tissue interfaces. 
An incident sound wave will be predominantly reflected, 
although some will interact with interfaces in front of the air, 
producing secondary reflections that travel back to the air 
surface. This results in secondary reflections which are 
received by the transducer manifesting as low-level echoes 
behind an air interface. This accounts for the “dirty shadow-
ing” appearance which is often a sign that a structure con-
tains air [25].

Shadowing also occurs secondary to increased absorption 
by osseous structures and calcifications [26], as can be seen 
with gallstones (Fig. 13). This limits the energy available for 
the generation of secondary reflections, with associated 
shadows appearing more anechoic posterior to the  calcified/
ossified structures. This creates a “clean shadowing” 
appearance.

7.2  Posterior Enhancement

Posterior acoustic enhancement is helpful in identifying cys-
tic structures that contain fluid. Sound waves are much less 
attenuated by fluid-filled structures than by solids and there-
fore possess greater strength after passing through a fluid 
structure. As a result, structures deep to fluid-filled struc-

Dopper Effect

f0 f0 f0 − Df f0 + Df

Stationary source Moving source

∆F = Fr − F0 = 2·F0·v

F 0

F r
T

R

c
cos α

α

Vessel
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Fig. 11 Doppler effect. (a) Dependence of the Doppler shift (change in 
frequency between source and receiver) on the velocity of the moving 
source and its direction of motion relative to the reflector. (b) Diagram 
of Doppler interrogation of a vessel with laminar blood flow. The 
arrows in the vessel are vectors representing different flow velocities. 
Blood flow is fastest in the center and decreases toward the wall. The 

drawing illustrates the effect of the angle of incidence on the Doppler 
measurement. In the equation for calculating the Doppler shift, the 
cosine of this angle is utilized. The Doppler shift increases with the 
acuity of the angle (cosine of 90° = 0) (T transmitter, R receiver, F0, 
emitted frequency, Fr reflected frequency). (Diagram and adapted cap-
tion courtesy of Schäberle et.al 2018 Springer)
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tures, such as a cyst, will produce stronger reflections and 
appear brighter (also known as increased through transmis-
sion) (Fig. 14) [25, 26].

7.3  Mirror Images

If we think about a mirror, it is a highly reflective surface that 
is smooth. Air is the best acoustic mirror in the human body as 
it is a highly reflective surface for sound waves (see Sect. 3.1). 
Thus, the interfaces between air and soft tissue are prone to 
producing mirror images. The base of the right lung can often 
serve as a mirror on abdominal ultrasounds, duplicating the 
liver, diaphragm or other right upper quadrant structures 
(Fig. 15). The trachea also provides a smooth air- soft tissue 
interface, acting as a mirror for neck structures [25, 27].

7.4  Reverberation

Reverberation artifact (Fig. 16) occurs when there is a strong 
reflective surface in the near field. A highly reflective surface 

a

d

b c

Fig. 12 Liver vessels: (a) Hepatic veins, bidirectional undulating flow 
demonstrated by color doppler signal (either red or blue signals, indi-
cating two flow directions during the respiratory cycle) with cardiac and 
respiratory modulation also demonstrated by spectral flow analysis. (b) 
Main portal vein entering liver on gray-scale imaging (c) Main portal 

vein flow on color Doppler (red color signals) (d) Duplex-Doppler flow 
profile confirms appropriate directionality of portal flow, where +1 indi-
cates maximum velocity. (Diagram and adapted caption courtesy of 
Riccabona 2014 Springer)

Fig. 13 Gallstone shadowing: Posterior acoustic shadowing (arrow) 
helps properly identify gallstones (dashed arrow) within the gallblad-
der and can help distinguish stones from other structures such as pol-
yps. (Diagram and adapted caption courtesy of Vitto et.al 2018 
Springer)
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may produce a reflective sound wave that is strong enough to 
be reflected off the transducer itself and back into the body, 
which can then interact with the near-field reflective surface 
multiple more times, creating a ping-pong like effect [25]. 
As a result, the subsequent echoes produced are interpreted 
as arising deep to the original reflective surface in the near 
field. This can produce bright bands or low-level echoes, best 
appreciated at the superficial aspect of the cystic structures 
[27]. This can often be mitigated by repositioning the 
transducer.

7.5  Ring Down

When a sound wave interacts with air bubbles that have 
trapped fluid between them, the fluid can be excited, causing 
the fluid to resonate or ring like a tuning fork. This causes a 
continuous sound wave to be generated and transmitted back 
to the transducer along with the original echo. The sound 
generated is interpreted as having originated from reflector 
surfaces deep to the air surface, thus a series of bright echoes 
are produced deep to the air [25, 26]. Ring down artifacts can 
be seen in the setting of air-filled bowel or when imaging 
metal.

7.6  Comet Tail

A comet tail artifact is similar to a ring-down artifact with 
small, bright, linear artifacts seen deep to highly reflective 
targets [27]. This is an artifact that helps to identify choles-
terol crystal deposition within the gallbladder wall (Fig. 17).

7.7  Side Lobe

The majority of sound waves transmitted into the body 
are concentrated in the center and are called the main 
lobe. There are weaker sound beams on either side of the 

Fig. 14 Gallbladder with posterior acoustic shadowing: As sound 
passes through fluid-filled structures, such as the gallbladder (dashed 
arrow), acoustic energy is increased resulting in posterior acoustic 
enhancement in which the structures posterior to the structure appear 
brighter (solid white arrows). (Diagram and adapted caption courtesy of 
Vitto et.al 2018 Springer)

Fig. 15 Liver with mirror artifact: In the image above, there appears to 
be two livers, one above (dashed arrow) and one below (white arrows) 
the diaphragm (white line). (Diagram courtesy of Vitto et.al 2018 
Springer)

Fig. 16 Imaging of lung tissue with reverberation artifact: When sound 
bounces between two greatly reflective structures, it will reverberate 
over and over, creating a line of sound down the image screen known as 
reverberation artifact. It is seen here with the pleural line of the lungs. 
(Diagram and adapted caption courtesy of Vitto et.al 2018 Springer)

Ultrasound Physics & Overview
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center beam called side-lobes. These side-lobe beams 
come into play only when there is a strong-reflective sur-
face from which reflections are generated. These 
obliquely deflected side- lobe echoes are processed as if 
they were originating as echoes from the main beam and 
are misrepresented in the generated ultrasound image 
[25–27].

7.8  Anisotropy

Anisotropy describes the property of being directionally 
dependent. In the field of ultrasound imaging, this manifests 
as alterations in displayed echogenicity when imaging tis-
sues based on different angles. For example, when imaging 
tendons (which have unidirectionally oriented fibers), a scan 
which is performed perpendicular to the long axis of the ten-
don will produce a strong reflection and a brighter image. On 
the other hand, incident sound waves generated from angling 
the transducer and deviating from 90 degrees to the longitu-
dinal plane of the tendon fibers will result in weaker reflec-
tions [25].

7.9  Transducer Piezoelectric Crystal Failure

Quality control is an essential aspect of ultrasound imag-
ing. Dysfunction of the piezoelectric crystals will lead to 
an ultrasound image that contains dark bands that can 
appear to be radiating from the transducer. These dark 
bands will maintain their position even when the trans-
ducer is moved [25].

8  Aliasing

In the field of ultrasound imaging, the minimum sampling 
rate for the analog ultrasound echo is at least twice that of the 
Doppler frequency shift [25, 28]. Sampling below this rate 
will lead to aliasing, with the highest frequency components 
misrepresented in the digitized output. This manifests as a 
wraparound of high-frequency signals from the extremes of 
the color scale [28] (Fig. 18). Aliasing can be distinguished 
from a true change in flow direction, as the former will result 
in changes between lighter color shades. In severe aliasing, 
multiple wraparounds can be seen. This can serve as a sur-
rogate marker for a region of high velocity flow.

Aliasing can be reduced by increasing the pulse repetition 
frequency. However, the maximum pulse repetition fre-
quency is limited by vessel depth, as a finite wait time is 
required to receive an echo before generating a second pulse 
[25]. The other option would be to reduce the observed fre-
quency shift, thus allowing the system to utilize a lower sam-
pling rate. Given that the observed frequency shift is a 
function of cosine, increasing the Doppler angle closer to 90 
degrees can decrease the observed frequency shift.

Fig. 18 Elevated flow velocity with turbulent atypical flow at the site 
of left renal artery stenosis, also seen as aliasing (arrow) of color dop-
pler signals and narrow vessel diameter. (Diagram and adapted caption 
courtesy of Riccabona et.al 2014 Springer)

Fig. 17 Echogenic intramural foci with comet-tail artifacts (arrow) 
indicative of cholesterol crystals within Rokitansky-Aschoff sinuses 
and diagnostic of adenomyomatosis of the gallbladder. (Diagram and 
adapted caption courtesy of Nicolau et.al 2012 Springer)
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8.1  Tissue Vibration

In regions of turbulent flow within a vessel, pressure vari-
abilities in the lumen of the vessel produce vibrations within 
the vessel wall and adjacent peri-vascular soft tissues. These 
vibrations may result in the production of a Doppler fre-
quency shift which will be displayed as a mixture of colors 
reflecting the variable vibration directions [25, 29]. Tissue 
vibration artifact can be seen with pseudoaneurysms, aneu-
rysms, and arteriovenous fistulas as well as other conditions 
which promote turbulent flow.

8.2  Twinkle

Twinkle artifact manifests on color Doppler imaging, and 
arises due to signal aliasing extending deep from the surface 
of a strongly reflective tissue interface [25, 29] (Fig.  19). 
Twinkle artifact can often be used to detect nephrolithiasis, 
particularly in cases where the gray scale imaging findings 
may be equivocal.

9  Conclusion

Ultrasound utilizes soundwaves with frequencies above the 
range of human hearing to image the human body. The 
piezoelectric crystal within the ultrasound transducer serves 
as both the generator of inciting sound waves and the receiver 
for reflected sound waves. These reflected waves are then 
processed and displayed as images. A key concept to remem-
ber is that ultrasound does not strictly depict tissue structures 
but rather the interfaces between tissues of differing acoustic 
impedances. Gray scale images provide structural informa-
tion while Doppler imaging helps further characterize 
 vasculature. These techniques are commonly utilized 
together in clinical practice. Lastly, ultrasound can act differ-
ently at differing tissue interfaces, resulting in several types 
of artifacts. These artifacts, at times, can provide valuable 
information regarding the underlying pathology.
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Ultrasound Probe Selection, Knobology 
and Optimization of Image Quality

Marcelle Blessing

1  Introduction

Ultrasound has become an invaluable tool for various medi-
cal specialties as the clinical applications continue to 
broaden. Comprehensive ultrasound evaluations have always 
been available for subspecialties such as gynecology or car-
diology. As small, laptop-sized ultrasound machines have 
become commonplace in many clinical settings, a broad 
range of clinicians can now incorporate ultrasound into their 
daily practice. New portable, pocket-sized hand held ultra-
sound devices will likely make bedside point-of-care ultra-
sound even more common. A thorough understanding of 
ultrasound equipment is needed for success in using it for 
imaging and procedural guidance. If the wrong probe is cho-
sen for a specific purpose, the technical difficulty is increased 
while also potentially compromising procedural safety. 
Without image optimization, key anatomy may not be visu-
alized. Fortunately, appropriate probe selection is not diffi-
cult. In addition, optimization of the target and needle 
visualization require only a few easily mastered maneuvers 
and adjustments. For many tasks, there are multiple probe 
types that would be appropriate. This chapter will review the 
basic equipment, machine settings, image optimization tech-
niques and nomenclature needed for bedside ultrasound.

2  Probe Selection

The frequency of sound waves used for ultrasound in medi-
cine range from 1–20 MHz. As ultrasound frequencies vary 
based on probe selection, different ultrasound probes are uti-
lized to optimize different fields of view. Each probe is pro-
grammable for a range of frequencies within the 
aforementioned limits. This range of frequencies is referred 
to as bandwidth. Probes are described by the frequencies 

they use and by the size and shape of their face (“footprint”) 
(Fig. 1).

Piezoelectric crystals in the ultrasound probe send and 
receive sound waves to create images. The arrangement of 
these piezoelectric crystals in the transducer determine the 
shape of the image the probe will obtain.

Linear probes use high frequency (6–15 MHz) ultrasound 
beams to visualize shallow structures with high axial and lat-
eral resolution. The piezoelectric crystals are arranged in a 
straight line within a flat transducer. Ultrasound beams 
emerge perpendicular to the line of transducer elements and 
parallel to each other, creating a rectangular shaped image 
with a linear surface. Clear images of superficial structures 
are created at the expense of visualizing deeper structures 
because of the probe’s high resolution and poor penetration. 
Attenuation occurs as high frequency sound waves attempt 
to penetrate deeper structures. As such, their role is limited to 
visualizing structures to a depth of 4 cm (Fig. 2).

Lower frequency (1–5  MHz) curvilinear probes permit 
imaging of deeper structures, while providing a wider depth 
of field with less resolution. This occurs due to the fact that 
the crystals are arranged in a curve, resulting in a fan-shaped 
ultrasound beam. The field of view is wider than the footprint 
of the probe, creating a sector or “pie-shaped” image. Images 
produced always have a curved surface. Curvilinear probes 
are ideal for deeper peripheral nerve blocks, central neurax-
ial blocks and intra-abdominal exams (Fig. 3). They are par-
ticularly helpful for obese patients. Curved probes with a 
smaller footprint are useful for performing deeper nerve 
blocks in small areas, such as with infraclavicular nerve 
blocks.

Phased array probes are ideally suited for echocardiogra-
phy. Like curvilinear probes, their lower frequencies (typi-
cally 2–8  MHz) penetrate deeper structures, providing a 
large depth of field; however, their small, flat footprint makes 
them ideal for situations such as visualizing between ribs. A 
small number of piezoelectric crystals arranged closely 
together generate a sectorial view, allowing sound waves to 
be delivered from a single point while fanning outward.

M. Blessing (*) 
Yale University School of Medicine, Department of 
Anesthesiology, New Haven, CT, USA
e-mail: marcelle.blessing@yale.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-46839-2_2&domain=pdf
https://doi.org/10.1007/978-3-030-46839-2_2#DOI
mailto:marcelle.blessing@yale.edu


18

Several other types of specialized probes exist to serve 
specific subspecialties. Transesophageal probes, endovaginal 
probes and endorectal probes are examples of specialized 
endocavitary probes. Endobronchial ultrasound is performed 

using small ultrasound probes attached to flexible fiberoptic 
devices. Intravascular ultrasound (IVUS) makes use of min-
iature ultrasound probes attached to intravascular catheters 
to assess blood flow within vessels (Table 1).

Fig. 1 Examples of common ultrasound probes (left to right): linear probe, curvilinear probe, phased array probe

Fig. 2 A linear ultrasound probe and subsequent image obtained of the 
brachial plexus within the interscalene groove. Note the shallow depth 
(2.7 cm) and high resolution of superficial structures

Fig. 3 A curvilinear ultrasound probe and the image obtained of the 
quadratus lumborum muscle. Note the decrease in resolution of super-
ficial structures compared to Fig.  2, and greater depth of image. QL 
quadratus lumborum, TP transverse process, PM psoas major

M. Blessing
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3  Knobology

Most ultrasound machines have presets that optimize scan-
ning for specific tissue types. If the correct preset is chosen, 
often less adjustment of parameters will be needed to opti-
mize image quality. The following parameters are commonly 
adjusted during ultrasound image acquisition:

Frequency: Once probe selection occurs, the range of fre-
quencies has already been selected. For a given probe, the 
operator can choose a frequency in the upper, middle or 
lower range of a probe’s bandwidth.

Mode: Most modern ultrasound machines utilize bright-
ness or B-mode, also referred to as 2D mode, for both diag-
nostic visualization and real time procedural guidance. 
M-mode or motion mode is also available on most machines. 
M-mode displays B-mode images over time, and is espe-
cially useful in echocardiography. It can be combined with 
Doppler mode, which is used for assessing flow in the arter-
ies and veins (Fig. 4).

Gain: Adjusting the brightness (or gain) is a crucial fea-
ture of modern ultrasound machines. Increasing the gain will 
make the image whiter. Many machines have an autogain 
setting that automatically sets the gain for the user. Gain can 
also be fine-tuned manually for either the whole image or 
within the near or far fields. Gain should be minimized to 
only what is needed to highlight the target structures. 

Excessive gain will cause increased noise in the background, 
making target structures harder to distinguish (Fig. 5). Time 
gain compensation (TGC) refers to the increased gain at 
greater depths. TGC attempts to offset the attenuation that 
occurs when imaging deeper structures, in order to keep the 
gain uniform across a field of depth.

Depth: The user can set the depth manually within the 
range that a probe penetrates. Depth should be minimized to 
only what is needed to visualize target structures. By decreas-
ing depth, the superficial structures will be magnified and the 
resolution increases. Also, scanning at greater depths 
decreases the frame rate, thereby decreasing image quality. If 
ultrasound is used for procedural guidance, depth should be 
sufficient to visualize critical structures that could be 
damaged.

Focus: Adjusting the focus optimizes lateral resolution at 
a specific depth, by producing a narrow beam at the focal 
zone. Focus occurs for a target at a specific depth, not for the 
entire image.

Doppler: The Doppler principle is applied to color flow 
Doppler, power Doppler and pulse wave Doppler to assess 
blood flow. In color Doppler, blood flow is displayed in a 
window overlaying a B mode image. Red represents flow 
towards the transducer and blue represents flow away from 

Table 1 Applications of different probe types by specialty

Ultrasound Use Recommended Probe
Anesthesiology: Nerve 
Blockade

Linear probe (superficial peripheral 
nerve blocks)
Small footprint linear probe (pediatric 
blocks)
Curvilinear probe (deep blocks, obese 
patients, neuraxial blocks)

Breast Linear probe
Cardiology Phased-array probe (transthoracic echo)

TEE probe
Colorectal Endocavitary probe (transanal/transrectal 

exam)
Dermatology Linear probe
ER – eFAST exam Curvilinear probe
Gastrointestinal Curvilinear probe
Gynecological/Obstetrics Endocavitary probe (transvaginal exam)

Curvilinear probe (transabdominal exam)
Musculocutaneous Linear probe (most common)

Curvilinear (deeper structures, obese 
patients)

Neonatology Phased-array probe (cranial exam)
Linear probe (abdominal exam)

Ophthalmology Small footprint linear probe
Otolaryngology Linear probe
Vascular Linear probe (neck and extremity 

vessels)
Curvilinear probe (aorta and IVC)
Intravascular probe (IVUS)

Fig. 4 Mode selection on a bedside ultrasound touchscreen
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the transducer (Fig.  6). Power Doppler is also superim-
posed on a B mode image, and can identify small amounts 
of blood flow, making it a more sensitive exam. Power 
Doppler mode measures the strength of the Doppler signal, 
but does not indicate the direction of flow. Pulsed Wave 
Doppler provides graphical information about the velocity 
of blood flow within a vessel or heart chamber at a specific 
point.

4  Scanning Terminology

Ultrasound scanning must begin with correct probe orienta-
tion. Rotation of the probe 180 degrees may occur if this step 
is overlooked. All ultrasound probes have an orientation 

marker to assist with rapid orientation. Conventions of probe 
orientation with respect to the body vary in different disci-
plines; regardless, it is critical that the user is correctly ori-
ented (Fig. 7).

Ultrasound scanning planes are described using the basic 
anatomic planes: transverse, sagittal and less commonly cor-
onal. These planes are perpendicular to one another. Oblique 
angles can be utilized within these planes to acquire an off- 
axis image.

Transverse (or axial) View: This plane divides the body 
into superior (cranial) and inferior (caudal) parts.

Sagittal (longitudinal) View: This plane divides the body 
into right and left (Fig. 8).

Coronal View: This plane divides the body into dorsal and 
ventral sections.

Fig. 5 An ultrasound image series of the tibial nerve with (from left to right): too little, too much, and appropriate gain. Note how appropriate gain 
settings enhance the contrast of the borders surrounding the nerve

Fig. 6 A color flow Doppler ultrasound image of the brachial artery 
(left) and brachial vein (right) in the antecubital fossa

Fig. 7 A linear probe with orientation marker (blue arrow), and corre-
sponding orientation marker on ultrasound screen (logo)

M. Blessing
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5  Probe Manipulation

PART (Pressure, Alignment, Rotation, Tilt) describes the 
basic probe maneuvers needed for optimizing ultrasound 
images [1].

By increasing the pressure applied to the probe, tissue 
under the probe is compressed and the echogenicity of struc-
tures under the probe may be enhanced (Fig.  9). Pressure 
may be applied evenly or sometimes more to one side of the 
probe than the other, which can enhance needle visualization 
by tilting the ultrasound beams towards a needle path. 
Excessive pressure may cause patient discomfort and will 
likely compress veins. Compressing veins may be useful 
when performing procedures, so long as their location is 
noted. Alignment (or sliding) centers an anatomical target on 
the screen and can be used to follow a target both proximally 
and distally to assess the course of its anatomy. Rotation 
clockwise or counter-clockwise brings the probe from a 
transverse to a longitudinal view. Rotation may help to 

remove obstacles obscuring a target or to identify an optimal 
needle path for a procedure. Fine rotation is often needed to 
identify the full length of a needle when performing proce-
dures with ultrasound. Tilting can optimize the image quality 
by bringing the ultrasound beam into perpendicular align-
ment with a given structure. For some anatomical structures, 
altering the tilt of the probe may dramatically enhance their 
visualization (Fig. 10). Tilting is also useful for following the 
needle tip during procedures.

6  Structure Visualization and Needle 
Orientation

Axis and plane are two concepts that need to be understood 
in order to perform ultrasound guided procedures. In terms 
of axis, targets such as nerves and blood vessels are typically 
described as in short-axis (transverse) versus long-axis (lon-
gitudinal) view.

Fig. 8 Left: A short axis view of the brachial artery with the probe held in a transverse position scanning in antecubital fossa. Right: A long axis 
view of the brachial artery with the probe held in a sagittal position scanning antecubital fossa

Ultrasound Probe Selection, Knobology and Optimization of Image Quality
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With respect to planes, two needle insertion techniques 
are commonly used with ultrasound-guided procedures: in- 
plane (needle advanced in the plane of the ultrasound 
probe) and out-of-plane (needle advanced perpendicular to 
the ultrasound probe) (Fig. 11). Both techniques are accept-
able; however, in-plane needling has the advantage of 
showing the entire course of a needle. To visualize the 
entire course of a needle successfully, proper alignment and 
rotation of the probe are necessary. Oftentimes, small 
adjustments are needed because of the narrow width of the 
ultrasound beam. Although the needle trajectory may be 

shorter with out-of-plane approaches, the needle tip identi-
fication with out-of-plane needling may be difficult and 
misidentification of the needle tip is common. This is due 
to the fact that only the part of the needle that is advancing 
under the probe is visualized. Tilting and sliding the probe, 
while the needle is advanced out-of-plane, can enable nee-
dle tip visualization.

Axis and plane are then combined to describe the approach 
to an ultrasound-guided procedure. For example, ultrasound- 
guided central line placement is frequently performed with a 
short-axis out-of-plane needle insertion approach, while 

Fig. 9 An ultrasound image of the quadratus lumborum muscle. On the left, the muscle is poorly defined. On the right, more pressure was applied 
with the ultrasound, enhancing the echogenicity and making the contours of the muscle more visible

Fig. 10 The effect of tilting ultrasound probe. Image on the left shows the sciatic nerve in the popliteal fossa with cephalad tilt of the probe. On 
the right, the probe is tilted caudally, greatly enhancing visualization of the sciatic nerve
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peripheral nerve blockade is often performed with a short- 
axis in-plane needle insertion approach.

7  Needle Visualization

Needle visualization is enhanced by using larger needles, 
shallow needle insertion angles and echogenic needles. 
When guiding a needle, it is crucial to identify the needle 
tip. If the needle shaft is misidentified as the needle tip, 
because the probe is not in-plane with the needle, the nee-
dle tip may be further than appreciated and could damage 
critical structures. Many specialized needles are available 
for ultrasound- guided procedures. Needles marketed as 
echogenic typically have etching on the needle to increase 
the reflection of ultrasound beams back to the transducer. 
They may also include specific echogenic indicators at the 
tip. Needles with enhanced echogenicity are popular for 
ultrasound-guided nerve blockade and make needle visual-
ization easier [2]. Even with echogenic tips however, nee-

dles may be difficult to visualize when inserted at steep 
angles. Thus, several ultrasound manufacturers have added 
proprietary software tools for enhancing needle visualiza-
tion at steep angles (Fig. 12). Using a curvilinear probe will 
also make needles at steeper angles more visible. In addi-
tion, commercial needle guides are also available to hold 
needles in plane with an ultrasound probe to facilitate 
visualization.

8  Summary

As new applications of ultrasound become more prevalent, 
knowledge of its function is increasingly expected to provide 
optimal medical care. A basic understanding of ultrasound 
equipment and nomenclature is critical to serve as a founda-
tion for ultrasound guided procedures. This foundation, 
along with the diagnostic and interventional applications 
covered in subsequent chapters, will enable the use of bed-
side ultrasound in a variety of clinical settings.

Fig. 11 Left: An in-plane needle approach. Note that the needle is advanced in plane of ultrasound beam. Right: An out-of-plane needle approach. 
Note needle is advanced perpendicular to the ultrasound probe
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Basic Ultrasound Needling Techniques

Benjamin Portal, Karina Gritsenko, and Melinda Aquino

1  Introduction

Ultrasound guidance offers several advantages when com-
pared to blind techniques. These include a greater likelihood 
of success, fewer complications, and less time spent on a 
procedure. The art of optimizing an image produced by ultra-
sound is an essential skill for successful performance of an 
ultrasound-guided nerve block. Having a solid foundation 
and understanding of basic needling techniques will increase 
the success rate of the practitioner’s procedure.

2  In-Plane Vs out-of-Plane Approach

There are two basic approaches that are used to advance the 
needle to get to your target location; the in-plane and the out 
of plane approach.

During an in-plane approach, the needle is placed in line 
with the ultrasound transducer and parallel to the beam, 
which allows the needle shaft and tip to be constantly visual-
ized throughout the procedure (Figs.  1 and 2). Thus, the 
needle trajectory can be followed in real time. It is important 
to insert the needle at the center (or seam) of the ultrasound 
transducer. If the needle is not inserted in the middle, it is 
likely to be partially imaged or not at all. If the needle tip is 
out of view, one should not continue to advance the needle, 
as unseen adjacent structures can be damaged or one could 
overshoot the target. Instead, one should rotate or angulate 
the transducer probe to bring the needle tip back into view. 
Applying pressure with the transducer may also enhance 
imaging of the needle shaft. With the in-plane technique, the 
operator can oscillate the needle or inject fluid to find the tip 
of the needle via tissue displacement.

The out-of-plane technique is used when a wide field of 
view is needed and direct observation of the needle is not. In 

this technique, the needle is placed perpendicular to the 
transducer (Figs. 3 and 4). It is important to determine which 
side of the probe is medial vs lateral of the patient. The nee-
dle shaft and tip are visualized as a hyperechoic dot on ultra-
sound. However, visualization of the actual tip of the needle 
and shaft is difficult and unreliable. The needle tip may be 
difficult to locate accurately without the use of echogenic tip 
needles. Once the needle is penetrated through the skin, one 
method to find the needle is to slide the transducer toward the 
needle, and bounce the needle in the skin to differentiate the 
orb of the needle from the surrounding tissues. Once the 
needle is in view, the operator advances the needle with one 
hand while simultaneously advancing the transducer with the 
other hand at the same rate to keep the needle in view until 
the appropriate vessel or nerve is reached.
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3  Proper Needle Handling Techniques

Proper needle handling skills are required for accurate and 
smooth needle insertion during ultrasound guided nerve 

blocks. If the operator is not ambidextrous, many people pre-
fer to use the dominant hand to handle the needle and inject 
local anesthetic, while using the non-dominant hand to 
manipulate the ultrasound probe. It is imperative that the 
non-dominant hand holds the probe as still as possible in 
order to get a still image and to limit any motion which may 
take the needle out of view. Resting the non-dominant hand 
on the patient is a technique that is often utilized to minimize 
movement (Fig. 5). When the needle is introduced, the bevel 
is pointed upwards largely due to convention.

Advancing the needle using a short ‘in-and-out’ or ‘side- 
to- side’ motion causes deflection of the adjacent soft tissues 
and makes the trajectory of the needle more discernible 
within the otherwise stationary field [1].

The angle at which the needle shaft and US beam inter-
sect (needle-beam angle) greatly affects needle visibility. 
The smooth metallic surface of a standard needle is a specu-
lar reflector of US waves, hence a greater number of echoes 
will return to the transducer as the needle-beam angle 
approaches 90° [2].

As a result, in- plane needle tip and shaft visibility is bet-
ter at larger needle-beam angles; the optimal angle appears 
to be 55°. Needles placed perpendicular to the beam are eas-
ier to visualize than needles placed parallel or at a less acute 
angle to the beam.

Interestingly, out of plane needle tip visibility is better at 
smaller needle-beam angles (30°); however, the reason for 
this is not clear [3].

Fig. 2 In- Plane Technique

Fig. 3 Out of plane technique

Fig. 4 Out of plane technique

B. Portal et al.
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4  Needle Selection

Large bore needles are more easily seen and easier to direct 
under ultrasound. As such, they are often preferred for deep 
blocks. However, this comes at the expense of increased tis-
sue trauma and patient discomfort. Small bore needles are 
more difficult to visualize, but may produce fewer artifacts. 
Thus, they are preferred for more superficial blocks [4].

The use of a long bevel (14° angle) versus a short bevel 
(45° angle) needle can be a contributor to peripheral nerve 
injury. Selander et al. demonstrated in a rabbit sciatic nerve 
model that although the overall frequency of nerve injury 
was lower with short beveled needles, the severity of the 
injury was greater. Cadaveric studies suggest that an intrafas-
cicular injection is rare and difficult to accomplish with 
blunt-tipped block needles, even with an intraneural injec-
tion [5].

The short bevel non-cutting needles provide greater 
resistance, and therefore, enhance the feedback of the nee-
dle traversing different tissues. The long bevel cutting nee-
dles that are commonly available in the operating room do 
not provide as much tactile information while traversing 
different tissues [6].

Insulated needles may be used during ultrasound guided 
nerve blocks if nerve stimulation is desired. Furthermore, 
insulated needles are generally short bevel needles that are 
less sharp than the hypodermic needles. They are therefore 
less likely to produce paresthesia upon nerve contact than 
sharper hypodermic needles.

Echogenic needles are available, but are not specifically 
designed for nerve blocks at the present time. Needles with 
echogenic tips may greatly enhance visualization, especially 
when the needle is inserted using the out of plane approach. 
Echogenic needle designs can include a polymer coating that 
traps microbubbles or a dimpled distal shaft. The superior 
needle tip and shaft visibility of echogenic needles has been 
demonstrated in both the laboratory and clinical settings, and 
it is especially significant at small needle-beam angles 
[7–9].

There appears to be little difference in visibility between 
needles primed with either water or air. Inserting a guidewire 
will significantly increase needle shaft visibility. However, 
this effect is lost if very tightly-fitting guidewires are used, as 
there is no longer an acoustic interface between the shaft and 
guidewire. For the same reason, stylet and hollow needles 
have similar visibility. However, if a stylet is used, pumping 
the stylet up and down several times within the shaft may 
transiently increase needle echogenicity [10]. The effect of 
this “pump maneuver” is attributed to the formation of 
microbubbles about the needle tip and shaft [11].

5  Body Ergonomics

In order to have a successful block, proper body ergonomics 
are essential to handle the transducer and needle, while view-
ing the screen at the same time. Positioning helps to avoid 
operator fatigue and body injury, and also allows for a time- 
efficient performance of the procedure. All necessary equip-
ment should be within hands reach of the operator to 
eliminate any interference with the scanning procedure. In 
addition, the lights in the room should be adjusted in order to 
view the ultrasound machine, needles and procedural site 
adequately. The operator should orient and position the ultra-
sound machine to the side of the patient that allows for a 
direct line of vision while manipulating the needle and probe. 
The patient should also be leveled to the proper height rela-
tive to the operator. The operator should also learn how to 
hold the transducer properly. The hand should be placed 
close to the transducer contact as opposed to high up on the 
transducer. In addition, it is important to have both the arm 
and hand comfortably supported on the patient (Fig. 6).

Fig. 5 Proper Needle Handling

Basic Ultrasound Needling Techniques
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6  Conclusion

Understanding the basics of needling techniques and the dif-
ferent positions with which one can get a complete and accu-
rate picture, is the first step of mastering ultrasound guided 
diagnostic and regional techniques. It takes repetition, 
 practice and patience for the novice to gain control of the 
ultrasound probe while finding the needle in the correct ana-
tomical position. This chapter highlights the different nee-
dles, approaches, and proper body positions needed for a 

safe and effective approach to using ultrasound guidance for 
delivery of anesthesia or medication.
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Practical US Guided Vascular Access

Sean P. Clifford and Jiapeng Huang

1  Introduction

The ability to obtain vascular access is a required skill for 
nearly all medical and surgical specialties. Cannulation of 
veins and arteries is critical for the administration of fluids 
and medications; it also a necessity for the purpose of moni-
toring patient hemodynamics. The traditional landmark tech-
nique for obtaining vascular access is purely based on the 
presumed location of vessels, and blind insertion of a needle 
until blood is returned [1]. Confirmation of successful can-
nulation relies on crude measures such as blood pulsation, 
color of the aspirated blood, and pressure measurements 
with a fluid column or transducer. Landmark techniques for 
vascular cannulation have a 60–95% success rate with com-
plication rates as high as 5% to 19% [2]. Complications may 
include inadvertent arterial puncture, hematoma, pneumo-
thorax, hemothorax, arterial-venous fistula, venous air embo-
lism, nerve injury, thoracic duct injury, intraluminal 
dissection, intrathecal placement [3], and puncture of the 
aorta.

Ultrasound (US) technology has made significant contri-
butions to the safety, efficiency, and quality of vascular 
access in both pre-procedure screening and real-time proce-
dural guidance. The use of US imaging before or during vas-
cular cannulation greatly improves first-pass success rate and 
reduces complications. This is of particular importance in 
central venous catheterization, where arterial puncture fol-
lowed by placement of a large-bore cannula into the carotid 
artery poses a significant risk, including catastrophic events 
such as stroke and even death. The American Society of 
Echocardiography (ASE) and the Society of Cardiovascular 
Anesthesiologists (SCA) published their comprehensive 
guidelines for performing US guided vascular cannulation in 
2011 and strongly recommended real time US guidance dur-
ing IJV cannulation whenever possible with category A, 

level 1 evidence [1]. Both the Agency for Healthcare 
Research and Quality and the National Institute for Health 
and Care Excellence have also advocated US guidance for 
central venous access. Recent studies further demonstrate 
that US guidance may increase the safety of non-IJV, periph-
eral venous, and arterial access [4, 5]. In addition, US imag-
ing is helpful to diagnose catheter malposition and procedure 
related complications, such as thrombosis, hemothorax, and 
pneumothorax [6]. This chapter aims to provide a compre-
hensive, yet practical approach for US guided vascular 
access.

2  Principles of US Guidance for Vascular 
Access

Choosing the appropriate probe is the first step in achieving 
successful vascular access. The instrument of choice is a 
high frequency probe (≥7mHZ) with a smaller footprint, 
especially in pediatric patients. High frequency probes pro-
vide better resolution for superficial structures like arteries 
and veins. The disadvantage of high frequency probes is poor 
penetration, which is usually not a major issue during super-
ficial vascular access. Challenges with this probe may be 
noted in obese patients as well as in the access of deeper 
vessels, such as the femoral arteries and veins, as the probe’s 
lack of penetrance may not provide an optimized view. 
Commonly used linear array probes include the GE 9  L, 
Phillips L12–4mHZ, and Sonosite 13–6mHZ probes (Fig. 1).

Maintaining adherence to strict aseptic techniques is criti-
cal when using an US probe. A medium-sized clear dressing 
or a sterile probe cover should be placed over the US probe 
before imaging and guidance. Caution should be exercised to 
avoid any air bubbles between the dressing and the probe, 
since air causes significant acoustic shadowing and interfer-
ence with the imaging of tissue structures. A generous 
amount of sterile ultrasonic gel should be placed inside the 
probe cover and the probe surface should be in full contact 
with the gel. It is helpful to place a rubber band at the  concave 
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part of the US probe to create a tight seal so that the probe 
surface is immersed in the gel; the gel serves as an excellent 
conductor for the US beam. The image should be clear, high 
quality, and free from any artifact. Other aspects of sterile 
technique, such as use of antiseptic prepping solution and 
appropriate attire are key. This includes the use of masks, 
sterile gloves, and gowns to reduce venous and arterial cath-
eter related infections.

It is critical to ensure correct orientation of the probe indi-
cator so that screen display and intended anatomical target 
are consistent. The structures on the side of the orientation 
indicator may be displayed either at the left or the right side 
of the screen display depending on the manufacturer and set-
ting. It is essential to have awareness of this orientation 
before needle puncture and cannulation in order to avoid 
misidentifying key anatomic structures that could lead to 
potentially catastrophic complications. The operator should 
apply modest pressure on one side of the transducer to reveal 
the probe and screen display orientation. Following sterile 
gel application, the operator shall place the probe on the 
patient and maneuver the instrument while observing the 
screen to determine the appropriate anatomy and display ori-
entation. Most proceduralists orient the probe so that the 
needle will be inserted from the right side of screen and 
advance toward the left side (Fig. 2). Operators should adopt 
a consistent orientation method to avoid confusion and medi-
cal errors.

There are two methods of using US for vascular access: 
real-time guidance versus static imaging. In real time guid-
ance, the needle is simultaneously observed on the image dis-

play and directed toward the target vessel, avoiding 
surrounding structures. Static imaging uses the US beam to 
identify the site of needle entry point on the skin overlying the 
vessel [1]. Real-time techniques are the preferred method and 
have been shown to yield better results when compared with 
techniques that use US for landmark identification followed 
by traditional non–US-guided insertion [7]. When identifying 
potential cannulation sites in the neck, a pre- procedure 
screening prior to aseptic preparation should be performed on 
both sides to evaluate the anatomy, vessel size and patency, 
and needle pathway. This scanning should be performed 
cephalad to caudal and lateral to medial in a systematic fash-
ion in order to select the best cannulation site (bigger vessel, 
lack of thrombosis, increased distance from the artery, etc.). 
This pre-planning can prevent the breakdown of the sterile 
field after the drape has been secured, if the practitioner finds 
out that the prepped site is not ideal for cannulation secondary 

INDICATER

Fig. 1 Ultrasound probe orientation

Sterile Probe Cover
Gels Inside

Fig. 2 Sterile techniques for ultrasound guided vascular access
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to conditions such as a thrombosed vein, vein directly over 
the artery, large valve inside the vein, etc.

The practitioner should hold the US probe with the non-
dominant hand while the catheter/needle assembly is held with 
the dominant hand to allow for fine adjustments to the spatial 
relationship between the US probe (image plane) and catheter 
direction. The seemingly simple task of cannulation actually 
requires delicate hand-eye coordination to complete. For begin-
ners, it is recommended to move either the probe or the needle 
one at a time to obtain an optimized image of the needle and 
target structures. Once the needle is inserted past the subcuta-
neous tissue, the probe is manipulated to follow the trajectory 
of the needle with a focus on the needle tip. The practitioners’ 
attention should be focused on the images on the screen, not 
fixed on the actual needle itself. The hand on the needle should 
apply gentle aspiration at all times until blood is returned. Once 
direct vision of the needle entering the vessel and desired blood 
return is achieved, the US probe should be placed on the sterile 
field while the non-dominant hand moves to stabilize the nee-
dle. Subsequently, the angiocatheter or guidewire is advanced 
into the vessel with the dominant hand. US is then utilized to 
verify that the wire is in the desired vessel lumen.

3  Vessel Identification

Misidentification of a vessel with US is a common cause 
of unintentional arterial cannulation. Understanding the 
relative anatomic positions of the artery and vein is essen-

tial [1]. Use of 2-dimensional US, color Doppler, and 
spectral Doppler imaging should each be considered to 
help identify the appropriate vessel to cannulate. Veins are 
thin-walled, compressible, and have respiration-related 
changes in diameter. In contrast, arteries are thicker-
walled, not readily compressible by external pressure 
applied with an US probe, and are pulsatile during normal 
cardiac physiologic conditions (Fig.  3). To facilitate the 
separation between arteries and veins, patients should be 
placed in a head down position to increase the diameter of 
jugular and subclavian veins if tolerated. This maneuver 
is also helpful to reduce risks of air embolism due to the 
increased venous pressure. Note that pulsatility alone can-
not be used to identify an artery during clinical conditions 
such as cardiopulmonary bypass, nonpulsatile ventricular 
circulatory assistance, and cardiac arrest. Color flow 
Doppler will show pulsatile blood flow in an artery pre-
dominantly during systole; blood flow is uniform in color 
and present during both systole and diastole in a vein 
(Fig.  4). It is important to consider that the color RED 
only indicates that flow is directed toward the probe, and 
the color BLUE indicates that flow is moving away from 
the probe. Color alone cannot be used to differentiate 
artery from the vein and will change depending on imag-
ing angles. A pulse- wave Doppler within the vessel lumen 
displays a characteristic systolic, higher velocity flow 
inside an artery, while the flow in the vein is at a lower 
speed with biphasic systolic and diastolic components 
(Fig. 4).

Internal Jugular Vein

Carotid Artery

Internal Jugular Vei
Compressedn

Carotid Artery
Not Compressed

Fig. 3 Veins can be easily compressed with an ultrasound probe
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4  Vessel Abnormality Diagnosis

There are many pitfalls that can prevent successful cannula-
tion or cause serious patient harm. Anatomic abnormalities 
such as thrombosis, atherosclerosis, dissection, valve imped-
ance, or artificial grafts must be diagnosed before the proce-
dure to prevent complications. Once these diagnoses are 
made, the decision to abort the planned cannulation, switch 
to a different site, or adopt a different access approach should 
be considered carefully. Purposeful or inadvertent entry into 
an artery with significant atherosclerosis, thrombosis, or dis-
section could cause stroke, myocardial infarction, acute renal 
injury, or bowel ischemia. Accessing a vein with thrombosis 
induces pulmonary embolism predictably, with the potential 
to strain the right heart. If the is a right to left intracardiac 
shunt that allows the dislodged clot to enter the cerebral cir-
culation, a stroke may ensue.

Acute thrombi appear homogenous and anechoic or 
hypoechoic (black in appearance) on imaging. The vein 
walls where there are chronic thrombi are thickened with 
organized, hyperechoic and heterogeneous material attached. 
The veins are dilated and cannot be fully compressed (Fig. 5). 
The amount of pressure applied should be adequate to 
deform the adjacent artery to avoid false positive diagnosis. 
The clot may be seen attached to the wall or floating in the 
vessel lumen. A free-floating thrombus is always acute in 

nature. On color Doppler imaging, a filling defect of the 
lumen becomes evident and complete lack of color indicates 
complete occlusion [8].

An IJV valve is present in 80–100% of cases and it func-
tions to prevent retrograde flow from the right atrium to the 
brain. It is usually located in the distal portion of the IJV. A 
large venous valve could potentially cause difficult central 
venous catheter placement, and if multiple or forceful 
attempts to overcome resistance are performed, the possibil-
ity of damage exists [9]. Caution with the guidewire and cen-
tral line apparatus should be exercised when cannulating 
veins with valves (Fig. 6).

The carotid artery should be screened for abnormalities 
before attempting central venous line placement in the neck 
due to the potentially disastrous consequences of inadver-
tent arterial puncture or cannulation. Atherosclerotic plaques 
and calcification appear as irregular luminal narrowing and 
color Doppler may demonstrate aliasing with high flow 
velocities (Fig. 7a). Lack of color flow may exist when there 
is near complete or complete vessel occlusion. Carotid dis-
section can be diagnosed with a characteristic dissection 
flap or mural thrombosis that appears as a thickened 
hypoechoic wall (Fig. 7b). Synthetic vascular grafts are seen 
on US as tubular structures of uniform diameter with color 
completely filling the lumen during Color Doppler imaging. 
The wall is identified as echogenic, parallel lines or a series 
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Fig. 4 Color Doppler and Spectral Doppler used to differentiate veins from arteries.
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a b c

Fig. 5 A thrombosed internal jugular vein in 2D (a), Color Doppler (b), and with Compression (c)

Valve
ValveWire

a b

Fig. 6 An internal jugular vein valve in a distal (a) and a proximal (b) location. A guidewire is also imaged in (b)
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Fig. 7 Abnormalities of the carotid artery. (a): Atheroma of a carotid artery (b). Dissection of a carotid artery
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of lines and dots. Some reports suggest that percutaneous 
access of vascular grafts may be safe; however, manual 
compression for hemostasis may be required for most 
patients. Other access routes are preferred whenever possi-
ble, as puncture site complications including hematoma, 
pseudoaneurysm, infection, lower extremity ischemia, and 
graft rupture are frequent [10].

5  US Guidance Approaches

Three main US techniques for vascular cannulation have 
been described. The target vessel can be visualized and 
accessed in the short axis, long axis, or oblique axis. The 
short axis technique uses an out-of-plane needle access 
approach, while both long axis and oblique techniques adopt 
an in-plane approach.
 1. The Short Axis Out-of-Plane Approach (Fig.  8a): With 

the needle in the dominant hand and the US probe in the 
nondominant hand, the vessel is identified as described 
previously in a short axis view. The needle shaft and tip 
should be recognized from the characteristic echogenic 
appearance (hyperechoic or white) with ring-down rever-
beration artifact. The advantages of this technique are its 
ease of use and intuitiveness for novice operators. 
Disadvantages include the inability to view the full length 
of the needle and the potential for misinterpretation of the 
needle shaft as the needle tip. The tip may enter into 
undesirable structures outside the 2-dimensional imaging 
plane (such as the carotid artery during internal jugular 

vein cannulation) if this error is made. Three methods of 
needle insertion and visualization may be used.

 A. The needle is inserted at an almost 90-degree angle to 
the skin and immediately adjacent to the US probe. 
The needle is advanced slowly in the plane of US 
beam. Tissue tenting from the needle pressure or 
direct visualization of the needle itself is closely 
observed until blood flashback is obtained. When the 
needle tip has penetrated the wall of the vessel, the 
tenting will resolve and the vessel will appear to 
reopen. The needle tip should be observed inside the 
lumen of target vessel.

 B. The needle is inserted at a 45 to 60-degree angle to the 
skin with the entry point at the same distance from the 
probe as the depth of the vessel. The US probe is kept 
immobile and the needle is advanced along the 
45-degree path until blood flashback is obtained. The 
needle will not be visualized until it enters the US 
plane. Following vessel tenting, the needle tip shall be 
observed to enter the lumen of target vessel.

 C. The needle is inserted at a 45 to 60-degree angle to the 
skin and the entry point is adjacent to the US probe. 
As the needle advances, the US probe fans along the 
direction of needle progression. The goal is to follow 
the tip of the needle (bevel line) until it enters the 
lumen of the vessel and backflash is obtained. This 
requires a higher level of dexterity than the previously 
described techniques.

 2. The Long Axis In-Plane Approach (Fig. 8b). The transducer 
is placed in a longitudinal plane with the probe marker fac-

Out-of-Plane Short Axis In-Plane-Oblique In-Plane-Long Axis

a b c

Fig. 8 Three techniques for ultrasound guided vascular access

S. P. Clifford and J. Huang



35

ing cephalad to view the target vessel clearly. The needle is 
inserted just underneath the probe indicator. The needle 
should be visible as a bright, linear, hyperechoic structure 
advancing toward the target vessel. Careful maintenance of 
the long axis image of both the needle and vessel is critical 
as this allows visualization of the needle pathway and nee-
dle tip throughout the procedure. The disadvantage of this 
approach is the inability to view adjacent vessels or other 
important anatomic structures; slight deviation of the nee-
dle direction may cause unintended injury.

 3. The Oblique In-Plane Approach (Fig. 8c): The short axis 
view of the target vessel is obtained, and the probe is then 
turned 30–45 degrees clockwise to obtain a lateral cepha-
lad to medial caudad view of both artery and vein. The 
needle is inserted directly at the cephalad end of the probe 
and advanced in plane toward the target vessel. Blood is 
aspirated as the needle tip is visualized entering the lumen 
of the vessel. The advantage of this technique is the ability 
to view both artery and vein at the same time; the true nee-
dle tip can be followed as it enters the target vessel [11].

6  US Guided Internal Jugular Vein 
Cannulation

6.1  Pre-Procedure Checklist

It is advised to check and correct the coagulation status 
before central line placement. Inadvertent arterial puncture is 

a common mechanical complication of central line place-
ment and may lead to hemothorax, hematoma, carotid artery 
dissection and stroke. US guidance reduces arterial puncture 
by 90% compared to landmark approach and complications 
are virtually eliminated [12]. Several studies demonstrate no 
major complications in patients with bleeding diathesis using 
US guided central venous access, [13–14] suggesting that 
routine correction of coagulopathy might not be necessary. 
However, if coagulopathy is present, the internal jugular vein 
is an optimal choice due to its superficial position and com-
pressibility. Experienced proceduralists should perform the 
procedure with an in-plane techniques to avoid arterial punc-
ture in this scenario.

6.2  US Screening

Each side of the neck should be scanned systematically 
before the decision is made on the location of IJV cannu-
lation. The scanning should be performed in the cephalad 
to caudal and medial to lateral directions. Critical struc-
tures should be identified and abnormalities diagnosed. 
The trachea is a hypoechoic structure underneath the 
hyperechoic tracheal rings, which creates a comet tail 
artifact inside the airway. A normal thyroid gland can be 
visualized as a homogenous structure demarcated by clear 
anatomic borders. The gland is surrounded by a layer of 
deep fascia which anchors the gland to the trachea and 
larynx (Fig. 9).

Internal
Jugular Vein

Carotid
Artery

Sternocleidomastoid
Muscle 

Trachea
Thyroid

Comet Tail 

a b

Fig. 9 Ultrasound screening of the neck from medial to lateral. In the medial position, trachea and thyroid are identified. In the lateral position, 
sternocleidomastoid muscle, carotid artery and internal jugular vein are identified
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The relationship between the carotid artery and internal 
jugular vein varies significantly among patients and can be 
altered with head rotation and extension. In 49.8% of 
patients, the IJV lies lateral to the carotid artery. However, 
22.5% of patients have the IJV positioned right above the 
carotid artery, and in 4.5% of patients, the IJV is actually 
medial to the carotid artery [1]. Preplanning of needle path 
with US is essential to avoid inadvertent carotid puncture.

Any abnormalities of the carotid artery (atheroma, dissec-
tion, or thrombus) and IJV (thrombus, valve, or foreign bod-
ies) should be diagnosed, and that vessel should be avoided 
for puncture. We recommend scanning the entire neck down 
to the clavicle and subclavian vein to potentially identify a 
proximal thrombus, which would present a contraindication 
for cannulation.

6.3  Step-by-Step US Guided IJV 
Cannulation (Fig. 10)

 1. The patient should be placed in Trendelenburg (head- 
down) position to increase the size of the IJV and reduce 
the incidence of air embolism.

 2. Perform pre-procedure ultrasonic screening to deter-
mine which side should be cannulated.

 3. Perform hand hygiene and use maximal sterile barrier 
precautions (i.e. mask, cap, gown, sterile gloves, and 
sterile full-body drape).

 4. Perform skin antisepsis with >0.5% chlorhexidine with 
alcohol.

 5. The US machine should be placed in a clear line of sight, 
so that the operator can visualize both the area of skin 
insertion and US screen without significant neck 
movement.

 6. A sterile US probe cover should be applied over the high 
frequency US cable and probe, which should be 
immersed in sterile gel to improve image quality. It is 
critical to eliminate any air bubbles between the plastic 
cover and the probe to avoid acoustic shadowing and 
interference with the imaging of tissue structures.

 7. Apply a generous amount of gel to the sterile neck area. 
Hold the US probe with the nondominant hand and scan 
the neck from medial to lateral and cephalad to caudad 
to identify abnormalities of the airway, thyroid gland, 
carotid artery and internal jugular vein. Make sure to 
scan all the way down to the clavicle and fan toward the 

Fig. 10 Internal jugular venous cannulation
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feet to rule out venous thrombosis in the proximal IJV 
and superior vena cava.

 8. Position the probe indicator so that the image on the 
screen is aligned with the anatomic orientation.

 9. Differentiate the IJV from carotid artery using 
2- dimensional, color Doppler and spectral Doppler as 
described previously. Pay special attention to the relative 
relationship between the IJV and carotid artery (Fig. 11).

 10. Turn the patient’s head or flex/extend the head under real 
time US guidance so that the distance from the IJV to the 
carotid artery is maximized to avoid inadvertent arterial 
puncture.

 11. Keep the IJV in the center of the US display and use the 
midline of the transducer as a visual guide. Very gentle 
pressure should be applied to avoid venous compression 
that would make vascular access more difficult.

 12. Insert the needle into the skin at a 45 to 60-degree angle 
(unless using the 90-degree short axis approach) while 
maintaining constant negative pressure in the syringe. 

The needle should be introduced with a bevel up orienta-
tion to improve needle tip visualization and facilitate 
guidewire insertion.

 13. As the needle advances deeper into the neck, the needle 
shaft and tip will produce an echogenic artifact with ring 
down reverberation (Fig.  12). Depending on whether 
this is an in-plane or out-of-plane approach, the needle 
tip is continuously visualized with the US probe. Slight 
fanning, tilting, or rocking of the probe may be required 
to maintain an optimized view. When the needle contacts 
the venous wall, tenting will be produced that will even-
tually resolve once the needle penetrates the vessel wall 
(Fig. 12). The negative pressure applied to the syringe 
will now ease and a backflash of venous blood will be 
observed in the syringe.

 14. The syringe is removed from the needle, and the guide-
wire is passed through the needle into the IJV. Transverse 
and longitudinal views should be obtained to note appro-
priate guidewire location inside the IJV and not other 
critical structures such as the carotid artery. The authors 
recommend scanning as close to the superior vena cava 
as possible to ensure the guidewire does not go down the 
arms or in cephalad direction (Fig. 13). The ASE and the 
SCA recommend that real-time US be used for confir-
mation of successful vessel cannulation. It is vitally 
important for the guidewire to be visualized in the target 
vessel and that the adjacent structures be examined to 
confirm the absence of the guidewire. Because there 
may be ambiguity of the guidewire tip with short axis 
US imaging alone, manometry with a fluid-filled cathe-
ter through a flexible catheter in the vessel is recom-
mended when long axis imaging is not used for 
confirmation of venous catheter placement. When avail-
able, transesophageal echocardiographic or fluoroscopic 
imaging of the guidewire in the superior vena cava or 
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Fig. 11 Oblique In-Plane Approach Internal Jugular Vein Sonoanatomy
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Fig. 12 Incremental imaging of needle advancement into the internal jugular vein
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inferior vena cava provides definitive confirmation of 
placement into the central venous system [1].

 15. Dilate the central line tract with a dilator and insert the 
preassembled central line apparatus. Secure the central 
line with dressing. After this is completed, ensure that 
the wire is removed.

 16. Perform lung US to rule out pneumothorax and hemo-
thorax. Using the same high frequency probe, both the 
anterior and posterior bilateral lung fields should be 
scanned systematically. The probe indicator should be 
pointed to the head and perpendicular to the pleura. The 
pleural line between the ribs (highly reflective and white 
appearance with acoustic shadowing below) can be eas-

ily identified with characteristic sliding with breathing 
and pulsation with heart contraction (Fig. 14). Absence 
of sliding, lung pulse, and identification of a lung point 
(the junction between normal lung sliding and absence 
of lung sliding) shall raise high suspicion for pneumo-
thorax. Fluid accumulation (black on US) in the poste-
rior lung field should raise serious concerns for 
hemothorax due to vessel injury [15].

 17. The guidewire and other catherization instruments 
should be counted when the procedure is finished to 
prevent accidental guidewire retention inside the body. 
Guidewire retention is a rare complication of central 
venous catheter placement, and has been related to 

Guidewire in Short Axis View Guidewire Long Axis View

Guidewire 

Vein

Guidewire 

Vein

Fig. 13 A guidewire within the internal jugular vein, in both short and long axis views

Lung Ultrasound

Rib

Pleura

Rib

M Mode Lung Ultrasound-Sea Shore Sign

Lung Pulse

Fig. 14 Normal lung ultrasound with typical sliding, lung pulse and sea shore sign
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operator fatigue, inexperience, inattention, and inade-
quate supervision of trainees. Recurring scenarios in 
cases involving guidewire loss include the worsening 
of patients’ clinical condition during catheter place-
ment as well as complex procedures necessitating 
more than one guidewire insertion. Intraoperative 
guidewire loss occurs at an estimated rate of 1:3291 
procedures [19].

7  US Guided Subclavian Vein 
Cannulation

To cannulate the subclavian vein, both supraclavicular and 
infraclavicular approaches can be utilized. US scanning of 
the subclavian vein is limited by the clavicle as US cannot 
penetrate bone. In general, a smaller footprint probe is pre-
ferred due to the small space between the clavicle and ribs; 
however, a large high frequency probe can still be used [16]. 
The ASE and the SCA state that high-risk patients may ben-
efit from US screening of the subclavian vein before 
attempted cannulation to identify vessel location and patency 
as well as to specifically identify a thrombus before attempted 
cannulation [1].

Three approaches are recommended for real-time US 
guidance of subclavian vein cannulation including: supracla-
vicular in-plane, infraclavicular in-plane, and infraclavicular 
out-of-plane techniques (Fig. 15).
 1. The patient should be placed in Trendelenburg (head- 

down) position to increase the size of IJV and reduce the 
incidence of air embolism.

 2. Perform pre-procedure ultrasonic screening to decide 
which side should be cannulated.

 3. Perform hand hygiene and use maximal sterile barrier 
precautions (i.e. mask, cap, gown, sterile gloves, and 
sterile full-body drape).

 4. Perform skin antisepsis with >0.5% chlorhexidine with 
alcohol.

 5. The US machine should be placed in a clear line of sight 
for the operator so that the operator can visualize the 
area of skin insertion and US screen without significant 
neck movement.

 6. A sterile US probe cover should be applied over the high 
frequency probe, which should be immersed in sterile 
gel to improve image quality. It is critical to eliminate air 
bubbles between the plastic cover and the probe to avoid 
acoustic shadowing because US can’t transmit through 
air.

 7. Apply a generous amount of gel to the sterile area. Hold 
the US probe with the nondominant hand and scan the 
subclavian vessels from either the supraclavicular or 
infraclavicular position.

 8. Position the probe indicator so that the image on the 
screen is aligned with the anatomic orientation.

 9. Differentiate the subclavian vein from subclavian artery 
using 2-dimensional, color Doppler and spectral Doppler 
as described previously. It is important to distinguish 
between pulsatility of the vein due to respiratory varia-
tion and pulsatility of the artery. Confirmation of the 
venous circulation can be facilitated by the injection of 
agitated saline or “echo contrast” into a vein of the ipsi-
lateral arm (if available) with subsequent imaging of the 
microbubbles in the vein [1] (Fig. 16). Pleura is identi-
fied as a bright line inferior to the subclavian vessels, 
and it should never be entered to avoid the risk of 
pneumothorax.

Supraclavicular In-Plane Infraclavicular In-Plane Infraclavicular Out-of-Plane

Fig. 15 Ultrasound guided subclavian vein cannulation techniques

Practical US Guided Vascular Access



40

 10. Insert the needle into the skin at a 45 to 60-degree angle 
while maintaining constant negative pressure in the 
syringe. The needle should be introduced with a bevel 
down orientation to facilitate guidewire insertion into 
the superior vena cava.

 11. As the needle advances deeper toward the subclavian 
vein, the needle tip is followed by either not moving the 
probe for in-plane technique or by fanning the probe for 
out-of-plane technique until the target vessel is entered.

 12. The syringe is removed from the needle and guidewire 
passed through the needle into the subclavian vein. 
Using the approach described above, appropriate place-
ment of the guidewire is confirmed.

 13. Dilate the central line tract with a dilator, and insert the 
preassembled central line apparatus. Secure with the 
apparatus with and appropriate dressing.

 14. Lung US is used to rule out pneumothorax and hemotho-
rax as described above. The incidence of pneumothorax 
is higher with subclavian cannulation compared to inter-
nal jugular cannulation.

 15. The location of the guidewire should be noted when the 
procedure is finished to prevent accidental guidewire 
retention inside the body.

8  US Guided Femoral Vein Cannulation

Femoral vein access has several advantages in critically ill 
patients due to avoidance of complications such as pneumo-
thorax, hemothorax, and interruption of cardiopulmonary 
resuscitation during cardiac arrest. However, femoral vein 
access presents risks of bleeding, vascular injury, and signifi-

cant infectious complications. US-guided femoral vein can-
nulation reduces the incidence of complications due to the 
lower rate of inadvertent vessel puncture [17].

Both in-plane and out-of-plane approaches have been 
utilized for femoral vein cannulation. The common femoral 
artery, femoral vein and femoral nerve lie within the femo-
ral triangle in the inguinal-femoral region (Fig.  17). 
Because the femoral nerve and artery usually lie lateral to 
femoral vein, an in-plane technique might cause injury to 
the artery and nerve during the advancement of the needle. 
An out-of-plane approach is therefore the preferred tech-
nique. Following the same steps as described for neck vein 
cannulation, the needle tip should be visualized as it enters 
the femoral vein and the guidewire position should be 
confirmed.

9  US Guided Artery Cannulation

Arterial access is important for hemodynamic management 
in the critically ill patient. Common sites of arterial can-
nulation include the radial, brachial, femoral, axillary, and 
dorsalis pedis arteries. The major advantages of radial 
artery cannulation are that the hand has a dual blood supply 
and the artery is generally superficial with a non-tortuous 
pathway. US guidance for arterial cannulation improves 
success and reduces time to cannulation in comparison to 
the palpation method [18]. US guidance is particularly use-
ful for patients with large body habitus, altered anatomy, 
low perfusion, nonpulsatile blood flow (such as in left ven-
tricular assist device patients), and previously unsuccessful 
cannulation.

Subclavian Short Axis View

Pleura

SC Vein

SC Artery

Subclavian Long Axis View

Pleura

SC Vein

SC Artery

Fig. 16 The subclavian vein in short and long axis views. (SC subclavian)
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On US, the artery can be distinguished from the vein by the 
following features: lack of complete compressibilty, predomi-
nantly systolic blood flow, and higher velocity. Both in- plane 
and out-of-plane techniques can be used to cannulate the 
artery over the needle or over a guidewire (Fig. 18). The use of 
a probe covers and other sterile techniques should be observed 
for arterial cannulation as it is for central venous cannulation.

10  US Guided Peripheral Venous 
Cannulation

US-guided peripheral vein cannulation is a rescue technique 
usually performed after failed attempts with the palpation 
technique or in patients with known difficult access [12]. 
Large veins of the arm, such as the cephalic, basilic and bra-

Femoral Vein

Femoral Artery

Short Axis View

Femoral Vein

Femoral Artery

Long Axis View

Fig. 17 The femoral vein in short and long axis views

Short Axis View

Long Axis View

Fig. 18 The radial artery in short and long axis views
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chial veins are the easiest to cannulate and therefore pre-
ferred options. US reduces the cannulation time and number 
of attempts [12].

Peripheral veins can be cannulated with both long and 
short axis approaches (Fig. 19). Because the peripheral veins 
are easily compressed and venous valves are frequently pres-
ent, the.

use of the Seldinger technique can improve the success 
rate. This entails advancement of a guidewire through the 
needle after successful US guided puncture with subsequent 
catheter placement over the guidewire.

11  Troubleshooting for Guidewire 
Advancement

Even if the needle is successfully inserted into the target ves-
sel, it is not guaranteed that the guidewire will advance 
smoothly. If the guidewire is not in proper place, it is very 
dangerous to insert and force the catheter apparatus. There 
are many scenarios that can inhibit the ability of the guide-
wire to advance smoothly, and each of the following situa-
tions should be managed accordingly based on US imaging 
and other diagnostic information.
 1. The tip of the needle is partially inserted into the vessel. 

The guidewire goes outside of the vessel wall during 
advancement (Fig. 20a).

Diagnosis: Wire is not observed inside the vessel lumen.
Management: Advance the needle so that the tip is com-

pletely inside the lumen and re-advance the guidewire. If the 
vessel is very small, further head-down position or a Valsalva 
maneuver might be helpful in enlarging the vessel to accom-
modate the full needle tip.
 2. The bevel is positioned incorrectly and not in the direc-

tion of blood flow. The guidewire goes the opposite direc-
tion of the blood flow (Fig. 20b).
Diagnosis: The bevel of the needle is directed to the oppo-

site path of blood flow on US.
Management: Turn the bevel to align with the blood flow 

direction under real-time US guidance.
 3. Valves inside the vein preventing guidewire advancement 

(Fig. 6).
Diagnosis: The venous valve can be easily diagnosed with 

US, and the wire might be caught on the valve.
Management: Manipulate the wire past the valve under 

real-time US guidance. Using 3D or bi-plane views might be 
helpful. If difficulty is still encountered, the procedure should 
be aborted and an alternative site attempted.
 4. The proximal vessel (close to the heart) is stenotic either 

from internal atheroma and thrombosis or from external 
compression by a hematoma or other structures 
(Fig. 20c, d).
Diagnosis: Longitudinal view of the target vessel will 

reveal the small diameter of proximal vessel and identify the 
causes of narrowing.

Management: Gently manipulate the guidewire to pass 
the stenotic region under real time US guidance.
 5. The guidewire enters into a branch vessel, not the proxi-

mal target vessel. This is especially true for IJV cannula-
tion when the wire is crossed through the innominate vein 
onto the left side(Fig. 20e).
Diagnosis: Longitudinal view of the target vessel and 

branch vessel shall identify the wire inside the branch 
vessel.

Management: Withdraw the guidewire and change the 
direction of advancement under real-time US guidance.
 6. Congenital anomalies. In patients with left persistent supe-

rior vena cava, the left neck vein is drained directly into the 
coronary sinus and the guidewire will be difficult to 
advance. Sometimes, the left side neck veins are  connected 
to the left atrium, a bridge vein, or to the pulmonary veins 
causing great resistance to guidewires. For the right supe-
rior vena cava, there are anomalies such as lack of direct 
connection to the right atrium, total absence of right supe-
rior vena cava, and connection to the left atrium.
Diagnosis: It is challenging to diagnose these conditions 

with high frequency probes alone, due to inadequate penetra-
tion and inability to view deeper structures.

Management: In these situations, the procedure should be 
abandoned and alternative sites attempted.

Vein

Vein

Fig. 19 ultrasound of the peripheral basilic vein with and without 
color Doppler
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12  Conclusions

US technology has revolutionized vascular access and 
improved the safety and efficiency of this common medical 
procedure. For internal jugular vein cannulation, real-time 
US guidance should be used whenever possible to improve 
cannulation success and reduce complications. For other 
vessels, US guidance should be used as a rescue solution or 
at least as a screening tool. Proper training is necessary to 
understand the US anatomy, identify the optimal entry site 
and needle angle, and the limitations of the US-guided 
technique.
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Ultrasound for Head Assessment: 
Diagnosis and Treatment
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1  Introduction

Ultrasound imaging of the head can be a useful screening 
and confirmation tool for a wide range of pathology in fetal, 
infant, and adult life. It is commonly performed on infants 
due to incomplete formation of the structures of the skull and 
wide fontanelles, creating a window and making visualiza-
tion of the cranium more feasible. Transcranial Doppler 
ultrasound evaluates blood flow in the major arteries of the 
brain. Common uses of ultrasound imaging of the head 
include evaluation for hydrocephalus, screening for intraven-
tricular hemorrhage and periventricular leukomalacia, evalu-
ation for congenital abnormalities, assessing risk of stroke, 
and localization of infections or tumors among others. 
Limitations of ultrasound include sensitivity to motion, such 
as an active or crying child, or larger patients with a resulting 
necessary increased depth of visualization. This chapter will 
discuss ultrasound of the head, its applications, methodology 
of performance for each application, and its contraindica-
tions and complications.

2  Basic Anatomy Markers in Intracranial 
Ultrasound

Cranial ultrasound can be performed a various number of 
ways, however Lowe and Bailey proposed a step-wise tech-
nique that can be followed by any provider [1].
 1. Begin with gray scale imaging performed with a linear- 

array transducer via the anterior fontanelle in the coronal 
and sagittal planes.

 2. Six to eight coronal images are obtained beginning at the 
frontal lobes just anterior to the frontal horns and extending 
to the occipital lobes posterior to the lateral ventricle trigones.

 3. The transducer is rotated 90 degrees, and five images are 
obtained, including a midline sagittal view of the corpus 
callosum and cerebellar vermis in addition to the bilateral 
parasagittal images beginning in the midline and pro-
gressing laterally through the peripheral cortex.

 4. Four color Doppler images may be obtained for screening 
vascular structures. This is done via color Doppler image 
of the Circle of Willis via the anterior or temporal fonta-
nelle, used ot localize the middle or internal cerebral 
artery. Peak systolic velocity, end-diastolic velocity, and 
resistive index are measured.

 5. Venous systems are evaluated for patency, also via a color 
Doppler image of the sagittal sinus and vein of the Galen 
in the sagittal plane.

 6. Power Doppler imaging can search for areas of hyper- or 
hypo-vascularity as it may occur with various forms of 
vascular occlusion, ischemia, or infarction.

 7. Lastly, screening images via other supplemental fonta-
nelles and high-resolution linear images are needed. 
Visualization of the cerebellar hemispheres is optimized 
by improving detection of posterior fossa hemorrhages. 
Adjunct color Doppler images via the posterior fontanelle 
or foramen magnum can be used to screen for patency of 
transverse sinuses. Switching from a curved- to a linear- 
array transducer via the anterior fontanelle allows detailed 
interrogation of the convexity subarachnoid space and 
superficial cortex as well as deeper brain structures.
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Examples of neonatal ultrasound via images for Figs. 1, 2, 
3, 4, 5, and 6 are adapted from Ultrasoundpaedia [2].

2.1  Transabdominal and Transperineal 
Ultrasound

Labor and its progress is one of the main uses of ultra-
sound of the head. Head position can be assess via transab-
dominal ultrasound relative to the occiput position 

transformed to a 12-hour clock face, and fetal head station 
can be defined as head-perineum distance by transperineal 
ultrasound. Fetal head position evaluation via ultrasound 
has been shown to be feasible and more accurate than cer-
vical exam and vaginal examination in determining pro-
gression of labor [3]. In addition, fetal head ultrasound in 
the labor and delivery setting can help predict obstetric 
anal sphincter injuries (OASIS). Fetal head circumference 
percentile is associated with OASIS directly, as the larger 
the percentile the greater the risk [4]. Severe perineal lac-

Normal SagittalNormal Sagittal

Fig. 1 Normal Sagittal view of the cranium via the anterior fontanelle. Labeled important markers of the sagittal view of the cranium via the 
anterior fontanelle

Normal Coronal Normal Coronal

Fig. 2 Normal Coronal view of the cranium via the anterior fontanelle. Labeled important markers of the coronal view of the cranium via the 
anterior fontanelle
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erations impact short and long term health outcomes such 
as dyspareunia, fecal and urinary incontinence, and peri-
neal pain. Use of this technique can help clinicians predict 
and better manage the outcomes of this common 
complication.

2.2  Cerebrovascular Function

Transcranial Doppler ultrasound (TCD) is an exceptional 
tool to evaluate cerebrovascular function. TCD assesses 
blood velocities within the cerebral vessels, cerebral auto-

Normal sagittal at the 3rd and 4th ventricles. Normal sagittal at the 3rd and 4th ventricles.

Fig. 3 Normal sagittal view of the cranium via the anterior fontanelle at the third and fourth ventricles. Labeled important markers of the sagittal 
view of the cranium via the anterior fontanelle at the third and fourth ventricles

Normal anterior coronal neonatal brain. Scan, angling forward of
this point as far as possible to the ‘bulls-horns’ of the sphenoid

bone.

Normal anterior coronal neonatal brain. Scan, angling forward of
this point as far as possible to the ‘bulls-horns’ of the sphenoid

bone.

Fig. 4 Normal anterior coronal neonatal brain. Scan done via angling forward of this point as far as possible to the bulls-horn of the sphenoid 
bone. Labeled important markers

Ultrasound for Head Assessment: Diagnosis and Treatment
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regulation, cerebrovascular reactivity to CO(2), and neuro-
vascular coupling, in both physiological states and in 
pathological conditions such as stroke and head trauma [5]. 
Accurate TCD relies upon the examiner’s technical skill and 
anatomical knowledge. Three approaches are generally used: 
The transtemporal approach, the transocular approach to the 
carotid siphon, and the suboccipital or foramen magnum 

approach to the basilar artery and the intracranial segments 
of the vertebral arteries (Table 1). As the cerebral vascular is 
dynamic and vessel lumen size may change relative to 
pCO(2) levels, neurometabolic status, blood flow rates, and 
oxygen saturation of the blood, the examiner should keep in 
mind the clinical picture of the patient when assessing their 
cerebrovascular function via TCD

Normal parasagittal at the lateral ventricles. Normal parasagittal at the lateral ventricles.

Fig. 5 Normal parasagittal view at the lateral ventricles. Labeled markers

Normal posterior coronal using a liner array transducer.
Zoomed at the level of the trigone of the lateral venticles,

visualising the body of the choroid plexii.

Normal posterior coronal using a liner array transducer.
Zoomed at the level of the trigone of the lateral venticles,

visualising the body of the choroid plexii.

Fig. 6 Normal posterior coronal view using a linear array transducer, zoomed into the level of the trigone of the lateral ventricles to visualize the 
body of the choroid plexii. Labeled markers

A. D. Kaye et al.
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2.3  Transcranial Ultrasonography 
of the Brain Parynchema

Transcranial Ultrasonography (TCS) displays the brain 
parenchyma and intracranial ventricular system through the 
skull. Application if this technique is useful for many disease 
states specific to the cell bodies of the brain, in particular 
Parkinson’s Disease, damage from ischemic injury, lenticu-
lar nucleus hyperechogenicity, and confirming postoperative 
position of deep brain stimulation electrodes. Intracerebral 
Hemorrhage appears homogenous, sharply demarcated and 
hyperechogenic in the acute phase. TCS specifically can be 
used for monitoring growth of the fluid collection, midline 
shift, and decrease in echogenic intensity as time passes 
(Fig. 7a, b).

TCS has been suggested to be beneficial for the early and 
differential diagnosis of Parkinson’s Disease (PD). Substantia 
Nigra (SN) hyperechogenicity is found in about 90% of PD 
patients at cross section and is independent from PD duration 
and severity. In addition, this finding is present in about 9% 
of adults without a diagnosis of PD, and ongoing research is 
occurring to determine whether or not this is a valuable 
screening tool for the later development of PD in healthy 

patients with this finding. The combined finding of motor 
asymmetry, hyposmia and SN hyperechogenicity as a cost- 
effective method of confirming PD, with a specificity of 
nearly 100% if all three findings are present as evidenced by 
a 2012 study of over 600 patients [6]. Normal and abnormal 
findings are shown in Fig. 8.

2.4  TCS for Post-Operative Localization 
of Brain Implants

Deep Brain Stimulation (DBS) final lead placement is on 
average 2 mm away from the initial selected target site sec-
ondary to caudal brain shift after the cranium is opened and 
closed. Sufficient imaging techniques post-operatively is 
therefore necessary, and TCS is a valuable tool for 
 confirmation of DBS electrode location. Gross DBS lead 
location is easily detected with TCS and can be seen in 
Fig. 9 a–d.

2.5  Novel Screening for Zika Virus

The Zika virus epidemic that occurred from January first 
2016 to November 2016 caused global distress with a 
resulting race to learn a great deal about this travel-associ-
ated disease. Zika virus is a novel teratogenic agent associ-
ated with cerebral anomalies. Assessment of antenatal 
diagnosis and prognosis in fetuses was initially extremely 
difficult, however ultrasound imaging of the head in the 
first trimester or early second trimester was shown to be 
beneficial in early detection of cerebral abnormalities by 
those at the Pluridisciplinary Center for Prenatal Diagnosis 
of Martinique. Fourteen pregnant women with confirmed 

Table 1 Commonly Used Planes of Approach for Transcranial 
Ultrasound

Foramen 
Magnum 
Approach

The foramen magnum is a passage of the central 
nervous system through the skull which connects 
the brain and the spinal cord. An occipital 
condyle is on either side of the foramen magnum.

Transtemporal 
approach

The transtemporal window is located above the 
zygomatic ridge between the lateral canthus of 
the eye and auricular pinna.

Transorbital 
approach

Passing through the eye socket.

a b

Fig. 7 (a, b): (a): CT image corresponding to the TCS image shown in (b) of a large intracerebral hematoma. (b): Corresponding TCS image 
showing acute increased echogenic hematoma. (Image from Walter [7])
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a b c

Fig. 8 Increased echogenicity of the lenticular nucleus can be seen in (c), relative to the normal findings in (b) and the corresponding MRI in (a). 
(Image from Walter [7])

a b

dc

Fig. 9 (a–d): Postoperatie transcranial sonography of a patient with 
DBS and unilateral lead placement secondary to right sided lead dislo-
cation. (a): TCS image showing left sided DBS lead tip in the subtha-
lamic nucleus while the right-sided DBS electrode is not displaced due 

to dislocation. (b): TCS image showing more cranial parts of the left 
sided DBS lead and the tip of the dislocated right sided lead. (c): CT 
scan corresponding to (a). (d): CT scan corresponding to (b). (Image 
from Walter [7])
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Zika virus infection had fetal head transabdominal ultra-
sound at several points between 16 and 28 weeks of gesta-
tion. It was found that while only 33% of fetuses had an 
abnormal ultrasound at 16–20 weeks of gestation, 90% had 
abnormalities between 20 and 24 weeks of gestation, with 
all developing abnormalities by 24–28 weeks of gestation. 
Major anomalies identified were ventriculomegaly (12 
fetuses, 86%), cortical atrophy (11, 79%), calcifications 
(ten, 71%; particularly located at the corticosubcortical 
junction), and anomalies of the corpus callosum (ten, 71%). 
Prenatal assessment of head circumference measurement 
by imaging was not an effective screening tool for congeni-
tal Zika virus infection, with microcephaly only identified 
in nine (64%) fetuses. Thus, ultrasound monitoring was 
considered to be a good screening strategy to monitor Zika 
virus-exposed pregnancies, focusing at 22–26  weeks of 
gestation for confirmation of Zika-associated fetal abnor-
malities. In addition, identification of ventriculomegaly, 
cortical atrophy, calcifications, and anomalies of the corpus 
callosum should prompt laboratory screening for Zika virus 
in the mother [8].

3  Conclusion

Ultrasonography of the head has a wide variety of applica-
tions in a diverse set of patient populations. Its ability to 
monitor for vascular and parenchymal based changes make it 
a robust and dynamic imaging technique that can be adapted 
to almost any situation – whether it be traumatic or a routine 
outpatient screening procedure. With no radiation exposure, 
no to minimal discomfort during the procedure, and safety 

regarding infection and complication, ultrasonography of the 
head continues to be a leading option for visualization of the 
cranial structures.
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Ultrasound-Guided Neck Assessment
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1  Introduction

Complications resulting from difficult intubations are not 
uncommon, and can result in significant morbidity and 
mortality. Information garnered from ultrasound (US) of 
the neck can provide valuable diagnostic information and 
aid in the preoperative assessment of the airway. Unlike 
CT scans or MRIs, ultrasound can provide real-time and 
dynamic information regarding the airway during the 
respiratory cycle. However, due to the high acoustic 
impedance of air, and because airway structures are filled 
with air, posterior structures of the airway cannot be ade-
quately visualized [1, 2]. There are many important struc-
tures in the neck that can be evaluated using US.  This 
chapter will focus strictly on the thyroid gland and the 
airway structures within the neck. Portions of the airway 
that can yield information, which can have clinical impli-
cations, include (but are not limited to): hyoid bone, vocal 
cords, cricoid cartilage, cricothyroid membrane and the 
trachea.

2  Hyoid Bone

2.1  Anatomy

The hyoid bone is a horseshoe-shaped, sesamoid bone 
located in the anterior neck. It has a central body, a pair of 
greater horns, and a pair of lesser horns. It sits at the base of 
the tongue, and with the neck in neutral position the mandi-
ble is found anteriorly, epiglottis and pharynx posteriorly 
and larynx inferiorly. Ten muscles on each side of the neck 
attach to the hyoid bone, and connect the bone to the man-
dible, tongue, thyroid cartilage, skull, manubrium and even 
scapula [3].

2.2  Sonoanatomy

For the purpose of ultrasound evaluation, the hyoid bone 
separates the upper airway into the suprahyoid and infrahy-
oid regions. When the probe is placed submentally in the 
sagittal plane the hyoid bone marks the posterior limit of the 
frame, and the floor of the mouth and the tongue can be eval-
uated [4]. The infrahyoid region includes the visceral, peri-
vertebral, carotid, retropharyngeal, and anterior and posterior 
cervical spaces [5]. Ultrasound of the hyoid bone itself 
reveals a bright, hyperechoic structure, and can be done in 
either the transverse or sagittal plane. Transverse view shows 
a distinctive inverted horseshoe-shaped structure with acous-
tic shadowing (Fig. 1), and sagittal view shows a thin curve 
with posterior shadowing.

2.3  Pathology

The hyoid bone is in part responsible for maintaining upper 
airway patency. Obstructive sleep apnea (OSA), as its name 
suggests is characterized by apneic periods secondary to air-
way obstruction. More inferior and posterior position of the 
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hyoid bone has been implicated in OSA, as has restricted 
hyoid bone movement [3].

3  Larynx

3.1  Anatomy

The larynx is an anterior midline structure that bridges the 
pharynx superiorly to the trachea below. It descends from 
its more superior position with time to reach its more infe-
rior adult position [6]. It is located at the third to sixth 
cervical level, suspended from the hyoid bone above it. 
Nine cartilaginous structures compose the skeleton; the 
thyroid cartilage is the primary anterior structure and the 
cricoid cartilage the principal posterior cartilage [6]. The 
larynx houses numerous muscles including the intrinsic 
muscles essential to phonation, and the extrinsic muscles 
responsible for elevation and depression of the larynx as a 
whole. The recurrent laryngeal nerves and superior laryn-
geal nerves supply motor and sensory innervation to the 
larynx [7].

3.2  Sonoanatomy

A linear, high-frequency-transducer ultrasound image 
offers higher resolution images of the larynx than does CT 
or MRI due to the organ’s superficial location [4]. Between 
the hyoid bone and the thyroid cartilage, the thyrohyoid 
membrane offers a window into the larynx in which the epi-
glottis can be visualized in both the transverse and parasag-
ittal planes [8]. The thyroid cartilage itself offers another 
window into the larynx, and provides the best image of the 
vocal cords [8, 9].

3.3  Pathology

Laryngeal pathology includes a broad spectrum of condi-
tions that affect patients of all ages. Laryngomalacia, charac-
terized by supraglottic airway collapse with inspiration, is 
the most common cause of stridor in the neonate [10]. 
Allergic and immunologic responses may also affect the lar-
ynx, and angioedema with laryngeal involvement can be life 
threatening [11]. Malignancy can affect any area of the lar-
ynx, and both the tumor itself and radiation treatment can 
profoundly affect airway management.

4  Vocal Cords

4.1  Anatomy

The true vocal cords, also known as the vocal folds, are 
medial projections from the walls of the larynx. Their loca-
tion with respect to the cervical vertebrae parallels that of the 
larynx, descending from higher cervical levels during child-
hood to approximately the C6 level in adulthood, though 
there is some variation [12]. The vocal cords approximate 
anteriorly at the anterior commissure, and have separate pos-
terior attachments at the arytenoid cartilages bilaterally. 
Their movement is facilitated by the intrinsic laryngeal mus-
cles, which are innervated by the recurrent laryngeal nerve 
(with the exception of the cricothyroid muscle) [13].

4.2  Sonoanatomy

As mentioned above, the vocal cords can be seen with 
ultrasound through the thyroid cartilage. The transverse 
plane is the preferred view [9]. In patients with calcified 
cartilage, the vocal cords can be viewed by combining the 
view from superior to the thyroid notch and the view 
through the cricothyroid membrane. The true vocal cords 
appear as two triangular hypoechoic structures with the 
hyperechoic vocal ligaments bordering them medially 
(Fig. 2). Located just superiorly, the false vocal cords are 
more hyperechoic than the true vocal cords [4]. To further 
distinguish between true and false vocal cords, the former 
will oscillate toward the midline whereas the latter is rela-
tively immobile with phonation [6].

4.3  Pathology

Vocal cords paralysis can arise from injury to the recurrent 
laryngeal nerves or vagus nerves prior to the branch point. 

Fig. 1 Hyoid bone in transverse view
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Intracranial vagal involvement can be expected to cause mul-
tiple cranial nerve deficits whereas more distal lesions can 
show isolated vocal cord dysfunction. The most common 
cause of vocal cord paralysis is iatrogenic injury from medi-
astinal and neck surgery [13]. Malignancy can also cause 
paralysis secondary to nerve compression or injury, and 
direct damage to the vocal cords is a possible result of endo-
tracheal intubation.

5  Cricoid Cartilage and Cricothyroid 
Membrane

5.1  Anatomy

The cricoid cartilage is a signet-ring-shaped structure 
with a thinner anterior band and a thicker posterior lamina 
[14]. The cricoid cartilage is located inferior to the thy-
roid cartilage, and the cricothyroid membrane connects 
the two.

5.2  Sonoanatomy

At the superior end of the trachea the cricoid cartilage can be 
identified as a hypoechoic, structure that is thicker than the 
tracheal rings below [4]. With the probe in a transverse ori-
entation, the cricoid cartilage can be viewed as an arch-like 
structure while in a parasagittal view the cricoid cartilage 
appears more round [2]. The cricothyroid membrane appears 
as a hyperechoic structure bridging the hypoechoic thyroid 
and cricoid cartilages (Figs. 3 and 4), and can also provide a 
view of the vocal cords [15].

5.3  Pathology

Cricoid cartilage injury is rare, but when it does occur it is 
most often secondary to blunt force trauma. High velocity 
motor vehicle accidents and hanging injuries are the most 
common causes [16]. The cricothyroid membrane is of criti-
cal importance in airway emergencies, as cricothyroidotomy 
offers airway access when ventilation is inadequate and intu-
bation is unsuccessful.

6  Thyroid

6.1  Anatomy

The thyroid gland has left and right lobes connected by an 
isthmus. The organ is situated anterior to the proximal tra-
chea at the level of C4/5 and the second or third tracheal ring 
[17]. Each lobe is about 5 cm long and 2 cm in width and 
depth [18]. In adults the mass of the thyroid gland is approxi-
mately 25 grams on average [19].

Fig. 2 Transverse view of vocal cords

Fig. 3 Cricothyroid membrane in midsagial view with Touhy needle 
marking spot of cricothyroid membrane. 1:Thyroid carlage; 2: 
Cricothyroid membrane; 3: Cricoid carlage; 4: Touhy needle

Fig. 4 Cricothyroid membrane in transverse view appearing as hyper-
echoic line. (CTM Cricothyroid membrane)
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6.2  Sonoanatomy

Ultrasound is the first-line modality for imaging the thyroid 
[19]. The thyroid gland can be viewed at the level of the 
suprasternal notch anterolateral to the trachea (Fig.  5). In 
healthy patients has a homogenous appearance more hyper-
echoic than the adjacent strap muscles [8].

6.3  Pathology

A variety of pathologies have been reported in the thyroid 
gland. Thyroid cancer is the most common endocrine malig-
nancy in the United States, and its incidence is increasing 
[19]. In addition to malignancies, hypothyroidism and hyper-
thyroidism are common disorders causing physiologic 
effects and altered response to some medical therapies. Large 
nodules, malignancies and goiter can cause physical effects 
including airway compression.

7  Trachea

7.1  Anatomy

The trachea is a tube-shaped structure of the lower respira-
tory tract. Whereas the cricoid cartilage at the superior end is 
a complete ring, the remainder of the trachea is composed of 
incomplete rings forming the anterior and lateral boundaries. 
Fibroconnective tissue links the 16-22 cartilagenous incom-
plete rings. The trachealis muscle and annular ligaments 
form the posterior border. The trachea terminates inferiorly 
at the carina where it bifurcates into the right and left main 
stem bronchi [20].

7.2  Sonoanatomy

The tracheal rings appear as inverted-U-shaped hypoechoic 
structures on transverse view at the level of the suprasternal 
notch. Parasagittal view reveals a “string of beads” appear-
ance (Fig. 6) [2]. The cricoid cartilage represents the supe-
rior limit of the trachea, and with head extension six tracheal 
rings can often be imaged below it [4].

7.3  Pathology

Numerous conditions can affect the trachea. Diffuse tra-
cheal wall thickening has been attributed to sarcoidosis, 
granulomatosis with polyangiitis and amyloidosis. 
Malignancies can affect the trachea, most commonly invad-
ing from adjacent structures. Squamous cell carcinoma is 
the malignancy most commonly leading to tracheal narrow-
ing. Mediastinal masses that do not invade the trachea are 
also capable of causing narrowing due to external compres-
sion. Other causes of tracheal narrowing include postinfec-
tious changes due to mycobacterium tuberculosis or 
Klebsiella rhinoscleromatis, and post-intubation tracheal 
stenosis [20].

8  Clinical Applications

Clinical applications for US of the neck include screening 
for pathology and evaluation of masses. Tumors or 
abscesses may be visible as well as signs of epiglottitis [8]. 
US has also been shown to aid in predicting difficult air-
ways. In obese patients, those having more pretracheal soft 
tissue and a larger neck circumference tended to be a more 
challenging laryngoscopy [21]. Also, the inability to visu-
alize the hyoid bone can be a predictor for difficult intuba-
tion [22]. Blocking of the superior laryngeal can be 
accomplished under US guidance in preparation for awake 
intubations [23, 24]. US can also be used as a tool for the 

Fig. 5 Thyroid gland in with probe in transverse orientation. (Tr 
Trachea, Th Thyroid)

Fig. 6 Trachea in sagittal view. This is recognized as “beads on a 
string”
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confirmation of endotracheal tube (ETT) placement. The 
ETT can be seen as two hyperechoic lines within the tra-
chea. Using a convex probe to image through the supra-
sternal notch, has shown to have a 98.9% sensitivity and a 
94.1% specificity for diagnosing esophageal intubation. 
Using US to confirm ETT placement can also be especially 
helpful in cardiac arrest or states of airflow obstruction [9, 
25]. The use of US to predict ETT tube size has also been 
shown to be more precise than age- based and height-based 
formulas [26]. If the cuff of a laryngeal mask airway 
(LMA) is filled with saline, US can be used to evaluate if 
there is any malposition or if the device is seated properly. 
In one study of pediatric patients, US had a sensitivity of 
93% and specificity of 82% for detecting malposition of 
the LMA [27].

Arguably one of the most important skills for US use of 
the airway is the proper identification of the cricothyroid 
membrane. Using surface landmarks and palpation, proper 
identification of the cricothyroid membrane by anesthetists 
occurred only 30% of the time [28]. Pre-scanning and mark-
ing of this area before attempts at intubation can be life sav-
ing in the case of a “cannot intubate, cannot ventilate” 
situation.
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1  Introduction

Ultrasound utilization has become a mainstay in modern 
medical practice for a variety of diagnostic tests and proce-
dures. Increased availability and usage can be attributed to 
decreased cost, increased clinician awareness, portability, 
safety, and ease of use. In recent years, the use of ultrasound 
for airway assessment and management has grown consider-
ably, yielding promising results. While accurate anatomical 
assessment of the airway using ultrasound is dependent on 
operator skill, numerous studies have shown that clinician 
ability to reliably obtain accurate images requires minimal 
training and is easily reproducible [1]. This chapter will 
review relevant airway anatomy and the utility of ultrasound 
use for airway assessment and management.

2  Review of Basic Anatomy

All clinicians who are responsible for airway assessment and 
management need to have an understanding of basic airway 
anatomy. Generally, the airway can be divided into upper and 
lower sections. The upper airway consists of the mucous 
membrane lined pharynx and larynx. The pharynx is subdi-
vided into the nasopharynx, oropharynx, and hypopharynx. 
The nasopharynx includes the posterior nasal cavity and is 

divided from the oropharynx via the palate and skull base. 
The oropharynx consists of the region between the palate 
and hyoid bone and connects the nasopharynx and hypophar-
ynx. The hypopharynx is the area below the hyoid bone and 
connects the oropharynx to the cartilaginous larynx. The lar-
ynx contains the components necessary for speech, including 
the epiglottis and vocal cords. The lower airway consists of 
the trachea and lungs. The tubular shape of the trachea is 
supported by C-shaped hyaline cartilage, which allows for 
esophageal motility during swallowing. A detailed discus-
sion of lung anatomy is beyond the scope of this chapter.

For the purpose of ultrasound assessment, the airway can 
be divided anatomically into suprahyoid and infrahyoid 
regions [2]. Suprahyoid anatomical structures include the 
mylohyoid, geniohyoid, tongue, and hyoid bone. Pertinent 
infrahyoid structures include the epiglottis, thyrohyoid mem-
brane, pre-epiglottic space, thyroid cartilage, and tracheal 
cartilage. Curved low frequency transducers can be used to 
visualize deeper submandibular and supraglottic structures, 
while linear high frequency transducers are best suited to 
visualize superficial structures [2–7]. Ultrasound images of 
both the suprahyoid and infrahyoid structures have been 
found to correlate well with computed tomography [8]. The 
clinical relevance of the assessment of these aforementioned 
structures will be discussed below.

3  Predicting Difficult Airway 
Management

Throughout the years, numerous physical exam findings 
have been established for clinicians to help predict potential 
difficult airway management. These conventional markers 
include, but are not limited to patient height, weight, BMI, 
race, Mallampati score, thyromental distance, cervical spine 
range of motion, jaw mobility, and dentition [4]. While these 
assessments have been widely adopted internationally, they 
can have varying degrees of sensitivity and specificity, leav-
ing clinicians vulnerable to the dreaded cannot intubate can-
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not ventilate situation. Several studies have found that 
preoperative airway assessment with ultrasound has 
increased both the sensitivity and specificity relative to these 
conventional assessments.

The inability to visualize the hyoid bone using sublingual 
ultrasound has been found to have high sensitivity and spec-
ificity to predict difficult intubation with a positive likeli-
hood ratio of 21.6 [5]. Another study found that morbidly 
obese patients with a shorter hyomental distance ratio, or 
the distance between the hyoid bone and mandibular men-
tum in the neutral to the hyperextended neck position, is a 
sensitive predictor for difficult airway management [9]. A 
hyomental distance ratio of 1.0–1.05 was found to be asso-
ciated with difficult airway management when compared to 
patients with a hyomental distance ratio of 1.12–1.16 [9].

Increased pre-tracheal tissue at the level of the vocal cords 
has been shown to be predictive for difficult airway manage-
ment in obese patients of middle eastern descent [10]. 
However, it is worth noting that these findings were not 
duplicated when applied to western patient populations [11]. 
Small pilot studies have also shown that an anterior neck 
thickness greater than 2.8 cm at the level of the hyoid bone 
and the thyrohyoid membrane are accurate predictors of dif-
ficult intubation, but larger studies are needed prior to valida-
tion for routine screening [12].

Ultrasound has also been found to be sensitive and spe-
cific for the detection of subglottic stenosis. Several studies 
have found that ultrasound evaluation of the narrowest diam-
eter of the cricoid lumen, or the transverse diameter, corre-
late well with findings from magnetic resonance imaging 
[13, 14]. Detection of subglottic stenosis allows for practitio-
ners to preemptively chose the right endotracheal tube size, 
minimizing the potential for complications like hypoxia or 
airway trauma due to repetitive manipulation [13, 15]. 
Ultrasound evaluation of the subglottic transverse diameter 
has been found to be superior to both age based and height 
based formulas to estimate the correct endotracheal tube size 
[15, 16].

4  Regional Anesthesia

Ensuring adequate anesthesia of the airway via regional 
techniques is an essential component for successful awake 
intubation in patients with a known or suspected difficult 
airway. Ultrasound utilization can help facilitate regional 
techniques when normal anatomical landmarks are difficult 
to assess, due to morbid obesity or a history of previous 
surgery involving the airway or neck. The superior laryn-
geal nerve provides sensation to the epiglottis and to the 
airway mucosa to the level of the vocal cords. This nerve 
can be visualized in the space between the hyoid bone and 
thyroid cartilage when looking transversely at the level of 

the hyoid bone [17]. Visualization of anatomical landmarks 
and needle placement under ultrasound guidance can help 
to ensure adequate analgesia and maximize first pass 
success.

5  Confirmation of Airway Placement

Capnography and auscultation of the lungs are the most 
commonly used methods to confirm appropriate airway 
placement in the normal healthy patient. However, these con-
ventional methods may not be as accurate or reliable in situ-
ations such as cardiovascular collapse, emergent difficult 
airway management with potential esophageal intubation, or 
severe refractory bronchoconstriction. Successful intubation 
can be confirmed quickly and easily via transtracheal ultra-
sound by the “double tract” or “double lumen” signs charac-
terized by two hyperechoic lines [18, 19]. Multiple studies 
have shown that transtracheal ultrasound is a rapid and reli-
able method to confirm proper airway placement and corre-
lates well when compared to end tidal capnography [18, 19].

6  Utilization in Emergency Situations

Preparation is a critical component for the successful man-
agement of emergent difficult airway scenarios. A cricothy-
rotomy is lifesaving technique to secure a definitive airway 
in unstable patients who are unable to be intubated or venti-
lated by conventional methods. The procedure involves can-
nulating the cricothyroid membrane by either a needle or 
percutaneous approach. The cricothyroid membrane is most 
often identified by locating the space below the thyroid 
prominence and above the cricoid cartilage. Often times, 
these anatomical landmarks can be difficult to recognize due 
to patient body habitus or pathology affecting the area, such 
as a thyroid mass. The use of ultrasound has been proven to 
be a quick and effective adjunct to identify these difficult to 
ascertain anatomical landmarks. With only minimal training, 
clinicians have been found to be able to identify the cricothy-
roid membrane using ultrasound in less than 25  seconds 
[20]. A subsequent study done on cadavers found that clini-
cians were able to identify the cricothyroid membrane in less 
than 4 seconds and complete the procedure with a high suc-
cess rate in less than 30 seconds [21].

After successful cricothyrotomy, a formal tracheostomy 
is generally performed within 24 hours to establish a more 
definitive and secure airway. Ultrasound for percutaneous 
tracheostomy can help to avoid anterior neck structures and 
minimize the risk for posterior tracheal injury [22–25]. A 
randomized controlled trial from 2016 found that an ultra-
sound guided approach has similar efficacy to a bronchos-
copy guided tracheostomy [26].
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7  Conclusion

This chapter has described how ultrasound utilization has 
shown promise as an easy, useful, and reliable adjunct to 
both airway assessment and management. While larger stud-
ies need to be done for further validation, it is imperative for 
clinicians responsible for airway management and assess-
ment to be familiar with the most up to date literature regard-
ing the many potential indications for ultrasound use.
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1  Introduction

Local anesthetics have been used to perform regional blocks 
for head and neck surgeries for over 150 years. From its roots 
in using topical cocaine as the sole anesthetic in eye surgery, 
regional anesthesia has progressed immensely as an adjunct to 
general anesthesia, and has flourished in its role in opioid spar-
ing multimodal analgesia. The various head and neck blocks 
that can be performed are used in plastic surgery, otolaryngol-
ogy, dermatology, and neurosurgery [1]. Many of the blocks 
are sensory in nature, limiting some of the potential side 
effects related to motor blockade. The use of ultrasound fur-
ther facilitates the ease with which these blocks can be formed 
while minimizing adverse effects. To perform these blocks 
safely, it is important to understand the salient regional anat-
omy. Sensory innervation for the face can be divided by the 
branches of the trigeminal nerve (cranial nerve V): the oph-
thalmic division V1, the maxillary division V2, and the man-
dibular division V3 [1]. These extend laterally to the mid ear, 
at which point the cervical plexus C2-C4 provides sensory 
innervation to the posterior head and neck [2]. Moving cau-
dally, the ventral rami of the C5-T1 nerve roots provide motor 
and sensory innervation to the arm through the brachial plexus.

2  Trigeminal Nerve Block

2.1  Anatomy

The trigeminal nerve, or cranial nerve five is the largest cra-
nial nerve and is responsible for facial sensation. The affer-
ent fibers from the three main trigeminal branches converge 
onto the Gasserian ganglion which is found in Meckel’s 
cave, an invagination of the dura mater located in the poste-

rior cranial fossa [3–5]. To reach Meckel’s cave, V1 and V2 
fibers travel through the lateral wall of the cavernous sinus 
posteriorly where they meet V3 [5]. The trigeminal nerve 
branches V2 and V3 can be blocked at the pterygopalatine 
fossa before forming terminal nerve branches.

2.2  Sonoanatomy and Clinical Application

To perform a trigeminal block, patients are placed in the lat-
eral decubitus position or supine position, with the side to be 
blocked facing up. A cleaning solution is applied to the area, 
and a sterilely covered high-frequency ultrasound probe is 
placed longitudinally below the zygomatic bone. The lateral 
pteryogoid muscle, lateral pterygoid plate, and maxillary 
bone are then identified (Fig.  1) [3]. Using Doppler, the 
nearby maxillary artery should be located. After anesthetiz-
ing the skin, a 22G needle is inserted in-plane with the probe 
in a lateral to medial direction aiming anteriorly toward the 
pterygopalatine fossa. To avoid the acoustic shadow of the 
coronoid process, the patient’s mouth is slightly opened with 
the probe directed superiorly [3]. After negative aspiration, 
4–5 mL of local anesthetic is injected deep to the lateral pter-
ygoid muscle and plate. Dexamethasone or triamcinolone 
can be used as an adjunct to potentiate the effect of local 
anesthetics [3].

3  Supraorbital Nerve Block

3.1  Anatomy

The ophthalmic nerve (V1) exits the skull through the supe-
rior orbital foramen to provide sensory innervation to the 
forehead, eyebrows, upper eyelids, and nose [1]. The supraor-
bital nerve, a terminal branch of V1 innervates the forehead 
and can be blocked for frontal craniotomies, ventriculoperito-
neal shunt placement, Ommaya reservoir placement, upper 
eyelid surgery, and dermatologic procedures [1].
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3.2  Sonoanatomy and Clinical Application

For all superficial nerve blocks of the face, the patient is 
placed supine, with the head in a midline position. The 
supraorbital foramen is located on the superior part of the 
orbital rim and is in line with the pupil [1]. The skin overly-
ing the target is cleansed with an antiseptic solution. A high 
frequency linear ultrasound probe with sterile covering is 
placed transversely above the orbital rim. The foramen is 
identified as a “bone gap” or break in the hyperechoic line 
which represents the orbital rim (Fig. 2). The Doppler func-
tion can be used to help identify nearby vessels to reduce the 
risk of intravascular injection. Due to the superficial nature 
of this block, a 25 gauge needle can be used in an in-plane 
approach, with the needle pointing in a lateral to medial ori-

entation to reach the target. At this point, 1-2 mL of local 
anesthetic is injected after negative aspiration. This is fol-
lowed by massage of the area to facilitate local anesthetic 
spread as well as to reduce hematoma formation [1].

4  Infraorbital Nerve Block

4.1  Anatomy

The maxillary nerve (V2) exits the skull via the foramen 
rotundum, passes through the pterygopalatine fossa and 
reaches the floor of the orbit via the infraorbital foramen. 
This nerve innervates the lower eyelids, lateral portion of the 
nose, roof of the mouth, upper lip, and maxillary sinus [1]. 

M

LPP

LPM

Fig. 1 Trigeminal Nerve Block: LPM lateral pterygoid muscle, LPP lateral pterygoid plate, M maxilla, Blue Star target

Fig. 2 Supraorbital Nerve Block: the blue arrow identifies the foramen or “bone gap”
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The maxillary nerve can be blocked as it emerges from the 
skull at the foramen rotundum or more distally as the infra-
orbital nerve at the infraorbital foramen. Indications for this 
block include cleft lip repair, surgeries involving the lower 
eyelid or upper lip, sinus surgery, transsphenoidal hypophy-
sectomy, rhinoplasty, and septal repair.

4.2  Sonoanatomy and Clinical Application

The patient is placed supine, with the head in a midline posi-
tion. The infraorbital foramen can be visualized by placing 
the ultrasound probe in transverse orientation. The skin over-
lying the target is cleansed with an antiseptic solution. A 
high frequency linear ultrasound probe with sterile covering 
is placed transversely below the infraorbital ridge. The fora-
men is usually found in line with the pupil as well as the 
supraorbital foramen (Fig.  3). Small translational move-
ments medially can help locate the “bone gap.” Once the 
foramen is located, a 25 gauge needle can be advanced to the 
target using a lateral to medial in-plane approach. After neg-
ative aspiration, 1–2 mL of local anesthetic can be injected 
around the nerve while avoiding an intraforaminal or intra-
vascular injection.

5  Mental Nerve Block

5.1  Anatomy

The mandibular nerve (V3) is a mixed sensory and motor 
nerve that exits the cranium through the foramen ovale and 
provides sensation to the ear, anterior two-thirds of the 

tongue, temporal region of the skull, and the mandible [1]. 
The mandibular nerve provides motor innervation for the 
muscles of mastication [1]. A terminal branch of the man-
dibular nerve, the mental nerve gives sensory innervation to 
the chin, lower lip and anterior teeth. A mental nerve block 
can be performed for laceration repair and other procedures 
of the lower lip, skin, or teeth.

5.2  Sonoanatomy and Clinical Application

The patient is placed supine, with the head in a midline posi-
tion. The skin overlying the target is cleansed with an anti-
septic solution. A high frequency linear ultrasound probe 
with sterile covering is placed transversely between the 
upper and lower borders of the mandible (Fig. 4). Oftentimes, 
the second premolar on the target side is used as a reference 
for placing the center of the probe. This foramen also lies in 
line with the pupil. Once the “bone gap” is identified, a 25 
gauge needle can be inserted in-plane via a lateral to medial 
approach. After negative aspiration, 1–2 mL of local anes-
thetic can be injected around the “bone gap.”

6  Greater Occipital Nerve Block

6.1  Anatomy

The greater occipital nerve arises from the second cervical 
nerve root running between the obliquus capitis inferior and 
semispinalis capitis [1, 6]. It then pierces semispinalis capitis 
and trapezius aponeurosis to become a subcutaneous struc-
ture [6]. Here, the greater occipital nerve is found medial to 

Fig. 3 Infraorbital Nerve Block: the blue arrow identifies the foramen or “bone gap”
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the occipital artery [6]. The greater occipital nerve provides 
sensation to the posterior scalp from the occipital protuber-
ance to the vertex [6]. Blockade of this nerve is useful for 
pain relief after neurosurgical procedures such as posterior 
craniotomies and insertions of ventriculoperitoneal shunts 
[1]. These blocks can also be used to diagnose and treat vari-
ous headaches including migraine, cervicogenic, and tension 
type headaches [6].

Distally, the greater occipital nerve block can be easily 
performed with palpation of landmarks [6–8]. The patient is 
placed in either the sitting or prone position. The nerve is 
located two thirds of the way on a line drawn from the mas-
toid to the occipital protuberance and lies medial to the 
occipital artery [6–8]. A 25 gauge needle is directed toward 
the occiput. After negative aspiration, 1–3 mL of local anes-
thetic is injected. Numbness over the top of the head is a sign 
of successful occipital nerve blockade.

6.2  Sonoanatomy and Clinical Application

Using ultrasound, this block can be performed using a clas-
sical distal technique or a newer proximal approach. With 
the distal greater occipital nerve block, a linear ultrasound 
probe is placed in a transverse plane at the level of the supe-
rior nuchal line. The center of the probe is would be placed 
lateral to the occipital protuberance. Proximally, the greater 
occipital nerve can be blocked at the level of the C2 verte-
bra an approach described by Greher et al. [9] Once the C2 
vertebra is identified, the probe is moved laterally to locate 
the obliquus capitis inferior muscle [9]. The greater occipi-
tal nerve lies superficial to this muscle crossing lateral to 
medial [6, 9]. The needle is inserted out-of-plane to the 

probe and local anesthetic is injected around the nerve. 
This block has also been performed with injection targeted 
at the medial head of the semispinalis capitis which has 
been shown to produce superior injectate spread [6]. To 
perform this block, the patient is placed in a seated posi-
tion. The probe is placed in a horizontal orientation on the 
target side, lateral to the nuchal ligament at the C1 level. 
This allows separation of the medial and lateral heads of 
the semispinalis capitis (Fig.  5). With an in-plane tech-
nique, a 25 gauge needle is inserted midline and advanced 
laterally until the tip is within the medial head. After nega-
tive aspiration, 1– mL of local anesthetic can be injected. 
Complications with this block are rare because of the 
superficial location of the nerve. However, it is important to 
note that the vertebral artery is lateral and deep to the 
greater occipital nerve.

7  Lesser Occipital Nerve Block

7.1  Anatomy

The lesser occipital nerve forms from the cervical plexus and 
is mainly composed of C2 fibers. After piercing deep fascia 
at Erb’s point, the nerve travels subcutaneously towards the 
retroauricular area posterior to the sternocleidomastoid mus-
cle [10]. This occurs on average 4.5  cm from the mastoid 
prominence along the posterior border of the 
 sternocleidomastoid [11]. Occasionally, the lesser occipital 
nerve will pierce the sternocleidomastoid as it ascends to the 
cranium [12]. It innervates the lateral part of the scalp poste-
rior to the ear [10]. Blockade of this nerve can result in pain 
relief caused by occipital neuralgia.

Fig. 4 Mental Nerve Block: the blue arrow identifies the foramen or “bone gap”
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7.2  Sonoanatomy and Clinical Application

The block is performed with ease using ultrasound. The 
patient is placed in either the prone position or sitting with 
the neck flexed. The nerve is located one third of the way on 
a line drawn from the mastoid to the occipital protuberance 
and is lateral to the occipital artery [6–8]. A linear ultrasound 
probe is placed at the posterior border of the sternocleido-
mastoid muscle in the transverse orientation just below the 
mastoid process (Fig. 6). Moving in the cranial caudal plane, 
a nervous structure is identified that emerges beneath the 
sternocleidomastoid muscle [13]. With an in-plane tech-
nique, a 25 gauge needle is inserted midline and advanced 
until the tip is near the nerve. After negative aspiration, 

1–3 mL of local anesthetic can be injected. Complications 
with this block are rare because of the superficial location of 
the nerve.

8  Cervical Plexus Block

8.1  Anatomy

The superficial cervical plexus provides sensory innervation 
to the neck, ear, angle of the mandible, shoulder, and clavi-
cle. The anterior border of the superficial cervical plexus is 
the sternocleidomastoid, and the posterior border of the 
plexus is the prevertebral fascia. Two muscles flank the 

TM

SPL
SSC

Medial Head

Lateral Head

Fig. 5 Greater Occipital Nerve Block: TM Trapezius Muscle, SPL Splenius Muscle, SSC Semispinalis Capitis, Blue Star Target Site

SCM

LS

PS

Fig. 6 Lesser Occipital Nerve Block: SCM Sternocleidomastoid Muscle, LS Levator Scapulae Muscle, PS Posterior Scalene Muscle, Blue Star 
Target Site
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plexus: the longus capitis anteromedially, and the middle 
scalene muscle posterolaterally. The plexus is formed by the 
ventral rami of the spinal nerves C2, C3, and C4. These nerve 
roots join together and emerge from behind the posterior 
border of the sternocleidomastoid as the following terminal 
branches, listed from cranial to caudal: lesser occipital (C2, 
C3), greater auricular (C2, C3), transverse cervical (C2, C3) 
and supraclavicular (C3, C4) nerves. These superficial nerves 
travel a relatively long distance from the paravertebral space 
to supply innervation to the skin and subcutaneous tissues of 
the neck, as well as the posterior portion of the head and 
shoulders [14].

Spread of the local anesthetic is highly dependent on 
its location relative to the fascia, as some cervical fascial 
layers can contribute significantly to diffusion of local 
anesthetic. Cervical fascial layers fall into two broad cat-
egories: superficial and deep. The superficial fascial layer 
is typically referred to as the subcutaneous tissue, to avoid 
confusion with the superficial layer of the deep cervical 
fascia. In the category of deep cervical fascia there are 
three layers, listed from superficial to deep: (1) the super-
ficial investing fascia, also known as the submandibular, 
sternocleidomastoid- trapezius, or masticator fascia, (2) 
the middle fascia, known as the strap muscle fascia or vis-
ceral fascia, and (3) the deep layer, known as the periver-
tebral or prevertebral fascia [14]. Another notable layer of 
fascia that appears sonographically distinct is the carotid 
sheath, which contains not only the common/internal 
carotid arteries and internal jugular vein, but also the deep 
cervical lymph nodes and the vagus nerve. Care should be 
taken to avoid damage to this sheath and its contents dur-
ing cervical plexus blockade. Of note, the ansa cervicalis 
arises in the vicinity of the cervical plexus. The ansa cer-
vicalis is a nerve loop with fibers from the C1-C4 nerve 
roots, which supplies motor innervation to the strap mus-
cles of the neck, including the sternocleidomastoid. The 
anterior rami of C3 and C4 form a loop and join together 
with fibers from C5 to form the phrenic nerve. Deep cervi-
cal plexus blockade was noted to cause abnormalities in 
diaphragmatic motion in a majority of patients according 
to one study [15]. A true superficial cervical plexus block 
is not associated with phrenic nerve palsy. However, in 
the absence of significant pulmonary impairment or pre-
existing diaphragmatic pathology, the effect of diaphrag-
matic weakness from phrenic nerve palsy is masked by 
the increased utilization of the sternocleidomastoid as a 
muscle of respiration [14]. Incidental blockade of cranial 
nerves or nerve fibers of the cervical sympathetic chain 
may result in the development of Horner’s syndrome, 
facial palsy, hoarseness, cough, or dysphagia. However, 
the vast majority of these adverse effects resolve on the 
first post-operative day [16].

The superficial blockade of the cervical plexus involves 
depositing local anesthetic more superficial to the investing 
fascia, in the layer of subcutaneous tissue. Ultrasound guid-
ance can be used to identify individual nerves and perform 
selective blockade, depending on the site of surgery. This 
superficial block obviates many of the complications seen 
with deeper cervical plexus blockade, so long as the needle 
tip is maintained in the subcutaneous tissue. An intermediate 
depth block may also be performed in which local anesthetic 
is deposited into the middle investing fascia but superficial to 
the deep prevertebral fascia. Lastly, a true deep cervical 
plexus block involves injection of local anesthetic deep to 
the prevertebral fascia [17].Although deep cervical plexus 
blocks with ultrasound guidance are not well described in the 
literature, these blocks can be performed using landmark or 
nerve stimulator techniques [18].

8.2  Sonoanatomy and Clinical Application

The superficial cervical plexus block is performed with the 
patient supine or in the semi-sitting position, with the head 
turned slightly away from the side to be blocked. The neck 
and upper chest should be exposed such that the entire length 
of the sternocleidomastoid is visible. The posterior border of 
sternocleidomastoid may be palpated more easily by asking 
the patient to lift their head slightly off the bed.

The skin is cleansed with an antiseptic solution. A high 
frequency linear ultrasound probe with sterile covering is 
placed overlying the sternocleidomastoid at its midpoint, 
which roughly translates to the level of the cricoid cartilage. 
Once the sternocleidomastoid has been identified, the probe 
is moved laterally until the lateral edge of the sternocleido-
mastoid is in the middle of the screen. The brachial plexus 
can be identified between the anterior and middle scalene 
muscles here (Fig. 7). The cervical plexus appears as a group 
of small, honeycomb-like hypoechoic nodules immediately 
superficial to the prevertebral fascia overlying the intersca-
lene groove. Note that the cervical plexus may not be easily 
visible in many individuals.

Once the plexus has been identified, the skin is anesthe-
tized with subcutaneous infiltration of a small amount of 
local anesthetic. The block needle is passed through the skin, 
platysma muscle, and the investing fascia, with the needle tip 
abutting the cervical plexus. Both in-plane (medial and lat-
eral) and out-of-plane approaches may be used in this block 
due to its superficial location. After negative aspiration, 
1–2 mL should be injected to ensure adequate location rela-
tive to the plexus. A total of 5–15 mL local anesthetic should 
be injected thereafter, bathing the plexus and causing the pre-
vertebral fascia and the sternocleidomastoid to peel away 
from one another. If the cervical plexus is not readily visible, 
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aim to deposit 10 mL local anesthetic deep to the sternoclei-
domastoid, which produces a reliable block in most cases.

Because most of the nerves comprising the superficial 
cervical plexus are sensory, it is not necessary to use high 
concentrations of local anesthetic. Reasonable choices of 
local anesthetic include ropivacaine 0.25–0.5%, bupivacaine 
0.25%, and lidocaine 1% [19, 20].

9  Brachial Plexus Blocks

Ultrasound-guided plexus blocks are a safe and effective 
alternative or addition to general anesthesia for surgeries 
involving the upper extremities. The use of ultrasound guid-
ance to perform these peripheral nerve blocks has been 
shown to be at least equally safe to previously described 
landmark and nerve stimulator methods [21]. These blocks 
are particularly useful in high risk patient populations such 
as those with suspected or known difficult airways, the mor-
bidly obese, the elderly, chronic pain patients with refractory 
post-operative pain, and patients with severe cardiac or pul-
monary comorbidities to whom general anesthesia would 
pose a major risk, or those who have frank contraindications 
to general anesthesia. Furthermore, the use of peripheral 
nerve blocks in simple surgeries performed in the ambula-
tory setting can be highly advantageous with regard to 
decreased length of stay in the Post Anesthesia Recovery 
Unit (PACU), earlier resumption of diet, and improved anal-
gesia, allowing for greater mobility of the operative extrem-
ity. For more complex surgeries, the use of peripheral nerve 
block catheters can be utilized to allow patients to reap the 
same benefits described above [22]. In this section we will 
discuss two commonly used ultrasound-guided blocks: inter-
scalene and supraclavicular nerve blocks.

9.1  General Brachial Plexus Anatomy

The brachial plexus is comprised of the anterior rami from 
C5, C6, C7. C8 and T1. The spinal nerve roots of the brachial 
plexus fuse and separate through their course to form the 
trunks, divisions, cords, and branches. The five roots give 
rise to three trunks as they emerge between the anterior and 
middle scalene muscles: superior, middle, and inferior. As 
the plexus continues its course under the clavicle, each trunk 
gives off an anterior and posterior component, forming six 
divisions. The six divisions combine to form three cords: lat-
eral, median, and posterior. These cords finally branch to 
form the five terminal nerve branches: the musculocutane-
ous, axillary, radial, median, and ulnar nerves [23].

10  Interscalene Nerve Block

10.1  Anatomy

The interscalene nerve block provides anesthesia and analge-
sia for open and arthroscopic surgeries involving the shoul-
der, proximal humerus, and lateral two-thirds of the clavicle 
[22]. Sparing of the ulnar nerve is common, as local anes-
thetic spread at this level often does not reach C8 or T1. The 
prevertebral fascia, superficial cervical plexus and sterno-
cleidomastoid muscle are seen superficial to the brachial 
plexus [24]. In an interscalene nerve block, the brachial 
plexus is targeted at the level of the nerve roots or trunks.

A myriad of complications may be observed with an 
interscalene block, however, ultrasound guidance may 
reduce these adverse events. A misguided needle may result 
in violation of the pleura and subsequent pneumothorax. 

ASM
MSM

SCM

Fig. 7 Superficial Cervical Plexus Block: SCM sternocleidomastoid muscle, ASM anterior scalene muscle, MSM middle scalene muscle, White 
Stars designates target site for injection of superficial cervical plexus block, Blue Arrow designates the brachial plexus
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Epidural and intrathecal blockade is also possible given the 
proximity of the target to the neuraxis. Ipsilateral blockade 
of the phrenic nerve is observed in nearly all interscalene 
blocks due to proximal spread of the local anesthetic. 
Therefore, patient selection is critical, as those with contra-
lateral hemidiaphragmatic paralysis may suffer severe respi-
ratory sequelae. Similarly, care must be taken in performing 
interscalene block in patients with pulmonary comorbidities, 
as phrenic nerve blockade may exacerbate existing dyspnea. 
Sympathetic fiber blockade may result from posterior track-
ing of local anesthetic, which may precipitate an ipsilateral 
Horner’s syndrome. Local anesthetic systemic toxicity is a 
significant concern in interscalene blocks due to the proxim-
ity of the target to the vertebral artery; direct injection into 
the vertebral artery may precipitate seizures, particularly if 
the maximum allowed dose is exceeded [25].

10.2  Sonoanatomy and Clinical Application

The patient is positioned in the supine, sitting or semi-sitting 
position. A blanket may be positioned under the patient’s 
head in lieu of a pillow to facilitate the proceduralist’s access 
to the site. The patient’s head is turned to the contralateral 
side.

The skin is disinfected, and a sterilely covered high fre-
quency linear ultrasound probe is placed over the neck at the 
level of the cricoid cartilage, in the transverse plane. The 
carotid artery is identified, and the probe is moved postero-
laterally to identify the anterior and middle scalene muscles, 
and the brachial plexus which lies between them (Fig.  8). 
Alternatively, the brachial plexus is first identified in the 
supraclavicular view (discussed in next section), and the 
probe is moved cranially until the interscalene view is identi-

fied. The plexus at the interscalene level appears as three 
stacked hypoechoic circles, known colloquially as the “stop 
light”. It is recommended that color Doppler is applied to 
reduce the risk of vascular injury or injection. The skin over-
lying the needle insertion site is anesthetized with local anes-
thetic, and a block needle is inserted in a lateral-to-medial 
direction. The needle should be aimed between the nerve 
roots rather than directly at them to minimize the risk of neu-
ral injury. As the prevertebral fascia is traversed by the block 
needle, a tactile “pop” sensation is often felt. Contiguous 
spread of the local anesthetic around the nerve roots also 
indicates correct needle position. Careful aspiration should 
be performed to rule out intravascular placement prior to 
injecting local anesthetic around the plexus. It is recom-
mended to repeat aspiration with every 5 mL injected to con-
firm that the needle has not migrated intravascularly or 
caused vascular trauma. A volume of 10–30  mL of local 
anesthetic may be used, with careful consideration of maxi-
mum allowable dose based on the patient’s weight [26]. 
Appropriate spread of the local anesthetic in the brachial 
plexus can be monitored by scanning up and down the target 
site and observing local anesthetic spread cranially and cau-
dally to the injection site.

11  Supraclavicular Brachial Plexus Block

11.1  Anatomy

The supraclavicular nerve block is performed at the level of 
the divisions. Recall these divisions are formed by the split-
ting of the superior, middle, and inferior trunks into anterior 
and posterior components. The supraclavicular nerve block 
has been often referred to the as the “spinal of the arm”, 

ASM
MSM

SCM

Fig. 8 Interscalene Nerve Block: SCM sternocleidomastoid muscle, ASM anterior scalene muscle, MSM middle scalene muscle, White Star des-
ignates target site for injection of superficial cervical plexus block, Blue Arrow designates the brachial plexus
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 providing a dense sensory and motor blockade with rapid 
and efficient onset from the mid-humerus to distal hand [25].

Similar to the interscalene block, complications related to 
the supraclavicular block have also been reduced with the 
widespread usage of ultrasound. The block is performed 
superior to the clavicle, with the first rib and underlying pari-
etal pleura inferior to the plexus. Prior to ultrasound guid-
ance, significant concerns regarding pneumothorax due to 
needle misplacement existed, however, the usage of ultra-
sound significantly reduces this risk. Apart from this, perfor-
mance of the supraclavicular nerve block involves 
identification of the subclavian artery, which crosses over the 
first rib between the insertion sites of the anterior and middle 
scalene muscles. The proximity to the subclavian artery pre-
dictably highlights the risk of intravascular injection. As with 
the interscalene nerve block, the supraclavicular block also 
carries a risk of ipsilateral phrenic nerve palsy and Horner’s 
syndrome [27].

11.2  Sonoanatomy and Clinical Application

The patient is positioned similarly to the position described 
for interscalene block: in the supine, semi-sitting, or sitting 
position with the head turned to the contralateral side. A ster-
ile cleaning solution is applied to the area, and a sterilely 
covered high-frequency ultrasound probe is placed above the 
clavicle in the supraclavicular fossa. A short-axis view of the 
subclavian artery medially, first rib and pleura inferiorly, and 
the divisions of the plexus are identified (Fig. 9) [22].

On ultrasound imaging, the brachial plexus at the supra-
clavicular level appears as a cluster of hypoechoic struc-
tures lateral and posterior to the subclavian artery, 

colloquially referred to as “a bunch of grapes”. The skin 
lateral to the ultrasound probe is anesthetized for an in-
plane technique. The block needle is advanced to the angle 
formed by the first rib and subclavian artery, taking care to 
avoid the pulsating vasculature and shimmering pleura. 
After negative aspiration for blood, local anesthetic can be 
deposited in this “corner pocket”, which typically corre-
sponds to the ulnar constituents of the brachial plexus. 
Injection into this corner pocket also allows for lifting of 
the brachial plexus superiorly; this facilitates further injec-
tion of local anesthetic and reduces risk of pleural injury. 
The needle is withdrawn slightly to the subcutaneous tis-
sue, then advanced into the plane immediately above the 
plexus. Hydro-dissection of the brachial plexus may be 
performed, avoiding direct needle puncture of neural 
structures [22]. A volume of 15–30  mL local anesthetic 
may be used, again with careful consideration of the maxi-
mum safe dose of local anesthetic based on weight to avoid 
toxicity.

12  Stellate Ganglion Block

Stellate ganglion blocks are frequently used for the treatment 
of sympathetically-mediated chronic pain syndromes, post- 
herpetic neuralgia, orofacial pain, atypical chest pain, 
chronic post-surgical pain, and peripheral vascular disease 
[28]. Fluoroscopy was utilized in the past to perform these 
blocks, however, the advent of an ultrasound-guided tech-
nique allows for visualization of salient structures surround-
ing the stellate ganglion including the vertebral arteries, 
thyroid gland, longus colli muscle, nerve roots, and esopha-
gus [29].

SA

MSM

Fig. 9 Supraclavicular Nerve Block: MSM  =  Middle Scalene Muscle, White Arrow  =  Brachial Plexus, SA  =  Subclavian Artery, Blue 
Arrow = Designates first rib, Blue Star = Pleura
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12.1  Anatomy

A thorough understanding of the cervical and thoracic sym-
pathetic structures is crucial in performing a stellate ganglion 
block. The cervical sympathetic trunk is comprised of four 
ganglia: superior, middle, intermediate, and inferior cervical 
ganglia, and in about 80% of the population, the inferior cer-
vical ganglion is fused with the first thoracic ganglion, form-
ing the stellate ganglion [30]. If the inferior cervical ganglion 
and first thoracic ganglion are not fused, the stellate ganglion 
refers to the inferior cervical ganglion adjacent to the ante-
rior C7 tubercle [28]. The stellate ganglion is bounded medi-
ally by the longus colli muscle, recurrent laryngeal nerve, 
trachea and esophagus; laterally by the scalene muscles, 
anteriorly by the first section of the subclavian artery and at 
the origin of the vertebral artery, and anteriorly by the apex 
of the lung [29]. The classical anatomic structure in its prox-
imity is Chassaignac’s tubercle at the level of C6, and at C7 
it lies more medially in proximity to the anterolateral aspect 
of the vertebral body [29]. Fluoroscopy was historically used 
to achieve a stellate ganglion block, however, the advent of 
ultrasound facilitates avoidance of injuring critical vascular 
structures such as the vertebral artery, organs such as the thy-
roid and esophagus, and neural tissues; thus ultrasound- 
guided stellate ganglion blocks may be considered a safer 
technique for practitioners experienced with ultrasound [30].

Signs of a successful block will include Horner’s syn-
drome, anhidrosis, nasal congestion, vasodilation, and 
increase in temperature [29]. One common complication 
associated with stellate ganglion block is dysphonia due to 
blockade of the ipsilateral recurrent laryngeal nerve. For this 

reason, bilateral stellate ganglion block is not advised to pre-
vent loss of pharyngeal reflexes and respiratory sequelae. 
Extension of the block to the brachial plexus may cause 
somatic blockade; if this occurs the patient should be 
instructed to care for the upper extremity to avoid inadver-
tent injury. Intravascular injection due to close proximity to 
carotid, subclavian, and vertebral vessels may occur and 
underscores the importance of confirming negative aspira-
tion prior to injecting local anesthetic. Epidural and intrathe-
cal injection may also result.

12.2  Sonoanatomy and Clinical Application

In preparation for a stellate ganglion block, the patient is 
positioned supine with the neck slightly extended and head 
rotated to the contralateral side. After application of a sterile 
disinfecting solution, a sterilely covered high frequency lin-
ear ultrasound transducer is applied in the transverse axis at 
the level of the cricoid cartilage. The probe should then be 
moved to identify landmark structures: thyroid, carotid 
artery, and jugular vein, as well as the transverse process of 
C6, which may be differentiated from adjacent levels by its 
prominent anterior tubercle. The longus colli muscle may be 
identified superior to the transverse process of C6 on the 
ultrasound image (Fig.  10). The skin overlying the block 
needle insertion site is anesthetized, and the needle puncture 
site should be in a location that is in-plane with the trans-
ducer. The needle should be directed in a lateral-to-medial 
direction until it passes through the deep cervical fascia over-
lying the longus colli muscle. A small amount of local anes-

CA

IJ

LC

ASM

SCM

Fig. 10 Stellate Ganglion Block: SCM sternocleidomastoid muscle, CA Carotid Artery, IJ Internal Jugular Vein, ASM Anterior Scalene Muscle, 
LC Longus Colli Muscle, Blue Star Target Site
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thetic (up to 5  mL) may be injected here, watching for 
separation of the carotid artery and the longus colli muscle.
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1  Introduction

Over the past decade, the utilization of musculoskeletal 
ultrasound imaging for both diagnostic and therapeutic pur-
poses has been steadily rising in the field of orthopaedics. 
This increase is driven by technological advances which 
have made ultrasound more affordable and practical in the 
clinic setting. Ultrasound is frequently used in the evaluation 
of tendon, muscle, and ligament injuries as well as soft tissue 
masses. The advantages, disadvantages, and technological 
considerations of musculoskeletal sonography will be dis-
cussed in this chapter followed by a review of the most com-
mon pathologies for which ultrasound is used in Orthopaedic 
Surgery.

2  Advantages

Ultrasound is advantageous compared to other imaging 
modalities (Fig. 1) in that it is low cost, widely available, and 
there is no radiation exposure. The average reimbursement 
for an MRI is approximately $2000 whereas the reimburse-
ment for a diagnostic musculoskeletal ultrasound is $150 [1]. 
A study published in 2008 looking at government published 
data sets found that the substitution of musculoskeletal ultra-
sound for MRI, when appropriate, would lead to estimated 
cost savings of $6.9 billion dollars from the period of 2006–
2020 [2].

It allows for a dynamic evaluation of the musculoskeletal 
system and is particularly useful for the evaluation of soft 
tissue structures such as ligaments and tendons. Unlike MRI, 

metal hardware does not distort the sonographic image. As a 
result, ultrasound is very useful in the evaluation of soft tis-
sue structures adjacent to orthopaedic hardware [3]. Doppler 
techniques allow for detection of soft tissue hyperemia and 
neovascularity. Ultrasound can be used as an extension of the 
physical exam, allowing patients to ‘see’ their own pathol-
ogy; this leads to a better understanding of their disease pro-
cess and a more constructive discussion of treatment options. 
It is time-saving for both the patient and physician in that the 
ultrasound can be performed at the initial specialist consulta-
tion visit; in contrast, a second trip must be made back to the 
office after a CT or MRI has been performed to review the 
imaging results and formulate a treatment plan. In pediatrics, 
ultrasound is often used in very young patients due to the 
high ratio of cartilage to bone in a child’s skeleton [4]. Lastly, 
it can be used to ensure accuracy of placement of diagnostic 
and/or therapeutic injections.
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Fig. 1 A hand-held musculoskeletal ultrasound in use. Note the small 
size of the US machine on the left compared to a mini C-arm on the 
right. Various transducers are available to acquire specific imaging. 
Many Ultrasound systems are quite portable and may be taken by the 
surgeon from the floor to the clinic or operating room
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3  Disadvantages

While musculoskeletal ultrasound is widely used in Europe 
and Canada, acceptance in the United States has been slow. 
There is a steep learning curve, and reliability of the ultra-
sound study is dependent on a well-trained operator. To pro-
vide consistent results, physicians using musculoskeletal 
sonography should receive proper training. The American 
Medical Society for Sports Medicine (AMSSM) developed a 
curriculum for sports medical fellowships in 2010. This cur-
riculum allows for specific training in the core competencies 
of sports sonography in order to include ultrasound profi-
ciency in the toolbox of orthopaedic sports medicine physi-
cians [5, 6]. Intrinsic limitations to sonography include 
reduced resolution at tissue depths greater than 3 cm (often 
an issue with obese patients), the “keyhole” nature of images 
which results in difficulty with orientation and understand-
ing of visualized pathology; and the inability to see through 
bone, gas, or metal [3].

4  Technical Considerations

Ultrasound images are created by the placement of a probe 
directly on the skin which directs sound waves into the tissues 
immediately beneath it. It is the interaction of these sound 
waves at soft tissue interfaces which determines the appear-
ance of the structure on the ultrasound image. There are sev-
eral types of probes available to the technician/physician, 
each with different contact surfaces or footprints. Utilization 
of the proper type of probe for the pathology being evaluated 
allows one to maximize visualization of the structure(s) in 
question. A 17-5 MHz linear array probe is used for general 
musculoskeletal examinations; it is particularly useful for 
evaluating linear internal structures such as tendons, liga-
ments, and muscles. A 15-7 MHz hockey stick probe is used 
for detailed evaluation of superficial structures less than 6 cm 
deep to skin. A 5-2 MHz curved sector array is used for evalu-
ation of deep structures up to 30 cm deep to skin.

In order to evaluate sonographic images, it is necessary to 
possess a detailed understanding of the appearances of both 
normal and pathologic structures (Fig. 2). Normal tendons 
appear as linear hyperechoic fibrillar structures. In tendino-
sis, there is loss of this normal fibrillar pattern and replace-
ment with hypoechoic areas. There will be a focal area of 
discontinuity of the tendon fibers in the case of a frank ten-
don tear (Fig.  3). Ligaments appear as thin hyperechoic 
structures; they become thickened and hypoechoic or discon-
tinuous when torn (Fig. 4). Muscle is hypoechoic with linear 
areas of increased echogenicity from the perimysium sur-

rounding muscle fascicles. Subcutaneous fat is hypoechoic 
with small echogenic septations. Articular cartilage is 
anechoic. Fibrocartilaginous structures such as the glenoid 
and acetabular labra along with the meniscus appear as 
hyperechoic. Bone is densely hyperechoic. Step-offs and 
cortical irregularities may represent occult fractures (Fig. 5). 
Nerves have honey comb echogenicity and may be depen-
dent on adjacent structures [7].

5  Soft Tissue Masses and Fluid 
Collections

Ultrasound is frequently used in the evaluation of soft tissue 
masses. It allows the physician to differentiate between solid 
and fluid filled masses, often eliminating the need for 
MRI. Solid lesions such as hemangiomas, lipomas, and giant 
cell tumors demonstrate internal vascularity on Doppler 
imaging. Cystic lesions are anechoic and ovular with a thin, 
well defined wall. The three criteria which confirm the diag-
nosis of a simple fluid collection on ultrasound are a well- 
defined posterior wall, anechoic, and increased through 
transmission of sound waves [8]. Lesions may be seen 
extending into the joint in the case of ganglia and popliteal 
cysts (Fig. 6). In patients with idiopathic dorsal wrist pain, 
ultrasound can diagnose an occult dorsal ganglion cyst with 
a sensitivity of 93%; this is equivalent to or better than diag-
nosis via MRI [9].

Fig. 2 Short axis US image of medial ankle structures compared to an 
MRI of the same area. Tendons become darker and brighter depending 
on their angulation with respect to transducer orientation, a property 
known as anisotropy. (TP Tibialis posterior, FDL flexor digitorum lon-
gus, FHL flexor hallucis longus, A posterior tibial artery, V Veins, N 
Tibial Nerve, T Tibia)
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Fig. 3 Achilles Tendon pathology as seen on ultrasound. (a) Achilles 
tendon rupture; (b) Nodular Achilles Tendinopathy; (c) Insertional 
Achilles Tendinopathy with hyperechoic calcifications and hypoechoic 

lakes of tendinopathy. (R Achilles Rupture, RB Retrocalcaneal Bursitis, 
C Calcaneus, FHL Flexor Hallucis Longus, D Tendinopathy)

Fig. 4 Spring (Deltoid) Ligament tear. (SL Spring Ligament, T Talus, 
PT Posterior Tibialis Tendon)

Fig. 5 Ultrasound Palpation Test: In cases of plain-film negative focal 
foot and ankle pain, the maximal point of tenderness is marked on the skin 
and localized on ultrasound imaging. Under direct visualization, the 
underlying anatomic structures are then palpated, manipulated and 
stressed dynamically by the transducer and the free examiner hand. In this 
case, the Ultrasound Palpation Test revealed a fracture of the lateral pro-
cess of the talus in mountain biker with negative X-rays. Note the cortical 
discontinuity. (CB Cortical Bone; E Edema, F Fracture Step-Off)
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6  Foreign Bodies

Ultrasound is used for foreign body localization in order to 
assist with extrication. Foreign bodies appear as hyper-
echoic foci with accompanying acoustic shadowing on 
sonography (Fig. 7). There may be a surrounding hypoechoic 
halo in the presence of edema, abscess, or granulation tissue 
[10, 11]. The presence of acoustic shadowing differentiates 
foreign bodies from scar tissue, gas bubbles, and normal 
intermuscular fascia [12]. Sonography has a sensitivity of 
94–95% for the detection of foreign bodies including metal, 

glass, and wood [13–15]. Unlike metal and glass, wood is 
radiolucent in radiographs because its attenuation is similar 
to that of soft tissues. A missed foreign body can be asymp-
tomatic or can lead to complications such as pain, infection/
abscess, tendon rupture, vascular events, or neurological 
deficits [16–22].

7  Nerve Entrapment

Compression of peripheral nerves is most commonly diag-
nosed by clinical exam and electrodiagnostic testing. 
Ultrasound has been suggested by some authors as a less 
invasive means of diagnosing nerve compression than elec-
trodiagnostic testing, particularly with carpal tunnel and 
cubital tunnel syndrome [23]. This is performed by measur-
ing the cross-sectional area of the nerve being evaluated at 
the site of most compression. A recent meta-analysis showed 
comparable sensitivity and specificity of ultrasound and 
electrodiagnostic testing in the diagnosis of carpal tunnel 
syndrome [24].

8  Rotator Cuff Tears and Other Shoulder 
Pathology

On sonographic examination, a healthy rotator cuff is uni-
form in thickness with homogenous echogenicity. It is 
4–6  mm anteriorly and somewhat thinner posteriorly. 
Tendinopathy is characterized as a thickened and heteroge-
nous tendon. Subacromial bursitis is characterized as a band 
of decreased signal superficial to the cuff [25]. A partial 
thickness tear is a defined as a hypoechoic discontinuity in 
either the bursal or articular side of the rotator cuff tendon or 
as a mixed hyperechoic and hypoechoic region within the 
tendon. With a full thickness tear, there is either non- 
visualization of the cuff or focal discontinuity in the homog-
enous echogenicity of the cuff [26].

At this point, MRI is currently the standard of care in the 
United States for diagnosing rotator cuff tears. That being 
said, multiple studies have found MRI and ultrasound to 
have a comparable sensitivity and specificity of approxi-
mately 95% in the diagnosis of both full thickness and partial 
thickness rotator cuff tears [26–31]. Other shoulder pathol-
ogy such as bicep tendonitis, calcific tendonitis, and sub-
acromial bursitis can also be diagnosed effectively with 
ultrasound [32]. Ultrasound offers the potential for signifi-
cant cost and time savings in that the imaging procedure and 
subsequent treatment plan can be discussed at the initial 
patient visit. In contrast to MRI, ultrasound also allows for a 
dynamic functional examination of the shoulder.

Fig. 6 Ganglion Cyst. Note the homogeneous hypoechoic mass. On 
color Doppler imaging there is no vascular ingrowth. An ultrasound- 
guided aspiration may be performed in at the same visit. Intraoperatively, 
the surgeon may trace the ganglion’s stalk down to the underlying 
pathology, decreasing incisional and explorative co-morbidity. (G 
Ganglion Cyst)

Fig. 7 Most modern suture anchors are radiolucent (plastic poly-
etheretherketone [PEEK] or bio-absorbable composite poly-L-lactic 
acid [PLLA]). Ultrasound clearly shows the failed PEEK screw in the 
soft-tissue just distal to the failed tendon repair. This was not apparent 
on plan film X-rays which were read as normal in this patient. (S screw; 
T failed tendon transfer)
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9  Peroneal Tendon Instability

Peroneus longus and peroneus brevis muscles are dynamic 
stabilizers of the ankle joint. Patients with peroneal tendon 
subluxation and dislocation present with pain, tenderness 
posterior to the lateral malleolus, and voluntary subluxation 
of the tendons with a subjective “snapping” sound. Dynamic 
ultrasound is the diagnostic exam of choice because it allows 
for visualization of peroneal tendon subluxation with ankle 
movement. Peroneal tendon tears can be diagnosed using 
sonography with a sensitivity of 100%, specificity of 85%, 
and accuracy of 90% [33] (Fig. 8). MRI is useful if consider-
ing surgical intervention to assess for the presence of synovi-
tis, tendinosis, a low-lying peroneus brevis muscle belly, and 
a peroneus quartus [34].

10  Pediatric Developmental Dysplasia 
of the Hip (DDH)

In the first 6 months of life, ultrasound is the imaging exam 
of choice in the evaluation of the pediatric hip. Unlike radi-
ography, sonography allows for examination of the cartilagi-
nous femoral head and surrounding soft tissue structures 
such as the labrum. Diagnosis of developmental dysplasia 
with sonography has a sensitivity of 88% and specificity of 
96%. Use of ultrasound to evaluate infants with risk factors 
for hip dysplasia or those with an equivocal physical exam 
has significantly decreased the rate of emergence of late 
DDH cases [35]. The risk factors necessitating sonographic 
screening are a positive family history, breech birth position, 
and conditions which result from intrauterine crowding such 

as neonatal clubfoot and torticollis. Screening is performed 
at 4–6  weeks of age. A sonographic exam performed at 
<4 weeks of age results in a high rate of false positive results 
due to physiologic immaturity of the hips [3].

There are two commonly used techniques to evaluate for 
hip dysplasia: the static Graf method which assesses mor-
phology and the dynamic Harcke method which assesses 
femoral head stability. With the Graf method, coronal plane 
imaging is performed with the infant in the supine or lateral 
decubitus position. The alpha angle is created by lines 
along the bony acetabulum and the ilium. Normal is greater 
than 60°. The beta angle is created by lines along the labrum 
and ilium. Normal is less than 55° [36]. For the dynamic 
Harcke method, the hip is subjected to stress maneuvers in 
order to assess femoral head stability [37]. The Barlow 
maneuver dislocates a dislocatable hip with adduction and 
depression of the flexed femur. The Ortolani maneuver 
reduced a dislocated hip with elevation and abduction of 
the flexed femur. Based on ultrasound and physical exam 
findings, an infant’s hip can be classified as normal, imma-
ture, mildly dysplastic, or severely dysplastic with femoral 
head displacement.

11  Injections

Numerous studies have demonstrated that the use of ultra-
sound to guide injections significantly increases accuracy, 
particularly with small joints (Fig. 9). Injections done with-
out image guidance miss their target 14–71% of the time; the 
use of ultrasound decreases this failure rate to approximately 
5% [38–46]. At this point in time, it is unknown whether this 
increased accuracy correlates with clinical efficacy. Injected 
corticosteroids diffuse through tissue planes, evident through 

Fig. 8 Peroneus brevis tendon split tear. On dynamic imaging the pero-
neus longus tendon sandwiches the brevis between itself and the fibula: 
a back and forth sawing motion cuts the brevis in-line with its collagen 
bundles much like a Gigli saw. (F Fibula, PL Peroneus Longus Tendon, 
PB Peroneus Brevis Tendon, SPR Superficial Peroneal Retinaculum)

Fig. 9 Small, intermediate and large joints are difficult to accurately 
inject using only anatomic landmarks. Ultrasound-guided injections 
have been shown to be safe and accurate. Contrast is not required as the 
joint can been seen to expand on dynamic imaging. (M Metatarsal; P 
Proximal Phalanx)

The Techniques and Merit of Ultrasound in Orthopaedics



84

common complications such as subcutaneous fat atrophy 
and depigmentation [1]. As such, it is unlikely that cortico-
steroid injections require pinpoint accuracy. In contrast, the 
use of sonographic guidance for injection of hyaluronic acid 
derivatives and platelet rich plasma could improve efficacy. 
More research is needed to determine if the use of ultrasound 
to guide injections improves clinical outcomes.
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Shoulder Joint Sonoanatomy 
and Ultrasound-Guided Shoulder Joint 
Injection

Allan Zhang and George C. Chang Chien

1  Introduction

Ultrasonography (US) is an excellent imaging modality for 
the evaluation of shoulder joint and rotator cuff diseases. 
When used appropriately, US can offer diagnostic accuracies 
approaching 100% for full thickness rotator cuff tears and 
91% for partial thickness tears [1, 2]. US can also accurately 
identify tendon dislocations as well as shoulder bursitis. The 
initial step to developing a comprehensive knowledge in US 
shoulder examination is to have a detailed understanding of 
the anatomy. Then, the US examination of the shoulder can 
be approached in a systematic and methodical manner in 
order to provide a thorough and yet efficient examination.

2  Anatomy

The shoulder joint is a complex articulation among the gle-
noid, proximal humeral head and distal clavicle (Fig.  1). 
Multiple tendinous and ligamentous attachments function 
together to allow for the dynamic mobility of the shoulder. 
The rotator cuff muscles serve to stabilize the shoulder as 
well as support motion for shoulder abduction and internal 
and external rotation. The rotator cuff is composed of four 
muscles attached as tendons onto the proximal humerus: the 
supraspinatus, infraspinatus, teres minor, and subscapularis 
(Fig. 2). The supraspinatus muscle originates in the supra-
scapular fossa and inserts predominately onto the superior 
facet of the greater tuberosity. A portion of the supraspinatus 
inserts onto the middle facet and overlaps with the infraspi-

natus insertion. The infraspinatus is located within the infra-
scapular fossa, below the scapular spine, and inserts onto the 
middle facet of the greater tuberosity. The teres minor is 
located just below the infraspinatus and inserts onto the infe-
rior facet of the greater tuberosity posteriorly. Lastly, the 
subscapularis originates within the subscapular fossa, ante-
rior to the scapula, and is the only rotator cuff muscle to 
insert on the lesser tuberosity. Understanding the facet anat-
omy and bony landmarks can facilitate correctly identifying 
individual rotator cuff tendon insertions on US examination 
(Fig. 3).

Careful evaluation of the long head of the bicep tendon 
should also be part of the US examination of the shoulder 
and is typically the first landmark identified when evaluating 
the shoulder. The long head of the bicep tendon originates 
from the supraglenoid tubercle and courses within the bicipi-
tal groove, a bony landmark between the greater and lesser 
tuberosities. It joins with the short head of the bicep in the 
middle upper arm to form a single muscle mass which have 
an unified tendon that inserts onto the radial tuberosity. Its 
function is to flex and supinate the forearm. Variant anatomy 
of the long head of the bicep tendon can rarely be seen as 
posterior attachment on the supraglenoid tubercle [18]. The 
long head of the bicep tendon is secured within the bicipital 
groove by the overlying transverse humeral ligament. As it 
courses superiorly, it arches through the rotator cuff interval 
where it is stabilized by the superior glenohumeral and cora-
cohumeral ligaments. Any deficiency within these ligaments 
can result in subluxation/dislocation of the long head bicep 
tendon.
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Complete US examination of the shoulder must also 
include the interrogation of the acromialclavicular joint. 
The acromioclavicular joint, formed by the acromion and 
clavicle is a synovial joint susceptible to degenerative 
arthritic changes. Another anatomical structure worth 
mentioning is the subacromial subdeltoid (SASD) bursa, a 
fluid-filled, saclike structure lined by synovial membrane. 
It is the largest bursa in the body and functions as a lubri-
cant to reduce the friction between the supraspinatus and 
the acromion [10]. SASD bursitis can be a painful presen-
tation of shoulder pain and is reliably diagnosed on 
ultrasound.

3  Patient Positioning and Sonographic 
Anatomy

Successful US evaluation of the shoulder is heavily reliant 
on positioning. Optimal positioning not only increases the 
diagnostic accuracy of the examination by way of minimiz-
ing US specific artifacts, it also improves patient comfort and 
overall experience. As with any anatomical structure evalu-
ated with US, it should be done in both the long and short 
axis. The stepwise fashion of US evaluation of the shoulder 
is a method advocated in this chapter. It allows for a system-
atic and consistent approach to minimize errors.

Clavicle

Coracoid

Scapula

Infraglenoid tubercle

Acromion

Acromion

Supraspinatus fossa

Scapular spine

Infraspinatus fossa

Humeral head

Supraglenoid tubercle

Greater tuberosity

Lesser tuberosity

Fig. 1 3-D renderings of the 
anterior (top) and posterior 
(bottom) bony anatomy of the 
shoulder
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3.1  Long Head Bicep Tendon

The patient is initially asked to place the hand supinated over 
the thigh. The US transducer is then placed in the axial plane 
over the anterior shoulder (Fig. 4a). The bicipital groove is 
situated between the characteristic echogenic bony contours 
of the greater and lesser tuberosities (Fig. 4b). The long head 

of the bicep tendon will appear in short axis as hyperechoic 
and fibrillar (Fig. 4b). Angling of transducer will sometimes 
produce areas of hypoechoic shadows within the tendon sec-
ondary to anisotropy. It is important to not mistake this as 
partial tears or other pathology. The long head of the bicep 
tendon is followed both proximally and distally to evaluate 
for any abnormalities such tendonosis, tenosynovitis, or ten-
don tear. At this point, the transducer is turned 90 degrees to 
evaluate the long head of the bicep tendon in its long axis 
(Fig. 4b). Again, anisotropy can be produced depending on 
the obliqueness of the transducer.

3.2  Subscapularis

The patient is again asked to place the hand supinated over 
the thigh. Using the same technique for evaluating the long 
head of the bicep tendon, the transducer is again placed in 
axial orientation over the anterior shoulder. Moving medi-
ally, the subscapularis muscle will be visualized in its long 
axis coursing anterior toward the lesser tuberosity (Fig. 5). If 
anisotropy is encountered, ask the patient to externally rotate 
the shoulder [20]. The subscapularis tendon is then pulled 
laterally and its fibers will be oriented perpendicular to the 
sound beam [19]. Carefully inspect the subscapularis tendon 
by moving the transducer up and down to fully interrogate its 
entirety. The transducer is then rotated 90 degrees to visual-
ize the subscapularis tendon in its short axis. It is important 
not to mistake the normal appearance of tendinous bundles 
of the subscapularis muscle as it the muscle interdigitates 
near the insertion on the lesser tuberosity as tears in the 
tendon.

3.3  Supraspinatus

The supraspinatus is the most commonly injured rotator cuff 
muscle and tendon [21]. To evaluate the supraspinatus, the 
patient is asked to place the dorsal aspect of the ipsilateral 
hand behind his back (Fig. 6a). This provocative maneuver, 
called the Crass position, hyperextends and internally rotates 
the arm, bringing the distal supraspinatus muscle and tendon 
into profile [6]. In this position, the greater tuberosity is 
located anteriorly on the patient. Simply place the transducer 
in the sagittal plane over the greater tuberosity and the long 
axis view of the supraspinatus tendon will be visualized 
(Fig. 6c). Rotating the transducer 90 degrees will now dem-
onstrate the supraspinatus tendon in short axis (Fig. 6b). The 
Crass position was the first position introduced for the evalu-
ation of the supraspinatus. However, this position of hyper-
extending and internally rotating the arm, may cause 
significant pain, especially in patients already with diseased 
tendons. The modified Crass position, where the patient’s 

Lesser tuberosity

Subscapularis

Teres minor

Infraspinatus

Supraspinatus

Fig. 2 3-D renderings demonstrating rotator cuff muscles

Middle facet Superior facet

Lesser tuberosity
Inferior facet

Fig. 3 Greater tuberosity facet anatomy
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ipsilateral hand is placed on the closest hip or buttock region 
has been introduced (Fig.  7) [19, 20]. In this position, the 
greater tuberosity is located more laterally than the Crass 
position, as the degree of internal rotation is less [19, 20]. 
Placing the transducer obliquely in approximately 45 degrees 
inferior and lateral to the acromioclavicular joint will dem-

onstrate the supraspinatus tendon in long axis attaching to 
the superior facet of the greater tuberosity. Sweep the full 
length of the supraspinatus tendon to ensure complete evalu-
ation. Once this has been completed, rotate the transducer 90 
degrees to examine the supraspinatus tendon in short axis.

3.4  Infraspinatus and Teres Minor

To visualize the infraspinatus tendon, the patient’s arm is 
returned to the neutral position with the hand supinated. 
The transducer is placed over the posterior shoulder, in a 
slight oblique orientation, paralleling the scapular spine 
(Fig. 8). This position will demonstrate long axis view of 
the infraspinatus tendon (Fig.  9a-d). Other helpful tech-
nique includes having the patient reach for the contralateral 
shoulder with his ipsilateral hand [19, 20]. This will expose 
the distal infraspinatus tendon as it is moved away from 
underneath the acromion. The teres minor muscle and ten-
don is closed situated with the infraspinatus. Moving the 

a b

Fig. 4 (a) Patient positioning for evaluation of long head of the bicep tendon. (b) Long axis (top) and short axis (bottom) views of the long head 
of the bicep tendon. GT greater tuberosity, LT lesser tuberosity, BG bicipital groove, BT bicep tendon

Fig. 5 Long axis view of the subscapularis muscle and tendon. CP 
coracoid process. Dashed bracket demonstrate the anterior and poste-
rior margins of the subscapularis muscle. LT lesser tubercle of the 
humeral head. White arrows = These point to the subscapularis inser-
tion on the LT, a common area of pathology
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transducer slightly inferior to the infraspinatus, the teres 
minor muscle and tendon will appear as a thin, more super-
ficial structure attaching to the inferior facet along the pos-
terior aspect of the greater tuberosity. After examining the 
entirety of the infraspinatus and teres minor tendons in long 
axis, rotate the probe 90 degrees to evaluate them in the 
short axis.

3.5  Acromioclavicular (AC) Joint 
and Subacromial Subdeltoid Bursa

To locate the acromioclavicular joint, the patient’s arm is 
placed in the neutral position with palm facing up. Palpate 
the clavicle and move laterally toward the acromion. 
Place the transducer in the coronal plane over the acro-
mioclavicular joint (Fig.  10a-b). The acromioclavicular 
joint is then evaluated for narrowing, widening, offset, 
and bony irregularities. The subacromial subdeltoid 
(SASD) bursa is a potential space located inferior to the 
acromion, bounded laterally by the supraspinatus, and 
lies deep to the deltoid muscle (Fig.  11) [9]. On US, 

SASD bursa appears as a thin homogenous hypoechoic 
layer of synovial fluid overlying the supraspinatus ten-
don (Fig. 12) [14].

4  Commonly Encountered Pathologies 
of the Shoulder

Generally speaking, all muscular tendons of the shoulder are 
susceptible to tendinosis, tendinitis, and tenosynovitis. 
Tendinosis is chronic degeneration of the tendon fibers sec-
ondary to overuse; tendinitis is inflammation of the tendon 
[3]. Lastly, tenosynovitis is inflammation of the tendon 
sheath, a synovial membrane surrounding the tendon. While 
these terms are similar, they should not be confused with one 
another, as the pathophysiology among the three can be dis-
tinctly different. Importantly, tendinitis has been found to be 
quite uncommon and overly diagnosed, as tendon pathology, 
aka tendinopathy, have been found to be mostly a non- 
inflammatory disease process.

In addition, tendons can suffer from either partial or full 
thickness tears. Rotator cuff tears can further be categorized 

a b

c

Fig. 6 (a) Crass position for evaluation of the supraspinatus in short axis. (b) Short axis view. SS supraspinatus, yellow dash bicep tendon, (c) 
Long axis view. SST supraspinatus tendon, SF superior facet, MD medial deltoid muscle
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as articular sided, bursal sided, or intrasubstance tears. In 
certain cases, tendon tears can be associated with avulsed 
bony fragments at the insertion site. These bony fragments 
appear as linear echogenicities with posterior acoustic shad-
owing on US.

Long head bicep tendon subluxation/dislocation The 
extraarticular portion of the long head of the bicep tendon 
is secured within the bicipital groove by the transverse 

humeral ligament. As it moves more proximally and 
becomes intraarticular, the long head of the bicep tendon is 
stabilized by the coracohumeral and superior glenohu-
meral ligaments within the rotator interval. Any tears or 
deficiencies within these stabilizing ligaments can cause 
medial subluxation or dislocation of the long head of the 
bicep tendon. On US, this presents as absence of the 
expected hyperechoic tendon within the bicipital groove 
(Fig. 13a, b). Provocative maneuvers such as external rota-
tion of the shoulder may induce subtle tendon subluxation/
dislocation.

Rotator cuff tear The supraspinatus tendon is the most 
commonly injured rotator cuff tendon [21]. Full thickness 
tears of the supraspinatus tendon extending from the artic-
ular to bursal side will demonstrate an anechoic/hypoechoic 
area where normally the tendon appears hyperechoic 
(Fig. 14). It is important to evaluate the supraspinatus ten-
don in both the long and short axis, as one view may not 
demonstrate the tear as well as the other view. Partial tears 
can be articular sided, bursal sided, or intrasubstance. On 
US, these are characterized by focal anechoic areas dis-
rupting the supraspinatus tendon without complete break-
through (Fig. 15). Intrasubstance tears are tears within the 
tendon substance without contact with the articular or bur-
sal side. They will appear as anechoic or hypoechoic areas 

Fig. 7 Modified Crass position for evaluation of the 
supraspinatus

Fig. 8 Patient positioning for the evaluation of infraspinatus and teres 
minor
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within the tendon. Isolated tears of the subscapularis ten-
don are infrequent [4, 5]. More commonly, subscapularis 
tendon tears are associated with accompanying supraspi-
natus injury. Similar to tears of the other rotator cuff mus-
cle and tendons, tears of the infraspinatus and teres minor 
can be full or partial thickness. These tears will demon-
strate similar imaging findings as that of supraspinatus ten-
dons tears.

Calcific tendinosis Calcific tendinosis is pathologic deposi-
tion of calcium hydroxyapatite crystals within tendons 
[11, 15]. The most commonly affect rotator cuff tendon is the 
supraspinatus. The exact etiology of the hydroxyapatite depo-
sition remains unclear. Metabolic and endocrine related theo-
ries have been proposed [15] and it is believed that they are a 
part of the healing cascade. On US, this appears as calcifica-
tion of the distal supraspinatus tendon insertion (Fig. 16).

a
c

b d

Fig. 9 (a) Osteology of the posterior shoulder under ultrasound. The 
glenoid (G), the humerus, and the middle facet (MF) where the infraspi-
natus inserts are highlighted. (b) The muscles of the posterior shoulder 
under ultrasound. The Posterior deltoid (P.  Deltoid), and the 
Infraspinatus (IS). (c) The posterior labrum is outlined. (d) The articu-

lar cartilage on the surface of the humeral head is outlined. The arrow 
depicts one method of performing a glenohumeral joint injection under 
ultrasound guidance. The goal is to place the needle tip on top of the 
cartilage, near the intersection between the labrum and the cartilage
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Acromioclavicular and glenohumeral joint osteoarthritis The 
normal AC joint measures approximately 3–5  mm and has 
smooth and well corticated margins [7]. The most commonly 
encountered pathology of the AC joint is degenerative arthritis. 
On US, this appears as a combination of joint space narrowing, 
marginal osteophytes, and subchondrol cystic changes. Similar 
imaging findings are seen in glenohumeral joint osteoarthritis.

Acromioclavicular joint injury Traumatic injury to the AC 
joint is stratified into grades based on severity and imaging 
appearances. Low grade AC joint injury may be normal on 
imaging or appear as subtle widening of the AC joint. As AC 
injury severity increases, cross sectional imaging such MRI 
may be required to evaluate subtle ligamentous injuries and/
or osseous marrow edema.

a b

Fig. 10 (a) Patient positioning for evaluation of AC joint. (b) Sonographic appearance of the AC joint in coronal plane

Acromion

Subdeltoid bursa fused
with subacromial

bursa

Transverse humeral
ligament

Subscapularis muscle

Biceps brachii tendon
(long head)

Fig. 11 Anatomy 
surrounding the SASD bursa

A. Zhang and G. C. Chang Chien



95

Subacromial impingement Subacromial impingement is 
the most common form of shoulder impingement and results 
in pathology arising from the subacromial space [8]. It repre-

sents a spectrum of rotator cuff disease ranging from sub-
acromial bursitis to rotator cuff tendinopathy to full-thickness 
rotator cuff tears [8]. Subacromial impingement may be sec-
ondary to intrinsic and extrinsic etiologies and most com-
monly affects the supraspinatus muscle and tendon. Certain 
morphology of the acromion may also predispose patients to 
early impingement symptoms. Most often, however, chronic 

Fig. 12 Long axis view of the shoulder. SASD subacromial subdeltoid 
bursa

a

b

Fig. 13 (a) Short-axis view of the biceps which has subluxed out of the 
groove, and moved medial, shearing the subscapularis tendon. Dashed 
arrow demonstrates the subluxation. (b) Long-axis view of the biceps 
tendon. Dashed line demarcates the anterior and posterior margins of 
the BT. The BT has lost its striated pattern and is heterogeneous with 
multiple hypoechoic voids

Fig. 14 Long axis view of the supraspinatus demonstrating full thick-
ness rupture of the tendon with retraction of the muscle. Yellow dotted 
line depicts the edge of the retracted tendon

Fig. 15 Short axis view of the supraspinatus tendon demonstrating 
partial thickness articular sided tear (yellow brackets)

Fig. 16 Long axis view demonstrating curvilinear calcification deposi-
tion in the supraspinatus tendon
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degenerative osteoarthritis produce marginal osteophytes 
extending off the inferolateral aspect of the acromion. This 
results in narrowing of the subacromial space and mass effect 
on the supraspinatus tendon traversing underneath the acro-
mion. On US, this can be evaluated dynamically. Starting in 
the same position for evaluating the AC joint, the transducer 
is moved laterally until the lateral edge of the acromion is 
visualized. The patient’s arm is then passively abducted 
under real time evaluation. During abduction, the supraspi-
natus tendon and overlying subacromial-subdeltoid bursa 
should slide smoothly under the acromion. Interdisposition 
of the supraspinatus tendon and/or trapping of bursal fluid at 
the lateral acromion edge are indicative subacromial 
impingement [8].

Subacromial subdeltoid bursitis SASD bursitis is inflam-
mation of the bursa and may be secondary to impingement, 
rotator cuff tears, infection, or inflammation. On US, 
 characteristic finding is fluid distending the SASD bursa and 
hyperemia. This fluid may be homogenously anechoic or 
heterogeneously hypoechoic suggesting the presence of 
inflammatory debris (Fig. 17).

5  Interventional Techniques

Tendon fenestration The act of perforating a ligament or 
tendon is termed, fenestration. Ultrasound-guided fenestra-
tion occurs once the targeted area is identified via ultrasound 
and the needle is inserted into the tissue. The needle is then 
passed into the target, withdrawn, redirected, and passed into 

the targeted tissue [12]. There is no exact precedence for 
when to terminate the procedure [12–15]. When calcific ten-
dinosis is identified, the fenestration process can be utilized 
to disrupt the calcium deposit and facilitate reabsorption of 
the calcium [15, 16]. Caution should be utilized not to create 
a larger defect, or worsen the injury. Depending on the degree 
of pre-existing injury, needle gauge should be carefully 
selected. Typically used needle gauge for calcific tendinosis 
fenestration is 18G–22G, while fenestration of the interstitial 
tendon tissue may range between 20–25G.

AC joint injection AC joint injection can be utilized to treat 
mild instability or osteoarthritis of the AC joint. Using the 
technique described in the above section, localize the AC 
joint under ultrasound guidance. Then using a 25G 1.5in 
needle, approach the AC joint from lateral to medial, In-Plane 
technique, or Out-of-Plane from posterior to anterior. 2–3 ml 
of injectate such as local anesthetic and corticosteroids, 
platelet rich plasma, or other solutions can be injected.

Glenohumeral joint injection The glenohumeral joint is a 
synovial joint, and as such, is susceptible to arthritic changes. 
The glenohumeral joint can be accessed both the anterior and 
posterior approach. The posterior approach offers several 
benefits over the anterior approach and will be discussed 
here. For the posterior approach, the patient is placed on his 
side, with the affected shoulder up. The transducer is aligned 
to the long axis of the infraspinatus tendon just inferior to the 
scapular spine. Several important bony land marks are iden-
tified (Fig. 9d). Ideal needle tip should be positioned between 
the free margin of the posterior glenoid labrum and articular 
cartilage of the humeral head [17]. Once this has been identi-
fied, a 22G or 25G 3.5in spinal need can be used to inject 
3-5 ml of injectate consisting of local anesthetic and steroid 
into the glenohumeral joint.

Subacromial subdeltoid bursa injection Locate the SASD 
bursa by positioning the patient into the Crass or modified 
Crass position. The SASD will be a thin sliver of fluid deep 
to the deltoid muscle and superficial to the supraspinatus ten-
don. The needle target will be the bursa. A 25G 1.5-inch 
needle or 22G 3.5-inch spinal needle is inserted in-plane. A 
3–5 ml of injectate of local anesthetic and corticosteroids, 
platelet rich plasma, or other solutions can be injected for 
therapeutic relief.

6  Conclusion

US can be a useful tool for diagnosis and guiding treatment 
in many shoulder pathologies. Having a fundamental under-
standing of the shoulder anatomy and its sonographic appear-

Fig. 17 Short axis view demonstrating heterogeneous fluid distention 
of the SASD bursa (yellow arrow)
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ances will aid the clinician in both evaluating and treating 
patients.
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Elbow Joint Sonoanatomy 
and Ultrasound-Guided Elbow  
Joint Injection

Allan Zhang and George C. Chang Chien

1  Introduction

The elbow accounts for approximately 20–25% of all upper 
extremity sports related injuries [1]. These injuries are gen-
erally divided into three categories: acute injuries, acute on 
chronic injuries (acute injuries made vulnerable to overuse), 
and chronic injuries (multiple repetition overuse injuries). 
Clinical examination and radiography are essential for the 
initial evaluation of the elbow. Cross sectional imaging such 
as CT and MRI are useful for detailed evaluation of the soft 
tissues, articular cartilage, and bony marrow injuries. More 
recently, US has emerged as an important diagnostic tool for 
the assessment of elbow injuries. It offers the clinician sev-
eral distinct advantages over its cross sectional counterparts 
including dynamic real time examination, direct patient 
feedback, and ability to guide therapeutic interventions. If 
used skillfully, US can be a powerful diagnostic alternative 
or helpful adjunct to CT and MRI. In this chapter, discus-
sion will first include the normal anatomy of the elbow and 
its sonographic appearance. US technique and positioning 
as well as several commonly encountered disease patholo-
gies will be reviewed. Lastly, several fundamental US 
guided therapeutic interventions of the elbow will be 
presented.

2  Anatomy and US Technique

The elbow is a complex joint formed by the proximal radius, 
proximal ulna, and distal humerus and their three articula-
tions: radiocapitellar, ulnotrochlear, and proximal radioulnar 

joints (Fig.  1).The medial elbow is stabilized by the ulnar 
collateral ligament (UCL), comprising of anterior, posterior, 
and transverse bands. The anterior band is the primary 
restraint against valgus force [2]. It extends from the medial 
epicondyle of the humerus to the sublime tubercle of the ulna 
(Fig. 2). Laterally, the elbow is stabilized against varus stress 
by the lateral collateral ligament complex (Fig. 3) [2]. It is 
composed of the radial collateral ligament, the lateral ulnar 
collateral ligament (LUCL), and the annular ligament 
(Fig. 3) [3]. The LUCL provides the primary varus restraint 
and arises from the lateral epicondyle of the humerus to the 
supinator crest of the ulna. The annular ligament surrounds 
the radial head and neck and inserts itself into the radial 
notch [3, 4]. The radial collateral ligament also originates 
from the lateral epicondyle and joins with the annular liga-
ment to attach on the radial neck [3, 4].

Anteriorly within the elbow, the brachialis muscle and 
tendon inserts on the coronoid process of the ulna (Fig. 4). 
The bicep brachii overlies the brachialis muscle and inserts 
onto the radial tuberosity (Fig.  4). The short head of the 
bicep brachii is more superficial and inserts distally in com-
parison with the long head [3, 4]. Posteriorly, the triceps 
brachii muscle inserts onto the olecranon process of the ulna 
(Fig. 4). The anconeus is a sliver of muscle situated between 
the lateral epicondyle and posterior olecranon. Medially, the 
common flexor tendon, consisting of the flexor carpi radia-
lis, palmaris longus, flexor carpi ulnaris, and flexor digito-
rum superficialis, arises from the medial epicondyle of the 
distal humerus. Laterally, the common extensor tendon, 
consisting of extensor carpi radialis brevis, extensor digito-
rum communis, extensor digiti minimi, and extensor carpi 
ulnaris, originates on the lateral epicondyle of the distal 
humerus.

Several nerves course through the elbow joint and should 
be noted carefully on US exam. The ulnar nerve courses pos-
terior to the medial epicondyle, within the cubital tunnel 
(Fig.  5). The cubital tunnel is bounded medially by the 
medial epicondyle, laterally by the olecranon process, supe-
riorly by the cubital tunnel retinaculum (a fibrous band of 
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tissue), and inferiorly by the elbow joint capsule [5–7]. The 
median nerve enters the antecubital fossa, a triangular space 
in the anterior elbow joint, and courses medial to brachial 
artery and biceps brachii tendon (Fig. 5). The radial nerve 
initially courses posteriorly within the radial groove of the 
arm. It then folds around the lateral epicondyle and courses 
anteriorly to enter the antecubital fossa (Fig. 5). These nerves 
are all susceptible to compression syndromes and can give 
rise to elbow related pain [8].

In addition, a number of bursas has been identified around 
the elbow joint. Bursa is a fluid-filled, saclike structure lined 
by synovial membrane which forms in clefts between mobile 
structures in the musculoskeletal system. Bursas reduce fric-

tion between mobile structures such as muscles, tendons, 
bone, and skin. The term bursitis implies inflammation and is 
associated with tenderness over the bursa. The olecranon 
bursa is the most superficial of the elbow bursas, and swell-
ing of this bursa is both common and easily observed [9].

Now that a fundamental understanding of the structural 
anatomy of the elbow has been obtained, the US appearances 
and techniques can then be discussed. A practical approach 
to US examination of the elbow is to divide it into four com-
partments: anterior, lateral, medial, and posterior. In each 
compartment, several important structures must be evaluated 
(Fig. 6). Generally speaking, a flat US transducer with fre-
quency of 12–18 MHz is optimal for evaluating superficial 
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Fig. 1 3-D renderings of the anterior (left) and lateral (right) bony elbow anatomy
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Fig. 2 3-D rendering of the three bands of the ulnar collateral ligament 
within the medial elbow
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Fig. 3 3-D rendering of the stabilizing ligaments of the lateral elbow 
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musculoskeletal structures of the elbow [10]. Transducer 
 frequency may be reduced in patients with large body mass 
in order to increase depth penetration.

2.1  Anterior Elbow

The important structures to be evaluated in the anterior com-
partment are the distal bicep muscle and tendon, the brachia-
lis muscle and tendon, and the median nerve. The patient is 
positioned with the arm fully extended and supinated 
(Fig. 7a). This can be accomplished with the patient lying on 
his back or sitting. The examination should include both 
axial and sagittal planes extending at least 5 cm proximal and 
5 cm distal to the joint [11]. To begin, the transducer is placed 
in axial plane over the distal humerus. Several important ana-
tomical landmarks are demonstrated (Fig. 7b). The charac-
teristic convex margins of the capitellum and the concave 

margin of the trochlea are noted. The capitellum articulates 
with the radius, while the trochlea articulates with the troch-
lear notch of the ulna. The articular surfaces are covered with 
hyaline cartilage which is hypoechoic on US (Fig. 7b). The 
hypoechoic muscle immediately anterior to the distal 
humerus is the brachialis. Superficial to the brachialis is the 
distal bicep brachii. The brachial artery is medial to the bicep 
brachii and can be reliably indentified by its pulsatile mor-
phology. Slightly medial to the brachial artery is the median 
nerve. Scan the elbow joint both proximally and distally and 
be mindful as to not mistake anisotropy for pathology. The 
transducer is then rotated 90 degrees to evaluate the anterior 
structures in long axis (Fig. 7c).

2.2  Medial Elbow

The key structures evaluated in the medial compartment 
are the common flexor tendon origin, anterior band of the 
ulnar collateral ligament (UCL), and the ulnar nerve. The 
common flexor tendon originates from the medial epicon-
dyle and together with the UCL, supports the elbow in 
valgus stress. To begin the exam, the patient is positioned 
with the forearm placed in forceful external rotation with 
the elbow extended or slightly flexed (Fig. 8a). The trans-

Tricep brachii

Brachialis

Bicep brachii

Fig. 4 Oblique view demonstrating muscular attachments at the elbow

Radial nerve

Ulnar nerve

Median nerve

Fig. 5 Anterior view of the elbow joint following the courses of the 
radial, ulnar, and median nerves
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CHECKLIST FOR ELBOW US EVALUATION

Anterior Elbow Distal bicep muscle and tendon
Brachialis muscle and tendon
Median nerve

Common flexor tendon origin
Medial collateral ligament, anterior band
Ulnar nerve

Common extensor tendon origin
Lateral collateral ligament complex
Radial collateral ligament
Radial nerve

Triceps muscle and tendon
Olecranon bursa

Medial Elbow

Lateral Elbow

Posterior Elbow

Fig. 6 Checklist for US elbow in each compartment

a b

c

Fig. 7 (a) Transducer positioning for the anterior elbow in short axis. (b) 
Corresponding US appearance in short axis. BR brachialis muscle, BB 
bicep brachii, BA brachial artery, C capitellum, Lat T lateral 

trochlea(outined in yellow), Med T medial trochlea(outlined in red), solid 
blue arrow = articular cartilage, arrow = median nerve. (c) Sagittal long 
axis image of the anterior elbow. DBT distal bicep tendon, H humerus
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ducer is then placed in long axis with paralleling the fore-
arm over the medial  epicondyle of the humerus. Several 
key anatomic structures are identified in this view 
(Fig.  8b). The common flexor tendon should be viewed 
just anterior to the medial epicondyle with its characteris-
tic fibrillar pattern. The anterior band of the UCL is seen 
attached from the medial epicondyle to the sublime tuber-
cle of the ulna. These structures are then evaluated in 
short axis by rotating the transducer 90 degrees. Dynamic 
US may be performed to test ligamentous laxity of the 
UCL by applying a valgus stress with the elbow in slight 
flexion [12, 13].

Evaluation of the cubital tunnel should then follow. This 
is performed by turning the elbow outward so the olecranon 
process and the medial epicondyle can be palpated [14].
Placing the transducer in short axis between the medial epi-
condyle and olecranon process should yield the following 
image (Fig.  9). Notice the speckled pattern of the ulnar 
nerve.

2.3  Lateral Elbow

The anatomical structures of interest in the lateral elbow are 
common extensor tendon origin, the lateral collateral liga-
ment complex, and the radial nerve (Fig. 3). The exam is per-
formed by placing the arm in internal rotation and flexion 
(Fig. 10a) [14, 15]. The transducer is placed on the lateral 
elbow in long axis orientation paralleling the forearm. 
Several important bony landmarks are identified including 

a b

Fig. 8 (a) Arm positioning for medial evaluation of the elbow. (b) Corresponding long axis view of the medial elbow. CFM common flexor 
muscle, CFT common flexor tendon, UCL ulnar collateral ligament

Fig. 9 Short axis view of the cubital tunnel. Yellow circle  =  ulnar 
nerve, arrow = posterior bundle of the UCL, E medial epicondyle, O 
olecranon

a

b

Fig. 10 (a) Arm positioning for evaluation of lateral elbow. (b) 
Corresponding US image. CET common extensor tendon, RCL radial 
collateral ligament
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the radial head and lateral epicondyle (Fig. 10b). The com-
mon extensor tendon is seen attached to the lateral epicon-
dyle. Just deep to the common extensor tendon is the radial 
collateral ligament attaching from the lateral epicondyle and 
integrating with the annular ligament to insert on the radial 
neck. The LUCL is the primary stabilizer against varus force. 
Imaging of the LUCL is difficult due to its curvilinear course 
and is best visualized by first locating the RCL and angle the 
transducer posteriorly toward the ulna [14, 16, 17]. Again, 
these structures should be evaluated both in the axial and 
sagittal planes.

The radial nerve is most easily located by first finding the 
superficial (sensory) and deep (motor) branches on the ante-
rior view of the elbow joint [7]. They are situated in between 
the brachioradialis and brachialis muscles (Fig.  11) [14]. 
Then, follow these two nerves more proximally until they 
join to form the radial nerve.

2.4  Posterior Elbow

The triceps brachii muscle and tendon as well as the olecra-
non bursa are evaluated in the posterior elbow. The patient is 
positioned with the elbow flexed to 90 degrees (Fig.  12a) 
[14]. The transducer is placed in sagittal orientation over the 
posterior elbow. Several characteristic bony landmarks 
should be visualized (Fig. 12b). It is important to note that 
the olecranon fossa is normally filled with hyperechoic fat 
pad. This fat pad may be displaced by pathological process 
such as joint fluid, blood, or intra-articular loose bodies [18]. 
The olecranon bursa is located superficial to the triceps ten-
don and olecranon process.

3  Commonly Encountered Pathologies 
of the Elbow

3.1  Distal Bicep Tendon (DBT) Tear or 
Rupture

DBT injuries are typically seen in weight lifters [19, 20]. 
These patients often present with acute anterior elbow pain 
and report a ‘popping’ sensation during the process of lifting 
heavy weights. Physical examination reveals weakness in 
flexion and supination and a focal defect in the antecubital 
fossa [16]. US examination of complete ruptures will dem-
onstrate anechoic or hypoechoic discontinuity at the expected 
insertion of the DBT on the radial tuberosity. Proximal 
retraction of the tendon may also be evident on US. Partial 
thickness tears will demonstrate focal defect of the tendon 
without complete break through.

Fig. 11 Superficial (black open arrow) and deep (red open arrow) 
branches of the radial nerves

a

b

Fig. 12 (a) Arm positioning for evaluation of the posterior elbow.  
(b) Long axis view of the posterior elbow. O olecranon
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3.2  Tennis Elbow (Lateral Epicondylitis) 
(Common Extensor Tendinosis)

Lateral epicondylitis is a misnomer for common extensor 
tendinosis as there is little inflammatory process involved. 
It is a painful condition presenting with pain at the lateral 
side of the elbow joint that increases during gripping, 
squeezing, and resisted wrist flexion. It is a self-limiting 
condition in most patients, with long duration of elbow 
complaints, concomitant neck pain, and severe pain at pre-
sentation are associated with poor outcomes at 12 months 
[21]. While tennis elbow is a clinical diagnosis, US imag-
ing is a noninvasive tool that can be utilized for diagnostic 
confirmation. On US, lateral epicondylitis presents as 
thickened, heterogeneous echotexture of the common 
extensor tendon origin with increased color Doppler flow 
indicative of hyperemia. Intrasubstance calcifications may 
be seen in chronic cases [17, 22].

3.3  Golfers Elbow (Medial Epicondylitis) 
(Common Flexor Tendinosis)

Much like lateral epicondylitis, medial epicondylitis, or 
Golfer’s elbow, is tendinosis of the common flexor tendon as 
a result of chronic and repetitive wrist extension and forearm 
supination [23].This ultimately leads to degeneration of the 
tendon with irreparable fibrosis and calcification [24, 25]. 
US will demonstrate similar imaging appearances to that of 
lateral epicondylitis.

3.4  Ulnar Collateral Ligament Injury

The anterior band of the UCL is commonly injured sec-
ondary to chronic valgus force, as seen in many baseball 
pitchers [23, 26–28]. In the acute setting, these patients 
may report localized pain and a ‘popping’ sensation at the 
medial aspect of their elbow. They will often decrease their 
velocity or modify their pitching mechanism in order to 
compensate for the pain [27, 28]. On physical exam, 
patients will demonstrate significant valgus instability. On 
US, disruption of the UCL with widening of the ulnotroch-
lear joint suggests complete tear [16]. Partial thickness 
tears will demonstrate focal hypoechoic defects. Dynamic 
assessment of the UCL may be performed to evaluate for 
ligamentous laxity.

3.5  Lateral Collateral Ligament Complex 
Injury

The LUCL is the primary lateral stabilizer against varus 
stress. Injury to the LUCL is less common when compared 
with the contralateral UCL and is usually secondary to 
trauma in the setting of elbow dislocations [29]. Patients 
present with pain and swelling over the lateral elbow. 
Physical exam will reveals varus instability. US appearance 
is similar to that of UCL injury.

3.6  Olecranon Bursitis

The olecranon bursa is a fluid filled sac located superficial to 
the olecranon process posteriorly. Of all the elbow bursas, 
the olecranon bursa is the most commonly affected, and is 
usually secondary to repetitive overuse, trauma, or inflam-
mation in the setting of rheumatoid, gout, or calcium pyro-
phosphate deposition disease (CPPD) [30]. Olecranon 
bursitis presents with localized pain, redness, and warmth in 
the posterior elbow region. On US, olecranon bursitis appears 
as increased fluid collection in the olecranon bursa and with 
associated hyperemia. Intra-bursal calcifications from tri-
ceps tendinitis may also be seen.

4  Interventional Procedures

All interventional procedures described below should be per-
formed under sterile technique. The targeted area of injection 
should be carefully cleaned with antiseptic agents. Local 
anesthetic using 1% lidocaine can be used to create the skin 
wheel.

4.1  Needle Fenestration

Percutaneous ultrasound-guided needle fenestration, also 
known as dry needling, has been used with promising results 
in tendinopathy/tendinosis treatment. The technique involves 
repeatedly fenestrating the affected tendon under ultrasound 
guidance, primarily targeting the abnormal tendon to encour-
age localized bleeding and fibroblastic proliferation in order 
to promote ordered collagen formation and ultimately heal-
ing of the tendon [31–33]. The common extensor tendon of 
the elbow is one of the most common tendons treated with 
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ultrasound-guided tendon needle fenestration [31–33]. To 
locate the common extensor tendon, the patient’s arm is 
internally rotated, flexed to 90 degrees, and placed comfort-
ably on a table. The characteristic bony landmark of the lat-
eral epicondyle and overlying common extensor tendon 
should be visualized as described in the aforementioned 
 section. An18G–20G needle can be inserted, in plane with 
the transducer, into the degenerated portions of the common 
extensor tendon [34]. While there are no consensus criteria 
on the number of punctures to be performed, several authors 
have suggested that punctures should be performed for 
approximately 15–20 passes, until the tendon is softened 
[35, 36]. Peritendinous injection of corticosteroids can be 
performed to reduce pain. Potential complications can arise 
from injections of joint and soft tissue, including, local infec-
tion, local reactions at the site (swelling, tenderness, warmth), 
self-limited post-injection pain flare, and tendon rupture. 
Patients are generally instructed to rest for 10–14 days and 
with no NSAID use during this period of time [36].

4.2  Epicondylitis Steroid Injection

Corticosteroid injections can be utilized to treat both medial 
and lateral epicondylitis that have failed conservative treat-
ment. To begin the procedure, the common extensor tendon 
is first localized under ultrasound using the same technique 
in the aforementioned sections. Using sterile precautions, a 
25G needle is inserted similarly as fenestration, and in plane 
with the transducer. Instead of puncturing the tendon as in 
fenestration, the needle target should be the tendon sheath or 
peritendinous soft tissues. A 2 ml combination of 1% lido-
caine and methylprednisolone (40 mg/ml) can be injected. 
Complications are rare with infection being the most com-
mon [37].

4.3  Intra-articular Injection

Intra-articular injection of the elbow can be performed to 
alleviate a variety of conditions including osteoarthritis or 
inflammatory arthropathies such as gout or rheumatoid. The 
patient is positioned with his arm internally rotated and 
flexed to 90 degrees. The arm should be rested on a table 
comfortably. The transducer is placed over the elbow in long 
axis, paralleling the forearm. A similar technique is described 
previously for the evaluation of the lateral elbow. An 18-22G 
1.5in needle can be inserted in plane with the transducer, 
aiming for the articular surface of the radial head [34]. When 
the needle makes contact with the radial head, then it is con-
fidently intra-articular. Then the needle is slightly retracted 
to ensure that the bevel is free from the cartilage. A 1–2 ml 

injectate of methylprednisolone (40 mg/ml) and 2–3 ml of 
lidocaine 1% can be injected [34].

4.4  Olecranon Bursitis

The patient is positioned with the arm flexed at 90 degrees 
and resting on a table. Palpate for the area of greatest fluctu-
ance and suspected bursitis. The transducer can be placed in 
either the long or short axis over the olecranon region 
depending on clinician preference. It is worth noting that the 
bursal fluid may contain heterogeneous debris and appear as 
echogenicities on US. A 16-20G 1in needle is inserted until 
the tip enters the bursa. When the bursa has been completely 
drained, a combination of 1  ml of methylprednisolone 
(40 mg/ml) and 1–2 ml of 1% lidocaine can be injected for 
relief.

5  Conclusion

US is a useful modality in both diagnosing and guiding ther-
apeutic interventions of the elbow. The treating clinician 
should have a fundamental understanding of the normal 
anatomy, US techniques, common pathologies, and basic 
interventional procedures.
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1  Introduction

Ultrasound is a useful modality for the quick diagnosis of 
various hand and wrist pathologies. Given the superficial 
anatomy of the wrist, a high frequency linear probe can eas-
ily identify various wrist disorders, such as ligament tears or 
carpal tunnel syndrome. The wrist is a condyloid type syno-
vial joint formed by the radius and articular disc proximally, 
and the proximal row of carpal bones distally (minus the 
pisiform). The ulna, although it does not articulate with the 
wrist joint, does form connections with the distal radius, as 
well as to the pisiform and triquetrum via the ulnar collateral 
ligament. Numerous additional ligaments and tendons help 
further stabilize the wrist. The following chapter will review 
sonographic wrist anatomy, and when applicable, injection 
techniques to perform with ultrasound guidance.

1.1  Osseous Structures

The wrist is a combination of three joints. It is, from proxi-
mal to distal, comprised of the distal radioulnar joint, radio-
carpal joint, and midcarpal joints (Fig. 1). Of note, the carpal 
bones form the lateral and medial walls, as well as the floor 
of the carpal tunnel. The pisiform is the medial wall proxi-
mally, and the scaphoid is the lateral wall. Distally, the hook 
of hamate is the medial wall, and the tubercle of the trape-
zium is the lateral wall (Fig. 2). Although ultrasound is not 
the best method to evaluate trauma to bone, it is able to pro-
vide significant information on joints. For instance, articular 
cartilage degeneration, joint effusions, and osteophytes are 
all fairly easily seen. Furthermore, bones are important land-

marks to be able to identify when attempting to locate vari-
ous tendons, ligaments, and other soft tissue structures.

1.2  Flexor Compartment

On the anterior aspect of the wrist, the most superficial struc-
ture that will be visible will be the flexor retinaculum, the 
strong fibrous band that overlies the carpal tunnel. The flexor 
retinaculum attaches medially to the hook of hamate and 
pisiform bones, and laterally to the scaphoid and trapezium 
(Fig..3) [1]. Deep to this, there are three tendinous layers 
crossing the wrist. The most superficial layer consists of the 
flexor carpi radialis (FCR), palmaris longus (PL), and flexor 
carpi ulnaris (FCU) tendons. The intermediate layer consists 
of the flexor digitorum superficialis (FDS) tendons, and 
lastly, the deep layer consists of the flexor digitorum profun-
dus (FDP) and flexor pollicis longus (FPL) tendons (Fig. 3) 
[2]. The intermediate and deep tendons course through the 
carpal tunnel along with the median nerve, which will be 
further described in a later section [3].

Again returning to the superficial most layer, the palmaris 
longus, an oft-missing accessory wrist flexor, passes anterior 
to flexor retinaculum and inserts itself into the palmar fascia. 
The FCR tendon, lateral to the PL, proceeds to attach partly 
to the scaphoid, then primarily to the base of the second 
metacarpal [3]. The FCU tendon, medial to the PL, similar to 
the other superficial layer tendons, crosses anterior to the 
flexor retinaculum, and then eventually ensues to attach to 
the hook of hamate and the base of the fifth metacarpal bone. 
Of note, the FCU tendon, along with the PL tendon, are the 
only wrist flexor tendons without any synovial sheath [3]. 
Proceeding to the intermediate layer, the tendons of the FDS 
pass through the carpal tunnel in pairs, with the third and 
fourth digit tendons crossing anteriorly to the second and 
fourth digit tendons [1]. The FDS continues anterior to the 
FDP tendons until the superficialis tendons split and dive 
deep to the FDP, attaching to the middle phalangeal bones. 
The FDP tendons continue and eventually attach themselves 
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to the anterior aspect of the distal phalangeal bones. As the 
FDS and FDP tendons cross the carpal tunnel, a common 
synovial sheath envelops them, whereas the FCR, the other 
tendon traversing the carpal tunnel, has its own separate 
synovial sheath [3].

1.3  Extensor Compartment

On the posterior, or dorsal aspect of the wrist, lie the extensor 
tendons of the wrist and digits. They all pass just deep to the 
extensor retinaculum, a 2 cm wide fibrous band that serves a 
similar purpose as the flexor retinaculum. However, unique 
to the extensor retinaculum is its vertically oriented bands 
that divide the extensor tendons into six compartments, 
labeled from radial to ulnar. Further adding space to these 
compartments are the depressions seen on the dorsal aspect 
of the radius and ulna (Fig.  4). Each compartment houses 
one or more tendons, as well as a common synovial sheath 
for that compartment [3].

The first and most radial dorsal compartment, affected in 
De Quervain’s Tenosynovitis, is composed of the abductor 
pollicis longus (APL) and extensor pollicis brevis (EPB) 

(Fig. 5). Moving medially, the second compartment contains 
the extensor carpi radialis longus and brevis tendons (ECRL, 
ECRB) (Fig. 6). Then, separated from the second compart-
ment by Lister’s tubercle, the third compartment houses the 
extensor pollicis longus (EPL) (Fig. 7). Further medial lays 
the fourth compartment, which is comprised of the extensor 
digitorum (ED) tendons and extensor indices proprius (EIP) 
(Fig. 8). Between the radius and ulnar is the fifth compart-
ment, which contains the extensor digiti quinti proprius 
(EDQ) (Fig.  9). Lastly, the ulnar most compartment (VI), 
holds the extensor carpi ulnaris tendon (ECU) (Fig. 10). One 
method to partially simplify the easily confused compart-
ments is to recall that the tendons of the first three compart-
ments alternate among longus and brevis tendons: APL, 
EPB, ECRL, ECRB, EPL [3].

The tendons of the first and third compartments together 
form the superior and inferior borders of the anatomic 
 snuff- box (Fig. 11). This is of particular interest to delineate 

Fig. 1 Drawing of the wrist, demonstrating the Radius (R) and Ulna 
(U). The proximal carpal row from left to right: Scaphoid (S), Lunate 
(L), Triquetrum (T), and Pisiform (P). The distal carpal row from left to 
right: Trapezium (Tz), Trapezoid (Td), Capitate (C), and Hamate (H). 
The joints of the wrist are the labeled numbers: radioulnar joint (1), 
distal radiocarpal joint (2), midcarpal joints (3), and the carpometacar-
pal joints. Lastly, the straight arrow depicts the scapholunate joint/liga-
ment, the arrowhead depicts the lunotriquetral joint/ligament, and the 
curved arrow depicts the triangular fibrocartilage

Fig. 2 The Scaphoid (Sca) and Pisiform (Pis) make the radial and ulnar 
borders of the proximal carpal row, respectively. The tubercle of the 
Trapezium (Star) and hook of Hamate (asterisk) make up the radial and 
ulnar borders of the distal carpal row, respectively. Attaching these 
structures, and forming the roof of the carpal tunnel, if depicted, would 
be the flexor retinaculum
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a

c

b

Fig. 3 (a) This cross-section demonstrates the radial side of the wrist, 
just proximal to the carpal tunnel. The radial artery (a), runs lateral to 
the flexor carpi radialis (fcr), which is just superior to the flexor pollicis 
longus (fpl). The median nerve (MN/arrowhead) is seen running 
between the fpl and flexor digitorum superficialis (fds). The flexor digi-
torum profundus (fdp) is seen just deep and medial to the median nerve. 
And lastly, the asterisks represent the pronator quadratus, which origi-
nates at the distal radius and inserts into the distal ulna (as seen in 
Fig. 3b). (b) The probe is moved medially to obtain the ulnar half of the 
proximal wrist. The same fds and fdp tendons are visible here, as is the 
insertion of the pronator quadratus on the distal ulna (asterisks). Further 
medial lie the ulnar artery (arrow), ulnar nerve (UN/arrowhead), and 

flexor carpi ulnaris (fcu). (c) This cross-section of the proximal carpal 
tunnel, scanned at the level of the proximal wrist crease, demonstrates 
the contents of the carpal tunnel, as well as the flexor carpi radialis (fcr), 
ulnar artery (a) and corresponding ulnar nerve (curved arrow). The 
scaphoid (sca) and pisiform (pis) form the radial and ulnar boundaries 
of the proximal portion of the carpal tunnel, which can be seen at this 
level. The arrowheads demonstrate the flexor retinaculum, or the “roof” 
of the carpal tunnel. Lastly, the contents of the proximal carpal tunnel 
from superficial to deep include the median nerve (arrow), flexor digi-
torum superficialis tendons (s), flexor pollicis longus tendon (fpl), and 
flexor digitorum profundus tendons

a c

b

Fig. 4 (a) An osseous representation of the grooves that help form the 
six compartments of the dorsal wrist. (b) A simplified diagram showing 
the contents of the six compartments in a cross-sectional view. Note the 
hollow arrow, which represents Lister’s tubercle, which separates the 

second and third compartments. (c) This sonographic image of the dor-
sal aspect of the wrist depicts the dorsal-most compartments. Again 
note the hollow arrow depicting the Lister’s tubercle separating com-
partments two and three
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Fig. 5 First compartment. A short-axis view of the first compartment, 
which is composed of the abductor pollicis longus (APL) and extensor 
pollicis brevis (EPB) tendons. The arrowheads are pointing to the 

extensor retinaculum (the roof of all dorsal compartments). The radial 
artery (RA) runs just lateral to the first compartment

Fig. 6 Second compartment. A short-axis view of the second compartment, which is composed of the extensor carpi radialis longus and brevis 
(ECRL, ECRB) tendons. Again, covered by the extensor retinaculum dorsally (denoted by arrowheads)

Fig. 7 Third compartment. A 
short-axis view of the third 
compartment, which is 
separated from the second 
compartment by Lister’s 
tubercle (Lt). It composed of 
the extensor pollicis longus 
tendon (arrowheads). 
Extensor digitorum tendon 
(EDC) runs medial to the 
EPL, in the fourth 
compartment
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 clinically, due to the fact that at the base of the snuff-box lies 
the scaphoid; tender palpation of this area may indicate 
either a fracture, or in the sub-acute to chronic setting, avas-
cular necrosis of the scaphoid (Fig. 12). To a trained clini-
cian, fractures may even be seen on ultrasound, which can be 
of high yield when examining a patient with pain in the 

snuff- box, but with negative x-rays. Ultrasound has been 
demonstrated to have up to 100% sensitivity to detect scaph-
oid fractures; however, there is variability among the level of 
training and comfort one has with using an ultrasound 
machine [4].

Fig. 8 Fourth compartment. 
A short-axis view of the 
fourth compartment, which is 
composed of the extensor 
indicis proprius and extensor 
digitorum tendons (arrows). 
The EPL, in the third 
compartment, runs medially. 
The extensor digiti quinti 
(arrowhead), in the fifth 
compartment, runs laterally

Fig. 9 Fifth compartment. A short-axis view of the fifth compartment, which is composed of the extensor digitorum tendon (arrow). The extensor 
digitorum tendons (EDC) are seen running medially, in the fourth compartment. The diamonds depict the articular cartilage of the distal ulnar head

Fig. 10 Sixth compartment. 
A short-axis view of the sixth 
compartment, which is 
composed of the extensor 
carpi ulnaris tendon (arrow). 
The extensor retinaculum is 
seen overlying the tendon 
(arrowheads)
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1.4  Nerves

1.4.1  Median Nerve
The median nerve is the most commonly assessed nerve at 
the level of the wrist due to the profoundly common carpal 
tunnel syndrome. Proximal in the forearm, the median nerve 
can be found at the medial border of the cubital fossa; how-
ever, as it is tracked distally, it dives through the pronator 
teres, and courses between the FDS and FDP [5]. As the 
median nerve approaches the wrist, it begins to surface and 
enters the carpal tunnel superficial to the FDS and FPL ten-

dons. At the proximal carpal tunnel (level of the pisiform) 
the median nerve is typically oval shaped, and at the distal 
carpal tunnel (level of the hook of hamate), the median nerve 
has taken a more flattened appearance (Fig. 13). It is impor-
tant to recognize how nerve echogenicity differs from tendon 
echogenicity in order to be able to more easily differentiate 
and identify nerves, particularly when attempting various 
injections that are to be discussed in a later section. Nerves 
are sonographically a combination of hyper and hypoechoic 
structures, thus commonly referred to as a “honeycomb” 
appearance [3].

III

III

II

II

I

Fig. 11 The tendons of the 
first and third compartment (I 
&III) form the boundaries of 
the anatomic snuff box 
(arrow). The extensor pollicis 
longus of the third 
compartment crosses over the 
tendons of the second 
compartment (extensor carpi 
radialis longus and brevis)

a b

Fig. 12 (a, b) Figure (a) on the left demonstrates a scaphoid fracture 
that was not detected on x-ray. Fractures under ultrasound may be sus-
pected when there is cortical irregularity (arrow), as well as overlying 

edema/hematoma formation (asterisks). Figure (b) on the right con-
firms the fracture with CT scan
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Most commonly, when a clinician is performing an ultra-
sound of the wrist, they are assessing for carpal tunnel syn-
drome, which although is a clinical diagnosis, also has 
several key sonographic markers to help make a more accu-
rate diagnosis, as well as determine if a carpal tunnel injec-
tion has been effective. The cross-sectional area (CSA) of the 
median nerve at the level of the proximal carpal tunnel (level 
of the pisiform) has been shown to be suggestive of carpal 
tunnel syndrome when greater than 14cm [2, 6]. Furthermore, 
when the median nerve CSA at the proximal carpal tunnel is 
compared to the distal forearm (level of pronator quadratus), 
the wrist-to-forearm (WFA) ratio is obtained, and a ratio 
greater than 1.6 has been shown to be suggestive of carpal 
tunnel syndrome. These measurements can be of particular 
importance when considering a carpal tunnel steroid injec-
tion or surgical release of the flexor retinaculum. 
Improvements of CSA and WFA after intervention may be 
used to determine efficacy of the procedure [6].

1.4.2  Ulnar Nerve
The ulnar nerve can be injured in the wrist at Guyon’s canal. 
Guyon’s canal is formed by four boundaries, the pisiform 
medially, the hook of hamate laterally, the transverse carpal 
ligament serves as the floor, and the palmar carpal ligament 
serves as the roof (Fig. 14) [3]. The clinical importance of 
Guyon’s canal lies in the anatomy of the ulnar nerve, which 
initially is a mixed motor and sensory serve; however, as it 
enters Guyon’s canal, it sends off its sensory nerve fibers 
superficial to the canal via the dorsal cutaneous branch of 
the ulnar nerve. Thus leaving only motor nerve fibers in 
Guyon’s canal, and thus would theoretically cause motor 

deficits if there is a compression of the ulnar nerve within 
this canal. Furthermore, compression of the ulnar nerve 
through this tunnel is commonly due mass lesions, such as 
ganglion cysts [5].

1.4.3  Radial Nerve
The Radial nerve is a purely sensory nerve at the level of the 
wrist and provides cutaneous innervation to the dorsum of 
the hand. Sonographically, the radial nerve can be found as it 
courses along the anatomic snuff-box, running over the ten-
dons of the first extensor compartment [3].

1.5  Intrinsic Wrist Ligaments

Injury to any ligament of the wrist may result in severe pain; 
however, the following ligaments are more readily visible 
under ultrasound, and pathology can be more easily identi-
fied [1]. The scapholunate ligament plays a pivotal role in the 
stability of the proximal carpal row during wrist motion, pri-
marily maintaining the scaphoid in its correct position [3]. 
Thus, any disruption or tear of this ligament commonly 
results in significant pain and discomfort, and may lead to 
SLAC (scapholunate advanced collapse) [7]. SLAC is a 
degenerative condition that has been described to have four 
stages. Stage one is the initial disruption of the scapholunate 
ligament in addition to mild degeneration of the radioscaph-
oid joint. Stage two involves more involved degeneration of 
the radioscaphoid joint, and stage three now involves degen-
erative changes of the midcarpal joint. Stage four is ulti-
mately pan-radiocarpal osteoarthritis [8]. Furthermore, 
though less described as SLAC, disruption of the lunatotri-
quetral ligament also commonly results in pain, and may 
eventually lead to degeneration of various joints within the 
wrist [1].

Fig. 13 Short-axis view of the median nerve (arrow) at the level of the 
proximal carpal tunnel. Tendons of the flexor digitorum superficialis (s) 
and profundis (p) run within the carpal tunnel with the median nerve. 
The scaphoid (Sca) and pisiform (Pis) form lateral and medial boundar-
ies, respectively. The roof is formed by the flexor retinaculum (arrow-
heads). Lastly, also depicted in this cross-sectional image is the flexor 
carpi radialis (fcr) running outside of the carpal tunnel laterally. As well 
as the ulnar artery (a) and ulnar nerve (curved arrow) medially, again 
outside of the carpal tunnel

Fig. 14 A short-axis view of the ulnar nerve (arrow) and artery (arrow-
head) as it travels through guyon’s canal at the wrist. The flexor reti-
naculum (empty arrowheads) acts as the floor, the pisiform bone acts as 
the medial wall, and the palmar carpal ligament acts as the roof (curved 
arrow)
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In order to best visualize the scapholunate and lunatotri-
quetral ligaments, the wrist must be placed prone, and the 
ultrasound transducer should be placed just distal to Lister’s 
tubercle. The scapholunate ligament in this position is seen 
as a triangular hyperechoic fibrillar structure connecting the 
scaphoid and lunate bones (Fig.  15). If the transducer is 
moved slightly more to the ulnar side of the dorsum of the 
wrist, the lunatotriquetral ligament may be found, connect-
ing the lunate and triquetral bones.

The triangular fibrocartilage complex (TFCC) is a thick 
soft-tissue structure on the ulnar aspect of the wrist that is 
composed of multiple ligaments (articular disc, meniscus 
homologue, ulnocarpal ligament, dorsal & volar radioulnar 
ligament and extensor carpi ulnaris tendon sheathe) [9]. The 
TFCC primarily functions to absorb axial-loads on the wrist, 
increase the stability of the ulnar aspect of the wrist as well 
as the radio-ulnar joint. Clinically, disruptions of the TFCC 
may be suspected when a patient has pain on the ulnar 
aspect of the wrist that is further aggravated with ulnar devi-
ation of the wrist during physical examination [9]. 
Subsequently, when TFCC tears are suspected, ultrasound 
may be used to attempt to visualize the disruption of the 
complex (Fig. 16) [3].

“Gamekeeper’s thumb,” or the disruption of the ulnar col-
lateral ligament (a component of the TFCC described above), 
is commonly seen among skiers when stress is applied to the 
wrist when sustaining a fall while grasping ski poles. Tears of 
the ulnar collateral ligament are easily seen via small high fre-
quency transducers, as in the hockey stick probes (Fig. 16) [5].

1.6  Rheumatoid Arthritis

Recently, with the improvements of ultrasound and the 
advent of power doppler, ultrasound has been found to have 

clinical application in rheumatologic diseases. Power dop-
pler detects slow blood flow, which is apparent in synovial 
inflammation, whether it be due to an infection or other 
inflammatory processes [5]. Furthermore, when used in 
patients with rheumatoid arthritis, for instance, an increase 
in vascularity has been shown to correlate with subclinical 
disease, and thus may aid in the treatment of rheumatoid 
arthritis. A study by Fukae, et al. found that power doppler 
ultrasound (PDUS) may actually be used as a screening 
tool for rheumatoid arthritis, with a sensitivity of 92.3%, 
and specificity of 91.7% [10]. Furthermore, in addition to 
aiding in the diagnosis of rheumatoid arthritis, PDUS has 
also been shown to be effective in demonstrating response 
to treatment [11].

1.7  Carpal Tunnel Injection

As discussed earlier in this chapter, clinically suspected carpal 
tunnel syndrome can be diagnosed using ultrasound. 
Furthermore, it has also been demonstrated that the most 
effective ultrasound guided injection for carpal tunnel syn-
drome is the ulnar in-plane approach at the level of the proxi-
mal carpal tunnel (or proximal wrist crease) [12]. Using the 
pisiform bone as a landmark for the proximal carpal tunnel, a 
high frequency linear transducer is placed in the transverse 
plane (looking at the median nerve in short axis). Furthermore, 
in order to prevent piercing the ulnar artery that lays medial to 
the median nerve, the transducer should be moved out laterally 
enough so the ulnar artery is out of view, thus ensuring when 
the needle is introduced laterally to the ulnar artery [12, 13]. 
Once the needle is introduced, it should be advanced such that 
half of the injectate is introduced below the median nerve, and 
the other half just above, thereby making what is referred to as 
a “target sign.” This hydro-dissection of the median nerve may 
further add to the clinical efficacy of a carpal tunnel steroid 
injection [13]. Table 1 further details studies comparing the 
ulnar in-plane approach to either palpation guided or ulnar 
out-of-plane injection techniques [13, 14].

Fig. 15 A transverse view of the dorsal component of the scapholunate 
ligament (arrows) appearing as a fibrillar triangular structure running 
from the scaphoid (S) to lunate (L). Any irregularities of the fibular 
lines or increased fluid collection may indicate possible scapholunate 
disruption

Fig. 16 A coronal view of the triangular fibrocartilage complex 
(arrowheads), which appears as a homogenously hyperechoic area. 
Note the intact ulnar collateral ligament just superficial to the TFCC
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1.8  De Quervain’s Tenosynovitis Injection

De Quervain’s tenosynovitis, as described earlier, is the 
inflammation of the tendons in the first dorsal compart-
ment of the wrist (EPL and APB). Ultrasound guided 
injections into the first dorsal compartment have been 
demonstrated to be an effective treatment option. A 
common approach is to place the arm in a neutral posi-
tion, with the radial side up, then placing the transducer 
over the first dorsal compartment to obtain a short-axis 
view of the EPL and APB tendons. A dorsal-to-palmar 
injection path is taken, and the injectate is introduced 
into the compartment [15]. However, it is of particular 
interest to be wary of anatomic variations. Commonly, 
the first dorsal compartment may have sub-compart-
ments, meaning the APB and EPL tendons are sepa-
rated. Should this be the case, both compartments 
should be injected (Fig. 17) [16].

Table 1  Summary of ultrasound guided carpal tunnel injection

Study Study design Population
Primary outcome 
measure Results Conclusions

Lee, 
et al. 
[14]

Prospective 
single-blind 
randomized clinical 
trial

N= 44 patients with 
mild to moderate 
CTS confirmed by 
nerve conduction 
study

Boston Carpal 
Tunnel 
Questionnaire 
(BCTQ)

Improved BCTQ and median nerve 
conduction parameters at 4 and 12 
weeks using ultrasound guided 
ulnar in-plane approach compared 
with out-of-plane and blind 
approach (p<0.05)

US-guided local steroid injection 
using an in-plane ulnar approach 
in the CTS may be more 
effective than out-plane or blind 
injection.

Injection of 40mg 
triamcinolone with 
1ml of 1% lidocaine 
using:

Median nerve 
conduction study

Ultrasound guided 
ulnar in-plane 
approach
Ultrasound guided 
ulnar out-of-plane 
approach
Blind approach

Ustun, 
et al. 
[15]

Prospective 
single-blind 
randomized clinical 
trial

N= 46 BCTQ at 6 and 
12 weeks post 
injection

Improved BCTQ in both groups at 
6 and 12 weeks.

Ultrasound guided ulnar-in plane 
carpal tunnel injections provide 
greater and more effective 
symptomatic relief when 
compared to landmark/palpation 
guided injections

Injection of 40mg 
triamcinolone 
using:

Greater improvement at 12 weeks 
in ultrasound group (p<0.05)

Ultrasound guided 
ulnar in-plane 
approach

Quicker onset of symptom relief in 
ultrasound group (p<0.05)

Blind approach

Fig. 17 Transverse view of the first dorsal compartment affected in De 
Quervain’s tenosynovitis. This image depicts the common sub- 
compartmentalization of the first dorsal compartment. If this variation 
is present, and an injection is being considered, the clinician should first 
assess if there are inflammatory changes of either one or both tendons 
in the setting of De Quervain’s tenosynovitis. If only one tendon is 
affected, then that sub-compartment should be injected. If both are 
affected, then both sub-compartments should be injected
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1.9  First Carpometacarpal 
(Trapeziometacarpal) Joint Injection

One of the most commonly affected joints in the hand, the 
first carpometacarpal (CMC) joint, is essential to normal 
thumb function [17]. Degenerative changes to this joint may 
lead to significant, functionally limiting pain. Conservative 
treatment measures typically involve a combination of wrist 
splints (thumb-spica), oral analgesics (i.e. NSAIDs), topical 
analgesics, and occupational therapy [18]. However, when 
these fail and the pain significantly limits daily function and 
use of the hand, a steroid injection may be considered for 
temporary pain relief.

The best way to visualize the first CMC joint is using a 
high frequency linear transducer, or hockey stick probe, 
positioned in the anatomic coronal plane over the first meta-
carpal. The transducer may then be gradually moved proxi-
mally until the joint is clearly identified [19]. Once visualized, 
osteoarthritis of the first CMC joint may be indentified sono-
graphically when cortical irregularities, joint effusion, osteo-
phyte formation, and/or articular space narrowing is seen 
(Fig. 18) [20]. With the ultrasound transducer properly posi-
tioned to best view the first CMC joint, a dorsal-to-palmar 
out of plane approach may then be used to introduce the 
needle into the joint space. For more severely degenerative 
joints, the thumb may be positioned in more adduction to 
further gap the joint [19].

1.10  Tendon Sheath Injection  
(Trigger Finger)

Chronic repetitive hand use commonly leads to inflammation 
of the A1 pulley and tendon swelling, and in turn resulting in 

constant triggering of the involved finger during flexion [21]. 
Trigger finger affects roughly 2 percent of the general popu-
lation, and most commonly found in women, and in the fifth 
or sixth decade of life [22]. Prevalence is significantly greater 
in patients with diabetes mellitus and rheumatoid arthritis, as 
well as various other systemic illnesses [22]. Similar to the 
previously aforementioned diseases, trigger finger has been 
shown to respond well to steroid injections.

In order to perform this injection, the tendon sheath is 
best visualized in short axis, and the flexor digitorum super-
ficialis and profundus tendons are seen lying on top of one 
another. Once visualized, a needle is then introduced out of 
plane aiming for the tendon sheath, and the injectate solution 
is introduced. Caution must be taken to not introduce the 
needle directly into the tendon (Fig. 19).
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Ultrasound Guided Brachial  
Plexus Block
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1  Anatomy

The brachial plexus is formed from the ventral rami of C4/5–
T1 [1–3]. These nerve roots travel through the over the first 
rib into the axilla. Descending distally, the nerve roots 
become trunks, divisions, cords, and eventually the terminal 
peripheral nerve branches [4].
 1. Trunks: The three trunks, superior (C5–C6), middle 

(C7), and inferior (C8, T1), emerge between the anterior 
and middle scalene muscles and lie on the floor of the 
posterior triangle of the neck [5]. The borders of the tri-
angle are the posterior border of sternocleidomastoideus 
anteriorly, anterior border of trapezius posteriorly, and 
the middle third of the clavicle at the base. It is important 
to note that the subclavian artery also traverses the trian-
gle. Several peripheral nerves take off before the divi-
sions are formed, important ones include suprascapular 
nerve (C5–6), long thoracic nerve (C5–7), dorsal scapular 
nerve (C5), and nerve to subclavius (C5–6).

 2. Divisions: As the plexus traverses posteriorly to mid 
clavicle, each trunk divides to form an anterior and poste-
rior division. There are six divisions in total. Generally 
speaking, anterior divisions supply muscles of anterior 
compartments (flexors) and the posterior divisions supply 
muscles of the posterior compartments (extensors).

 3. Cords: The six divisions then become three cords named 
in relation to the second part of the axillary artery [5]. 

The lateral cord is formed from the upper two anterior 
divisions at the lateral border of the first rib, the lower 
anterior division continues as the medial cord, and the 
posterior cord is comprised of the three posterior divi-
sions. The prevertebral fascia of the neck ensheathes the 
axillary artery and cords. Local anesthetic is injected 
through this fascial layer when performing the brachial 
plexus block at this level.

 4. Peripheral nerves: Distally, the cords become peripheral 
nerve branches of the brachial plexus [5]. Branches from 
the lateral cord include: lateral pectoral nerve (C5–C7), 
musculocutaneous nerve (C5–C7), lateral root of the 
median nerve (C5–C7). Branches from the medial cord 
are: medial pectoral nerve (C8, T1), medial cutaneous 
nerve of the arm (C8, T1), medial cutaneous nerve of the 
forearm (C8, T1), medial root of the median nerve (C8, 
T1), ulnar nerve (C8, T1). Branches from the posterior 
cord are: upper subscapular nerve (C5, C6), thoracodor-
sal nerve (C6–C8), lower subscapular nerve (C5, C6), 
radial nerve (C5–T1), axillary nerve (C5, C6) [5].

When performing peripheral nerve blocks, it is important 
to assess the patient’s existing neurologic status, especially 
the upper extremity to be blocked prior to the procedure. The 
five main branches of the brachial plexus are: musculocuta-
neous nerve, axillary nerve, median nerve, radial nerve, and 
ulnar nerve [5].
 1. The musculocutaneous nerve provides motor innervation 

to coracobrachialis, biceps, and brachialis. Strength can 
be tested with elbow flexion, humeral adduction, and 
flexion at the glenohumeral joint. The musculocutaneous 
nerve also provides cutaneous sensation to the lateral 
forearm [6], see Fig. 1.

 2. The axillary nerve innervates the deltoid and teres 
minor muscles [7]. These muscles can be tested with 
shoulder abduction, and lateral rotation of the arm 
respectively. The nerve also provides sensation to the 
lateral shoulder. The median nerve innervates the 
flexor tendons of the wrist [8]. This includes flexor 
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carpi radialis, flexor carpi ulnaris, flexor digitorum 
superficialis, lateral half of flexor digitorum profun-
dus, palmaris longus, flexor pollicis longus, pronator 
quadratus, pronator teres, opponens pollicis, abductor 
pollicis brevis, flexor pollicis brevis, and the first and 
second lumbricals [8]. Strength can be checked with 
wrist flexion, pronation of the forearm, abduction of 

the thumb, and flexion of the thumb at the first meta-
carpal joint, see Fig. 1.

 3. The median nerve provides sensation to the thenar emi-
nence as well as the first three digits anteriorly. Posteriorly, 
the median nerve innervates the second and third digit 
distal to the first proximal interphalangeal joint [8]. The 
fourth digit has dual innervation from median and ulnar 
nerve, see Fig. 1.

 4. The radial nerve innervates the posterior compartment of 
the arm and forearm [9].These muscles include the tri-
ceps, anconeus, brachioradialis, extensor carpi radialis 
longus, extensor carpi radialis brevis, supinator, extensor 
digitorum, extensor digitorum minimi, extensor carpi 
ulnaris, extensor carpi radialis brevis, extensor carpi radi-
alis longus, abductor pollicis longus, extensor pollicis 
brevis, extensor pollicis longus, extensor indicis. This can 
be tested by elbow and wrist extension. The radial nerve 
also provides sensation to the lateral part of the back of 
the hand as well as the webbed skin between thumb and 
index finger. It also provides sensory innervation to the 
posterior arm, elbow, and forearm [9], see Fig. 1.

 5. The ulnar nerve innervates flexor carpi ulnaris and the 
medial half of flexor digitorum profundus [10]. Distally, 
the radial nerve also supplies palmaris brevis, abductor 
digiti minimi, flexor digiti minimi, opponens digiti min-
imi, third and fourth lumbricals, palmar and dorsal inter-
ossei muscles, adductor pollicis. The ulnar nerve can be 
tested abducting and adducting the digits. The ulnar nerve 
provides cutaneous innervation to both anterior and pos-
terior medial one and a half fingers as well as the hypo-
thenar eminence [10], see Fig. 1.

Although axons from multiple nerve roots go on to 
become peripheral nerves as the brachial plexus evolves, der-
matomes representing a sensory distribution of a single spi-
nal nerve can still be mapped out. In particular, there are 
certain characteristic points that always fall within each der-
matome. For example, the C5 nerve root distribution is on 
the lateral side of the antecubital fossa proximal to the elbow 
[11]. C6 is the dorsal surface of the proximal phalanx of the 
thumb. C7 is the dorsal surface of the proximal phalanx of 
the middle finger. C8 dorsal surface of the proximal phalanx 
of the little finger and T1 is on the medial side of the antecu-
bital fossa [11].

2  History

Brachial plexus blockade started with parathesia technique 
basing on anatomy/body surface landmark, followed by via 
nerve stimulator. Prior to the adoption of ultrasound, the suc-
cess rate of brachial plexus blockade has been variable 
among different medical practitioners. The first documented 
ultrasound usage in regional anesthesia started with brachial 
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Fig. 1 Brachial plexus innervation of the upper extremity: Osteotome 
(a), myotome (b) and dermatome (c). (Original production with the 
help of Garrett Sendlewski)
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plexus. In 1978 P. La Grange published the first case-series 
of Doppler ultrasound application for brachial plexus through 
supraclavicular approach and via visualization of subclavian 
Artery [12]. In 1989 P. Ting and V. Sivagnanaratnam demon-
strated the anatomy of the axilla and observed the spread of 
local anesthetics during axillary brachial plexus block with 
B-mode ultrasonography [13]. By 1994 Steven Kapral and 
colleagues have systemically explored whole brachial plexus 
blockade using B-mode ultrasound [14]. In current anesthe-
sia practice ultrasound guided brachial plexus blockade is 
increasingly being utilized for perioperative pain control as 
well as surgical anesthesia.

3  Indications

Brachial plexus blocks are indicated for any upper extremity 
procedures, including but not limited to shoulder, arm, 
elbow, wrist, hand procedures, see Table 1 below.

4  Absolute/Relative Contraindications

 1. Patient refusal
 2. Local or systemic infection
 3. Hemodynamic instability
 4. Existing neuropathy in the surgical limb
 5. Coagulopathy
 6. Allergy to local anesthetics
 7. The need for neurological exam perioperatively (block 

can be delayed until satisfactory assessments)
 8. Concerns for compartment syndrome

5  Techniques

5.1  Distal Upper Extremity Blocks

Indicated for upper extremity procedures distal to the mid- 
humerus, commonly encountered are elbow, wrist and hand 
procedures. Approaches to brachial plexus blockade includes 
supraclavicular, infraclavicular and axillary brachial plexus 
blockade [15].

5.2  Supraclavicular Block

The supraclavicular block is a versatile block, also known 
as the spinal anesthesia for upper extremity. This block tra-
ditionally is performed at the divisions when the brachial 
plexus has the smallest surface area, it can also be per-
formed at the level of the distal trunks/the origin of the 
divisions, commonly referred to as the high supraclavicu-
lar block. The three trunks and six divisions carry sensory 
and motor innervation for the upper extremity aside from 

Table 1 Common upper extremity procedures and options of brachial 
plexus techniques

Common 
surgical 
procedures Choice of PNBs

Potential 
adverse 
events Clinical pearls

Clavicle Interscalene 
brachial plexus 
block

Phrenic 
palsy

Addition of cervical 
plexus block is beneficial

Shoulder Interscalene 
brachial plexus 
block

Phrenic 
palsy

Addition of Intercostal- 
brachial block or PEC II 
is beneficial if bicepts 
tenodesis or rotator cuff 
repair when an axillary 
incision (T1–T2) is 
involved

Proximal 
Humerus

Interscalene 
brachial plexus 
block

Phrenic 
palsy

Distal 
Humerus

Supraclavicular 
or infraclavicular 
or axillary 
brachial plexus 
block

Elbow Supraclavicular 
or infraclavicular 
or axillary 
brachial plexus 
block

Addition of Intercostal- 
brachial block or PEC II 
is beneficial when medial 
elbow is involved 
(T1–T2); if the surgeon 
needs neurological exam 
intraoperatively or 
postoperatively, block can 
be performed 
postoperatively after a 
satisfactory assessment of 
ulnar nerve, or place a 
catheter preoperatively 
without local anesthetics 
until a neurological exam 
is satisfactory.

Common 
surgical 
procedures Choice of PNBs

Potential 
adverse 
events Clinical pearls

Radius/
ulna

Supraclavicular 
or infraclavicular 
or axillary 
brachial plexus 
block

Wrist Supraclavicular 
or infraclavicular 
or axillary 
brachial plexus 
block

Hand Supraclavicular 
or infraclavicular 
or axillary 
brachial plexus 
block

PNB peripheral nerve block, PEC II pectoralis block II

Table 1 (continued)
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the medial side of the arm which is supplied by T1/T2. 
This block results in anesthesia and analgesia of C5–T1. 
With this type of block, it is important to know the position 
of the pleura to reduce the risk of pneumothorax. The apex 
of the pleura is contained within the concavity of the first 
rib. It is also helpful to understand the lateral insertion of 
the sternocleidomastoid muscle on the medial third of the 
clavicle can be used as a landmark for the location of the 
first rib and the edge of the pleura.

To perform the block, the patient is placed in a semi- 
supine position with the head up at approximately 30° and 
turned to the contralateral side. Slight elevation of the head is 
preferred as this allows for increased venous drainage from 
the head, reducing vein engorgement in the neck. Once the 
field has been disinfected and sterility achieved, the ultra-
sound transducer is placed along the superior edge of the 
clavicle in line with the length of the bone. Place the linear 
probe along the clavicle as lateral as possible and then scan 
medially; the first artery encountered is the subclavian artery. 
The brachial plexus in the supraclavicular fossa sits lateral to 
the artery and superficial to the first rib (a bright/echogenic 
bone line with a shadow below) and the pleural (bright/echo-
genic line that moves with respiration, so called shimmering 
sign), see Fig.  2. The first needle path should be directed 
toward the “corner pocket” (i.e., the junction of the first rib 
and the subclavian artery, where divisions from the C8 and 
T1 are located). After a successful injection at the corner 
pocket, local anesthetics should lift the brachial plexus up 
from the first rib. The second injection can be given on top of 
the plexus.

A failed brachial plexus block via supraclavicular 
approach is commonly associated with ulnar nerve-sparing, 
which is nearly always due to the “corner pocket” failure 
when divisions from C8/T1 are not properly blocked. This 
can be prevented by the injection of local anesthetic above 
the first rib and lateral to the subclavian artery as stated 
above. Potential adverse events from this block include 
pneumothorax, hemothorax, Horner’s syndrome, and dia-
phragmatic paralysis. Risk of pneumothorax in the supra-
clavicular block is high with the blind technique in the past 
but has been significantly decreased with ultrasound guid-
ance [1].

5.3  Infraclavicular Brachial Plexus Block

The infraclavicular block is performed at the level of the 
three cords, lateral cord, posterior cord and medial cord. The 
three cords carry sensory and motor innervation for the upper 
extremity aside from the medial side of the arm which is sup-
plied by T1/T2. This block results in anesthesia and analge-
sia of C5–T1. With this type of block, it is important to know 
the position of axillary artery and vein as the three cords sur-
round the axillary artery and the medial cord is located 
between the axillary artery and vein. On the other hand, pleu-
ral is far from the brachial plexus at this point, therefore 
pneumothorax is much less of a concern as compared to 
supraclavicular approach of the brachial plexus blockade.

To perform the block, the patient is placed in a semi- 
supine position, arm abducted at 90°, with the head up at 
approximately 30° and turned to the contralateral side. Once 
the field has been disinfected and sterility achieved, the ultra-
sound transducer is placed along the deltopectoral groove, 
the indentation in the muscular structure between the deltoid 
muscle and pectoralis major. The needle trajectory will be in 
a medial to lateral and cephalad to caudad direction to mini-
mize the risks of pneumothorax, see Fig.  2. Deposition of 
local anesthetics around each cord provides the fastest onset 
of blockade effects. This block is the best location for bra-
chial plexus catheter placement for distal upper extremity 
procedures as the pectoralis minor and major muscles help to 
secure the catheter in place. On the other hand, these muscles 
also make the brachial plexus in a deeper location and there-
fore this block technically speaking more challenging block 
as compared to other brachial plexus blockade techniques.

Potential adverse events from this block include vascular 
puncture, failed block, but less risk of diaphragmatic paraly-
sis as compared to interscalene or supraclavicular blocks.

5.4  Axillary Brachial Plexus Block

The name comes from the approach of the brachial plexus 
block, therefore should be distinguished from the axillary 
nerve block, which targets the peripheral nerve that branches 
off the posterior cord proximally.

Fig. 2 Ultrasonographic presentations of brachial plexus. Panel (a) 
shows patient and probe positioning for interscalene block. Panel (b) 
shows positioning for supraclavicular block. Panel (c) is a sonographic 
image that corresponds to panels (a) and (d) corresponds to panel (b). 
SCM: sternocleidomastoid muscle, ASM: anterior scalene muscle, 
MSM: middle scalene muscle. The yellow arrows depict brachial 
plexus, the red arrow depicts subclavian artery, and the white arrow 
points towards the first rib, the orange arrow points at the pleural. Panel 
(e) shows patient and probe positioning for infraclavicular block while 
panel (f) shows positioning for axillary brachial plexus block. Panel (g) 

is a sonographic image that corresponds to panels (e) and (h) corre-
sponds to panel (f). The red arrow points towards axillary artery. In 
panel (g), the cephalad most yellow arrow points towards the lateral 
cord while the inferior arrow points towards posterior cord. The caudal 
arrow points towards medial cord. In panel (h), the most medial arrow 
points at ulnar nerve while the inferior arrow points towards radial 
nerve. The superior arrow points at medial nerve. The lateral arrow 
points at musculocutaneous nerve. PMa: pectoralis major, PMI: pecto-
ralis minor, CoBM: coracobrachialis muscle
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The main anatomical points of interest at this level of the 
brachial plexus are the median, ulnar, and radial nerves, as 
the axillary, musculocutaneous, and medial brachial cutane-
ous nerves have branched off the brachial plexus. Axillary 
brachial plexus block (when including the musculocutane-
ous nerve, which needs to be blocked separately) provides 
analgesia from the mid-arm down to the hand, making it an 
alternative approach to the supraclavicular or infraclavicular 
block for elbow, forearm, wrist, and hand surgery.

The musculocutaneous nerve is readily visualized and 
reliably anesthetized by a separate injection using ultrasound 
guidance, see Fig. 2. When required, the medial skin of the 
upper arm (T1/T2) can be blocked by an additional subcuta-
neous injection just distal to the axilla (intercostobrachial 
nerve), via ultrasound guided intercostal T2 nerve block, or 
through ultrasound guided Pectoral nerve block II (PEC II).

To perform the axillary brachial plexu block under ultra-
sound guidance, first position the patient supine, abduct the 
arm to 90° resting comfortably on a table, and rotate the head 
to the contralateral side. Using the short axis view of the lin-
ear transducer, the axillary artery, median, ulnar, and radial 
nerves can be identified. The axillary artery can be identified 
medially on the proximal arm. One or more axillary veins 
can be identified medially to the artery when avoiding exces-
sive pressure with an ultrasound transducer. Further  scanning 
laterally and cephalad will localize the musculocutaneous 
nerve, see Fig. 2.

When compared with interscalene and supraclavicular 
blocks, there may be lower risk of complications ie spinal 
cord and vertebral artery puncture (interscalene) or pneumo-
thorax (supraclavicular). On the other hand, local anesthetic 
systemic toxicity seems to be more associated with this 
approach than others. The axillary brachial plexus block are 
typically utilized in clinical scenarios where access to the 
upper portions of the brachial plexus is limited (for example 
in patients with extensive ipsilateral neck dissection, head/
neck radiation therapy due to head/neck cancer, morbid obe-
sity). Under these circumstances, the brachial plexus block-
ade can be achieved with administering local anesthetic 
around the axillary artery. Multiple injections are usually 
required to reliably anesthetize the entire arm distal to the 
elbow. The radial branch of the brachial plexus is identified 
posterior and lateral or medial to the artery. The ulnar branch 
of the nerve is located superficial and lateral to the artery. 
The median branch is located superficially and laterally to 
the artery. These localizations can vary and the definitive 
nerve localization can be assisted with nerve stimulation 
techniques, though it is not absolutely necessary for the suc-
cess of the block. The biceps (anterior and superficial), the 
coracobrachialis (anterior and deep) and the conjoined ten-
don of the teres major and latissimus dorsi (medial and pos-
terior) surround the neurovascular bundle. The 
musculocutaneous nerve is located between the biceps and 

coracobrachialis muscles, but can also be located in either 
muscle, see Fig. 2.

The axilla is highly vascularized, small veins can be 
injured during needle placement resulting in an increased 
risk for uptake of local anesthetic and therefore local anes-
thetic systemic toxicity [1]. Catheter placement is not opti-
mal with increased risk for infection and catheter 
dislodgement.

5.5  Proximal Upper Extremity Block

Indicated for any upper extremity procedure proximal to the 
mid-humerus, commonly encountered are the shoulder and 
proximal humerus procedures. Commonly utilized approach 
is interscalene brachial plexus block [15].

5.6  Interscalene Block

The interscalene block is indicated for shoulder and proxi-
mal humerus surgery. This is a block of the brachial plexus at 
the nerve roots/trunks level. This block is not recommended 
for hand surgery due to potential sparing of the inferior trunk 
and inadequate blockade of C8 and T1 nerve roots.

To perform the block, the patient is laid semi-supine with 
head up and turned contralaterally to the side of the block. 
Once the field has been disinfected and sterility achieved, the 
ultrasound transducer is placed in a transverse plane at the 
level of the cricoid cartilage (C6). After identifying the 
carotid artery, the probe is moved laterally to bring the ante-
rior and middle scalene muscles into view. Between these 
structures is the brachial plexus. Alternatively, another tech-
nique to achieve interscalene view is to start from supracla-
vicular view and move probe upwards to achieve the classic 
traffic light sign of the three nerve roots between two mus-
cles, anterior scalene muscle medially and middle scalene 
muscle laterally, see Fig.  2. After an adequate picture is 
obtained, a skin wheal is created with local anesthetic, after 
which the needle can be advanced in-plane and laterally to 
medially. A “pop” may be heard as the needle pierces through 
prevertebral fascia. Once the needle is adjacent to but not in 
the plexus, aspirate to ensure the needle is not in a blood ves-
sel. Local anesthetic can then be injected lateral to the nerve 
roots and medial to the middle scalene muscle to complete 
the block. A known adverse event of this block is Horner’s 
syndrome which is the sympathectomy caused by blocking 
the sympathetic chain. This results in ipsilateral miosis, pto-
sis, and anhydrosis. This is self-resolved and should be men-
tioned to patients or family member during consenting 
process.

Interscalene block is associated with ones the highest 
risks of nerve injury in all peripheral nerve blocks with or 
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without ultrasound guidance, including injury to dorsal scap-
ular nerve, long thoracic nerve [16], and long term postop-
erative plexopathy [17]. Efforts should be made to avoid 
performing this block under general anesthesia and there is 
no need to inject into or between the nerve roots.

Summary of the commonly utilized brachial plexus 
blockade are listed in Table 2 below.

6  Conclusions

Brachial plexus is formed by C4–T1 and provides innerva-
tion to the upper extremity. Its location is relatively superfi-
cial and its blockade can mostly be achieved quickly and 
effectively by a liner probe using B-mode ultrasound. Various 
approaches of brachial plexus blockade offer clinicians the 
options of difference blocks serving different purpose, such 
as hand-sparing brachial plexus block for shoulder proce-
dures using interscalene blocks, phrenic nerve sparing block 
in patients with severe pulmonary comorbidities by using 
axillary brachial plexus blocks. Brachial plexus blockade 
can be used alone by providing complete analgesia to the 
surgical upper extremity or as a complement to general anes-
thesia. An effective block helps with early recovery after sur-
gery, opioid reduction, better pain control, PACU turn over 
as well as patient satisfaction [18].

For procedures proximal to mid-humerus, traditionally 
interscalene brachial plexus block is the choice of technique 
for efficacy. The inherent association of interscalene block 
with transit or persistent ipsilateral hemi-diaphragmatic 
paralysis should be put into consideration not necessarily in 

the healthy patients but definitely for those with existing 
respiratory conditions [19]. The search for alternative phrenic 
sparing blocks has never ceased. Alternative approaches of 
brachial plexus block such as the supraclavicular brachial 
plexus block [20], as well as upper trunk approach of inter-
scalene block have been described with [21] or without [16] 
the addition of supraclavicular nerve from cervical plexus. 
Much attention has been focused on two peripheral nerve, 
the suprascapular nerve and axillary nerve. The suprascapu-
lar nerve block alone [19, 20], suprascapular block in con-
junction with axillary nerve block [22], suprascapular block 
in combination with supraclavicular brachial plexus block 
[23], suprascapular block in combination with infraclavicu-
lar brachial plexus block [24], have all been investigated. It 
has also been shown that lateral pectoral nerve and subscapu-
lar nerve [25, 26] are also involved in shoulder pain. As of 
now, the effectiveness of these alternative blocks as com-
pared to the gold standard interscalene brachial plexus block 
is evolving and the results are more mixed than definitive 
[27, 28], likely due to the complexed anatomy of glenohu-
meral joint innervation [25, 26].
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 Introduction

The hip, one of the most mobile joints, is amongst the most 
commonly injured regions in the human body. Furthermore, 
the hip is large and composed of numerous soft tissue and 
neurovascular structures, of which a large portion may be 
viewed with ultrasound imaging. The following will review 
the anatomy of the hip as seen with ultrasound, as well as 
review both diagnostic and interventional application of 
ultrasound with regard to the hip.

1  Anterior Hip Anatomy

The “hip” is a ball-and-socket synovial joint: the ball is the 
femoral head, and the socket is the acetabulum. The hip joint 
is the articulation of the pelvis with the femur, which con-
nects the axial skeleton with the lower extremity. A smooth 
cushion of shiny white articular cartilage about 1/4 inch 
thick covers the femoral head and the acetabulum. Large 
ligaments, tendons, and muscles around the hip joint hold the 
bones (ball and socket) in place and keep it from dislocating. 
In order to help identify the structures of the anterior hip, this 
region may be divided into two layers, superficial and deep. 
The superficial layer consists of the Sartorius and Tensor 
Fascia Lata muscles, which originate from the anterior and 
lateral aspects of the anterior superior iliac spine, respec-
tively (Fig. 1) [1]. Subsequently, the deep layer from lateral 
to medial is composed of the rectus femoris, iliopsoas, and 
pectineus muscles (Fig. 1). The rectus femoris, which is part 
of the quadriceps femoris muscle group, originates predomi-
nantly from the anterior inferior iliac spine; however, it also 

has originating fibers from the superior acetabular ridge and 
anterior capsule of the hip joint [1]. The iliopsoas muscle 
originates from two separate muscle bellies, the psoas mus-
cle from the T12 to L5 vertebrae, and the iliacus, which pri-
marily originates from the iliac fossa and iliac crest. These 
two muscles come together to form the iliopsoas as they pass 
through the anterior hip, and continue to travel and insert as 
a common tendon into the lesser trochanter of the femur [2]. 
The pectineus, which is part of the adductor muscle group, is 
seen in the anterior compartment under ultrasound, just deep 
to the femoral artery and vein, forming the floor of the femo-
ral triangle [2]. Lastly, the neurovascular structures in the 
anterior hip are closely related to the iliopsoas muscle. The 
femoral nerve and lateral femoral cutaneous nerves run 
anteromedially and anterolaterally, respectively, to the ilio-
psoas as it courses beneath the inguinal ligament [2]. The 
femoral artery and vein, in turn, run medial to the iliopsoas 
muscle, just superficial to the pectineus muscle [2].

2  Anterior Hip Pathology

2.1  Hip Osteoarthritis Injection

Although ultrasound is not the best modality to diagnose 
osteoarthritis of the hip, it is an effective means to the treat-
ment of such when it has been diagnosed. The ultrasound 
probe, commonly a low frequency curvilinear transducer, is 
placed in an oblique plane on the anterior hip parallel with 
the femoral neck. In this view, the anterior synovial recess, 
which is the inferior extension of the anterior joint capsule 
seen at the femoral head-neck junction (Fig.  2a) [3]. This 
synovial space is commonly widened in the setting of a joint 
effusion, which is commonly seen in the setting of osteoar-
thritis. In a normal hip joint, there is commonly less than 
2 mm of fluid in this synovial space [4]. Furthermore, once 
this space is identified, the anterior acetabular labrum can be 
visualized as a triangular hyperechoic structure. Once the 
joint space is identified, the transducer should be rotated to 
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the transverse plane and moved medially to identify the 
 neurovascular bundle in order to ensure that these are avoided 
during the injection procedure. Once the neurovascular bun-
dle has been identified, the transducer should then be rotated 
to the oblique view to again identify the joint space [4]. At 
this point, a needle can be safely inserted, in-plane or out-of 
plane to the target area, typically the head and neck junction 
of the femur. (Fig. 2b).

2.2  Snapping Hip Syndrome Diagnosis

Snapping hip syndrome is divided into two different etiolo-
gies, intra-articular or extra-articular. Intra-articular snap-
ping hip syndrome is commonly due to labral tears, loose 

bodies, ligamentum teres tears, or even joint instability [5]. 
Extra-articular causes of snapping hip syndrome; however, 
can be further divided into two different categories: external 
or internal. External, the most common form of snapping hip 
syndrome, is attributed to the snapping of the posterior aspect 
of the iliotibial band or anterior aspect of the gluteus maxi-
mus tendon over the greater trochanter [5]. Internal is pri-
marily due to snapping of the iliopsoas tendon over the 
iliopectineal eminence, or less commonly, the femoral head 
or lesser trochanter (Fig. 3). The snapping of the iliopsoas 
tendon over the iliopectineal eminence may be seen under 
dynamic ultrasound [5]. In order to perform dynamic ultra-
sound of snapping hip syndrome, the transducer should be 
placed transversely at the level of the ilium and the patient is 
then asked to flex, abduct, and externally rotate the hip [5].

a b c

Fig. 1 (a) Transverse view of the anterior region of the hip just infe-
rior to the anterior inferior iliac spine. Superficially, the Sartorius (St) 
is clearly visible. Slightly deeper, from lateral to medial, the rectus 
femorus (RF), Iliopsoas muscle (IPs), Femoral nerve (FN), and 
Femoral artery (FA), and Pectineus are seen. Deep structures including 
the anterior hip capsule (arrowhead), and the iliopsoas tendon (arrow) 
are visible, with the acetabulum (Ac) seen just medial to the femoral 

head (FH). (b) Longitudinal view of the anterior hip, again demon-
strating the iliopsoas muscle (IPs) along with its deeper tendon 
(arrows). Just deep to the iliopsoas tendon, the anterior portion of the 
hip joint may be seen (diamonds), formed by the acetabulum (Ac) and 
femoral head (FH). (c) In order to get a view of the tensor fascia lata 
(Tfl) while in longitudinal plane, the transducer may be moved to the 
lateral portion of the anterior hip

a b

Fig. 2 (a) Transverse oblique view of the anterior hip at the level of the 
femoral head-neck junction (FH, FN) best demonstrates the anterior 
recess of the hip joint. This figure demonstrates an active joint effusion 
(arrowheads). This is the location where a needle may be introduced to 
perform an intra-articular hip injection under ultrasound. Superficial to 

the joint space lies the iliopsoas (IPs), rectus femoris (RF), and sartorius 
(Sa) muscles. (b) Transverse oblique view of the anterior hip at the level 
of the femoral head-neck junction. Here a needle can be introduced out 
of plane at the head-neck junction. As the solution is injected, it can be 
seen migrating throughout the joint capsule
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2.3  Iliopsoas Tendinopathy/Bursitis 
Diagnosis and Injection

The psoas and iliacus muscles originate from the lumbar 
spine (transverse processes of T12 -L5) and pelvis (superior 
anterior iliac crest), which continue down the anterior hip 
merging into a single common tendon and inserting onto the 
lesser trochanter of the femur [6]. The iliopsoas muscle 
passes anterior to the pelvic brim and hip capsule in a groove 
between the anterior inferior iliac spine laterally and iliopec-
tineal eminence medially. The musculotendinous junction is 
consistently found at the level of this groove. The iliopsoas 
bursa lies between the musculotendinous junction and the 
pelvic brim [7]. Overuse injury may occur in activities 
involving repeated hip flexion or external rotation of the 
thigh. Motions that call for repeated trunk flexion with hip 
flexion create a continuous shortening of the iliopsoas, which 
can exacerbate iliopsoas tendinopathy [8]. Younger athletes 
who engage in dynamic movements (jumpers, hurdlers) 
including forceful hip flexion are at higher risk. Reports of 
an audible snap or click in the hip or groin commonly are 
reported and associated with internal snapping hip syndrome 
as discussed earlier [9]. Repeated “snapping” can cause ten-
dinopathy, and bursitis. Treatments options include physical 
therapy (stretching of hip flexors), acetaminophen and 
NSAIDs. Differential diagnosis includes hip OA, osteone-
crosis of the femur and lumbosacral radiculopathy.

For an injection of the iliopsoas tendon, the patient is 
positioned in supine and the transducer is placed in a trans-
verse oblique angle, parallel to the inguinal ligament, and 
superior to the femoral head, over the iliopectineal eminence 
(similar to viewing snapping hip syndrome). The bursa is at 
the interface between the bone and the tendon. The femoral 
neurovascular bundle, which lies medial to the femoral head, 
should be identified before proceeding with injection. Then, 
utilizing an in-plane approach from lateral to medial, a nee-
dle is advanced to the deep lateral region of the iliopsoas 

tendon, either between the tendon and iliopectineal ridge, or 
tendon and acetabular rim (Fig. 4) [4].

2.4  Rectus Femoris Tear Diagnosis

The rectus femoris is the most commonly injured anterior 
thigh muscle; however, is much more prevalent at the distal 
attachment or within the central aponeurosis in the muscle 
belly, rather than proximally at the level of the hip [10]. 
These injuries, though, are most commonly seen among ath-
letes, primarily soccer players. Proximal rectus tears, both 
partial or complete are readily visible with a high frequency 
transducer in both axial and longitudinal planes, beginning at 
the level of the anterior inferior iliac spine, and slowly mov-
ing inferiorly, medially and laterally (Fig. 5) [10].

3  Medial Hip Anatomy

The medial hip, from a musculoskeletal viewpoint, is not as 
complex or involved as the other parts of the hip. The medial 
hip is comprised of the adductor muscle group, and from 

a b

Fig. 3 Iliopsoas tendon at the level of the iliopectineal line. (a) Arrowhead pointing to the normal, hyperechoic psoas tendon. (b) The illiacus is 
the muscle that surrounds the psoas tendon at this level. They will fuse into the Iliopsoas tendon and insert at the lesser tubercle

Fig. 4 Iliopsoas tendon in short axis. The triangle points to the hyper-
echoic tendon. The white line demonstrates the needle trajectory
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deep to superficial lie the adductor magnus (laterally) and 
gracilis (medially), followed by the adductor brevis and 
adductor longus muscles (Fig. 6) [1].

4  Medial Hip Pathology

4.1  Adductor Tear

Adductor tears are not commonly encountered in the general 
population, and are typically more associated with athletes 
(soccer) after an injury with hip hyper-abduction [11]. The 
adductor longus and gracilis muscles are the most commonly 
affected adductor muscles [12]. When presented with a 
patient with acute groin pain and an adductor tear is sus-
pected, ultrasound may be used to visualize possible pathol-
ogy. Partial tears may be evident by irregularities among the 
tendon fibers, with areas of hypoechogenicity. However, full 
tears of the adductor longus or gracilis would demonstrate 
complete separation of the tendon from the pubis, with an 
area of hypoechogenicity between the pubis and torn tendon, 
representing hematoma formation (Fig. 7) [1].

5  Lateral Hip Anatomy

The lateral hip is a commonly seen injury in the general popu-
lation. This area of the hip may be divided into a superficial 
and deep component. The anterior portion of the gluteus maxi-
mus and tensor fascia lata form the superficial group, and both 
of these muscles insert themselves into the iliotibial band, 
which continues down the lateral thigh and inserts into the 
lateral tibia [2]. The gluteus medius and minimus comprise the 
deeper component of the lateral hip (with the gluteus minimus 
lying just deep to the gluteus medius). Both of these muscles 
continue to across the hip and insert into the greater trochanter, 
thereby functioning as strong hip abductors (Fig. 8).

Fig. 5 Long axis view of the rectus femoris at its insertion point at the 
level of the anterior inferior iliac spine. The intact iliacus and Sartorius 
(Sa) are seen overlying the origin of the rectus femoris (arrowhead), 
which is retracted due to a tear. The hypoechoic area (asterisk) repre-
sents a hematoma formed due to the tear

Fig. 6 Long-axis view of the medial hip. Superficially, the adductor 
longus muscle belly’s (Al) tendons (arrows) converge proximally at 
pubis, the proximal attachment of the adductor longus. The adductor 
brevis (Ab), just deep to the adductor longus may be better differenti-
ated via the intermuscular fascia (arrowheads). Again obviously distinct 
from the adductor brevis due to the intermuscular fascia, the adductor 
magnus (Am) lies deepest of all the adductor muscles

Fig. 7 Long-axis view of the medial hip demonstrating a combined 
tear of the adductor longus (white arrows), and the deeper adductor 
brevis muscle (empty arrows) at its insertion at the pubis (P). The areas 
of hypoechogenecity demonstrate hematomas due to the adjacent tears
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6  Lateral Hip Pathology

6.1  Greater Trochanteric Pain Syndrome

Lateral hip pain is commonly simplified and diagnosed as 
trochanteric bursitis; however, this is a common misdiagno-
sis. Rather, the majority of lateral hip pain, or greater tro-
chanteric pain syndrome, is due to tendinopathy of the 
gluteus medius, gluteus minimus, or tensor fascia lata, and 
only a minority of patients have inflammation of the greater 
trochanteric bursa [13]. Ultrasound may further help in the 
accurate diagnosis of underlying cause of greater trochan-
teric pain syndrome, which is essentially a catch-all diagno-
sis of lateral hip pain around the greater trochanter. A 
retrospective study by Long, et  al. reviewed sonographic 
images of 877 patients diagnosed with greater trochanteric 
pain, and of the 877 only 20% had trochanteric bursitis, 
whereas 49.9% had gluteus tendinopathy and 28.5% had 
iliotibial thickening [13].

Sonographic examination of the lateral hip for greater tro-
chanteric pain syndrome should begin by placing a high fre-
quency linear transducer transversely over the greater 
trochanter. In this field, the insertion of the gluteus medius 
tendon on the lateral facet of the greater trochanter, and glu-
teus minimus tendon on the anterior facet of the greater tro-
chanter are seen (Fig. 8). Between the gluteus maximus and 
gluteus medius tendon is the greater trochanteric bursa. Once 
visualized, an in-plane technique may be used to guide a 
needle into this bursa and deliver the desired injectate 
(Fig. 9).

7  Posterior Hip Anatomy

Finally, the posterior hip, which is also divided into deep and 
superficial component, with the gluteus maximus forming 
the superficial layer [2]. The deep layer, from superior to 
inferior, is comprised of the piriformis, superior gemellus, 
obturator internus, inferior gemellus, and quadratus femorus. 
All of these muscles continue laterally and typically insert to 
the trochanteric fossa, the region between the greater and 
lesser trochanters [1]. Inferomedial to these muscles is the 
origin of the long head of the biceps femoris and semitendi-
nosus at the lateral border of the ischial tuberosity. 
Furthermore, the semimembranosus muscle originates from 
the inferior border of the ischial tuberosity (Fig. 10) [1].

8  Posterior Hip Pathology

8.1  Hamstrings Tendinopathy/Ischial 
Bursitis

The proximal attachment of the hamstrings tendons are com-
monly affected and inflamed with repetitive micro trauma or 
with acute trauma in situations with forced extension of the 
leg against resistance (commonly encountered in basketball 
or soccer) [14]. When proximal hamstring tendinopathy is 
suspected, the proximal attachment point may appear swol-
len and hypoechoic, and may also be associated with inflam-
mation of the ischial bursa, or ischial bursitis (Fig. 11) [1]. 
Furthermore, while the hamstrings are collectively com-

Fig. 8 Ultrasound appearance of a normal greater trochanter with (A) 
anterior facet where (GMn) gluteus minimus attaches, (L) lateral facet 
where gluteus medius attaches, and (P) posterior facet where (GMx) 
gluteus maximus overlies. The white line depicts the superior border of 
the gluteus medius tendon and the target of the greater trochanter bursa 
injection. Needle fenestration can be performed into the tendon in areas 
of pathology

Fig. 9 Short-axis view of the gluteus medius tendon (GMT) at its 
attachment point on the lateral facet of the greater trochanter (Troch). 
The hyperechoic needle is seen here advancing into the trochanteric 
bursa between the gluteus maximus and medius, distending the bursa as 
the injectate is injected
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prised of the biceps femoris (short and long heads), semiten-
dinosus, and semimembranosus, the latter is less commonly 
affected [1]. Overall, given that the proximal hamstrings lie 
deep to a significant amount of soft tissue, clear visulization 
and accurate diagnosis can be challenging at times. Injection 
to treat hamstring tendinopathy may be performed by identi-
fying the pathologic tendon(s) on ultrasound and injecting 
into the plane above them near the pathological site, avoiding 
direct injection into the tendon itself.
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Fig. 10 Short-axis view of the posterior hip at the level of the ischial 
tuberosity (IT). The hamstring tendons at this level are indistinguish-
able, and are referred to here as the ischiocrural muscles (ICRs). The 
gluteus maximus is seen overlying the ischiocrural muscles, and the 
sciatic nerve (arrows) is running just deep to the gluteus maximus

Fig. 11 Longitudinal view of the hamstrings (arrowheads) origin at the 
ischial tuberosity (Ischium). The area of edema and hypoechogenicity 
(empty arrows) represents local inflammation, or tendinopathy of the 
proximal hamstring muscles.
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 Introduction

Ranging from common degenerative processes such as 
osteoarthritis, to traumatic injuries such as ligament or ten-
don tears, the knee is amongst the most commonly damaged 
joints in both the young and elderly. Sonographic evaluation 
has proven to be a meaningful tool for the quick and accu-
rate diagnosis of various knee pathologies. The knee is a 
hinge type synovial joint formed by the femur proximally, 
the tibia distally, and the patella superficially. The fibula, 
though does not articulate with the knee joint, does form 
connections with the femur via ligamentous structures later-
ally. A smooth cushion of shiny white articular cartilage 
about 1/4 inch thick covers the distal femur and proximal 
tibia. Large intra- and extra-articular ligaments, as well as 
surrounding muscles and tendons help stabilize the knee. 
The following will review sonographic knee anatomy, and 
when applicable, injection techniques to perform with ultra-
sound guidance.

1  Anterior Knee Anatomy

In order to reduce the amount of anisotropy, the anterior 
aspect of the knee is best viewed when placed in 20–30° of 
flexion, which can be obtained by placing a pillow under the 
knee [1]. By placing a high frequency linear ultrasound 
probe in a longitudinal plane just superior to the patella, the 
quadriceps tendon is seen superficially. Just deep to this lies 
the suprapatellar synovial recess and the suprapatellar fat 

pad (Fig. 1) [2]. As the probe is moved past the patella infe-
riorly, the patellar tendon can be seen superficially, inserting 
itself to the tibial tuberosity (Fig. 2) [3]. When evaluating the 
suprapatellar and infrapatellar bursae, it is important to real-
ize that a small amount of pressure may displace the fluid 
and yield an unremarkable appearance.
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Fig. 1 Longitudinal view of the quadriceps tendon (arrows/Qt) at its 
insertion at the patella (P). This is best viewed with the knee partially 
flexed in order to make the quadriceps tendon taut and to minimize 
anisotropy. Just deep to the quadriceps tendon, the suprapatellar fat pad 
(Spf) can be seen, with the femur (Fem) seen as the deepest structure

Fig. 2 Longitudinal view of the patellar tendon (white arrowheads) with 
the knee in slight flexion. Hoffa’s fat pad (Hfp) is seen deep to the patellar 
tendon. The femoral articular cartilage can partially be seen in the image; 
however, a better view for the demonstration of the femoral articular carti-
lage for evaluation of knee osteoarthritis will be reviewed in a later image
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2  Anterior Knee Pathology

2.1  Knee Osteoarthritis

Knee osteoarthritis is an extremely common disorder, and can 
be quite debilitating [4]. Correlating the history and physical 
examination with radiographic findings commonly makes 
diagnosis; however, ultrasound has also been demonstrated to 
be a useful tool to help demonstrate osteoarthritic changes of 
the knee joint [5]. In order to evaluate for knee osteoarthritis 
(OA) via ultrasound, the knee should be placed in about 90° of 
flexion and the transducer is placed in a transverse plane just 
superior to the patella (Fig. 3a,b) [2]. In this view, the femoral 
articular cartilage is seen as a thin hypoechoic layer. Knee 
osteoarthritis can accurately be diagnosed with ultrasound if 
there is thinning of articular cartilage, increased echogenicity, 
or irregularities of the osseous surface [6]. Furthermore, if knee 
pain is suspected to be due to underlying knee osteoarthritis, an 
intra-articular injection with steroid, hyaluronic acid, and/or 
regenerative techniques including platelet rich plasma and stem 
cells have been demonstrated to provide varying levels of pain 
relief [7]. In order to perform an intra-articular knee injection 
under ultrasound, the knee should again be placed in mild flex-
ion (20–30°) and the transducer is placed longitudinally over 
the distal quadriceps tendon. In cases of symptomatic knee OA, 
a knee effusion commonly ensues, which may be seen in the 
view described above in the suprapatellar synovial recess. 
Once the suprapatellar synovial recess is identified, the trans-
ducer may then be rotated to a transverse plane. With an in-
plane approach in a  lateral to medial direction, the needle is 
introduced into the suprapatellar synovial recess (Fig.  4). If 
there is a significant knee effusion, aspiration may be done 
prior to injecting the selected solution.

In situations where physical therapy, steroid injections, vis-
cosupplementation, and even perhaps platelet rich plasma or 
stem cell injections have failed, and the patient wishes to fur-
ther avoid a total knee replacement, another option exists with 
a genicular nerve block. The genicular nerves (superior- medial, 
inferior-medial, and superior-lateral) are the main innervating 
branches to the knee joint, and have been successfully blocked 

with local anesthetic and subsequent radiofrequency ablation 
under fluoroscopic guidance. Multiple studies; however, have 
demonstrated that the same procedure can be done with accu-
racy and safety using ultrasound guidance [8]. To identify the 
genicular nerves three basic landmarks may be utilized to place 
the ultrasound transducer, as described by Sarı, et al. in 2016. 
For the inferior-medial genicular nerve, the landmark is the 
medial border of the tibia, 1–1.5 cm from the lower medial bor-
der of the patella. The superior-medial genicular may be identi-
fied over the distal medial femur, 1–1.5  cm from the upper 
medial border of the patella. Lastly, the superior-lateral genicu-
lar nerve may be identified over the distal lateral femur, 
1–1.5 cm from the upper lateral border of the patella (Fig. 5a,b) 
[9]. Over these respective landmarks, the Doppler function of 

a b

Fig. 3 (a,b) Evaluation for knee osteoarthritis. (a) With the knee in at 
least 90° of flexion, a high frequency linear transducer is placed just 
proximal to the patella. Here, the articular surface (arrowheads) of the 
femoral trochlea and its articular cartilage (asterisk) are visible in a 
healthy knee. The quadriceps tendon (Qt) and distal vastus medialis 

(Vm) may be seen superficially in this view. (b) In knee osteoarthritis, 
the layer of cartilage (arrow) may be thin or absent (arrowhead), and 
cortical disruption and/or bone spurs may be seen on the distal femur as 
hyperechoic irregularities

Fig. 4 With the knee fully extended or in slight flexion, a high frequency 
linear transducer placed over the distal quadriceps tendon in a longitudinal 
view, which demonstrates a knee effusion at the suprapatellar synovial 
recess. This space is continuous with the knee joint. When this is seen, the 
transducer may be rotated 90° to get a short-axis view of the lateral portion 
of the suprapatellar synovial recess (star). A needle can then be introduced 
using an in-plane approach to aspirate the effusion. Using this same tech-
nique, an intra-articular knee injection may be performed. This image shows 
this procedure done using a gel bridge (GB), which is commonly used for 
injections on curved or small surfaces, in order to improve the field of view
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the ultrasound can be utilized to identify the genicular arteries, 
which are commonly found adjacent to the genicular nerves. 
Thus, once the nerve next to the artery is identified the needle 
for a block or electrode for radiofrequency ablation may be 
introduced with an in-plane technique under ultrasound and 
advanced to the genicular nerves [9].

2.2  Patellar Tendinopathy

Patellar tendinitis is an extremely common condition 
among jumping athletes, with some studies suggesting a 
prevalence of up to 45% in volleyball players and 32% in 
basketball players [10]. Patients commonly present with 
infrapatellar knee pain after activity; In severe cases the 
pain may be present at rest, and may be reproduced by pal-
pation during physical examination [11]. Ultrasound evalu-
ation of patellar tendinopathy may demonstrate an array of 
findings, ranging from a focal area of hypoechogenicity 
representing focal edema and inflammation, to diffuse ten-
don thickening and heteroechogenicity suggesting diffuse 
tendinopathy (Fig. 6) [12].

2.3  ACL Tear

The anterior cruciate ligament (ACL) is one of the most 
common injured ligament among athletes, and in the acute 
setting a patient typically presents with significant knee pain 
and edema following a “pop” sound. Once the initial edema 
has improved, instability and laxity of the knee is common 
with complete tears, and may be seen on physical examina-
tion either with lachman’s maneuver or the anterior drawer 
test [13]. Furthermore, a recent study by Mahajan, et al. in 
2015 demonstrated that patients with ACL tears had a signifi-
cantly smaller ACL diameter at its insertion site on the tibia 
in contralateral limb, thereby suggesting that patient’s with 
smaller ACLs may be prone to tears [13].

In order to evaluate for an ACL tear via ultrasound, the knee 
must be placed in full flexion with a high frequency linear probe 
placed longitudinally just distal to the patella. In this view, the 
distal ACL at its insertion on the tibia can be appreciated (Fig. 7). 
Ultimately though, ultrasound can only demonstrate the distal 
end of the ACL with accuracy, therefore MRI continues to 
remain the gold standard for the diagnosis of ACL injuries. 
However, a cadaver study by Smith, et  al. demonstrated that 
ultrasound guided ACL injections are feasible and can be per-
formed with accuracy, which may be useful in future studies 
researching the effectiveness of various regenerative proce-
dures, such as stem cell and platelet rich plasma injections [14].

3  Posterior Knee Anatomy

In order to optimally assess the posterior knee, the patient is 
placed prone with the knee fully extended. Once positioned 
properly, it is best to start at the mid-calf with the transducer 
oriented in a transverse plane. At this level, the two heads of 
the gastrocnemius muscle can be identified, and the transducer 
is then moved to the medial aspect of the medial head of the 

a b

Fig. 5 (a) Pictorial depiction of the locations of the three targeted 
genicular nerves for a genicular nerve block/radiofrequency ablation. It 
is important to note that to the genicular artery, an easy to identify land-
mark under ultrasound, the genicular nerve is commonly located adja-

cent. (b) Ultrasound view of an inferomedial genicular nerve block 
using an in- plane technique. The genicular nerve is visible as a round 
hyperechoic structure (arrow). This same technique can be used for a 
genicular nerve radiofrequency ablation

Fig. 6 Longitudinal view of an inflamed patellar tendon. Just near its 
proximal attachment at the patella (P), the patellar tendon is seen swol-
len (arrows), representing focal edema and inflammation of the patellar 
tendon. (Hfp- Hoffa’s fat pad)
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gastrocnemius. Subsequently, the transducer is then moved 
superiorly until the semimembranosis tendon is visible just 
lateral to the gastrocnemius [2]. Between these two muscles, if 
present, a baker’s cyst can be seen [2]. Another key structure 
to identify posteriorly is the posterior cruciate ligament (PCL). 
The intermediate and distal portions of the PCL are be viewed 
by having the patient lay prone and the transducer placed in a 
sagittal oblique position over the middle of the popliteal fossa. 
The PCL is then seen deep to a triangular fat pad, as a linear 
hypoechoic cord-like structure (Fig. 8) [3].

4  Posterior Knee Pathology

4.1  Baker’s Cyst

A Baker’s cyst is a common finding among the general popu-
lation, with some studies estimating a prevalence of up to 
5%, and even higher in the elderly [15]. Furthermore, in 
patients with knee pain, a prevalence of up to 25.8% has been 
suggested [16]. Since a Baker’s cyst communicates with the 
joint space, they are commonly associated with intra- articular 
pathology such as meniscal injuries and osteoarthritis [17]. 
Ultrasound-guided aspiration and injection with corticoste-
roid has been shown to provide significant resolution of 
symptoms [18]. This procedure can be performed with the 
same setup described earlier, with the patient lying prone 
with the ultrasound transducer over the medial head of the 
gastrocnemius and semimembranosus tendon (Fig. 9).

5  Medial Knee Anatomy

When examining the medial aspect of the knee, a high fre-
quency linear transducer is placed longitudinally over the 
medial aspect of the knee joint, which can be palpated prior 
to placing the ultrasound probe. The first and most easily vis-
ible structure is the medial collateral ligament (MCL) 
(Fig.  10). The MCL appears as a thin hyperechoic linear 
structure, with superficial and deep layers. The deep layer is 
composed of the meniscofemoral and meniscotibial liga-
ment, and is separated from the superficial layer by a thin 
hypoechoic line. Once the MCL is identified, the transducer 
should then be moved anteriorly in order to visualize the 
anterior horn of the medial meniscus [3]. If visualization of 
the medial meniscus, a valgus stress may be applied to the 
knee in order to increase the medial joint space. About 
5-6 cm distal to the joint line, on the anteromedial aspect of 
the tibia is the attachment of the Sartorius, Gracilis, and 
Semitendinosus muscles via a common tendon [3].Fig. 8 Posterior view of the knee with a linear high frequency trans-

ducer. The medial head of the gastrocnemius (MHG) is seen superfi-
cially followed by a fat pad (arrows). The deepest structure seen is the 
intermediate and distal segments of the PCL (arrowheads) and its 
attachment to the tibia (asterisk). (Star- femur)

Fig. 9 Longitudinal view of the base and body of a Baker’s cyst (aster-
isks) seen separated by the tendon (arrowheads) of the medial head of 
the gastrocnemius (MHG). Once Baker’s cyst is identified, a needle can 
be inserted under ultrasound guidance for aspiration

Fig. 7 With the knee fully flexed, the distal/tibial attachment of the 
ACL can be seen (arrows, curved arrow). From superficial to deep, the 
patellar tendon (arrowheads) is seen first just distal to the patella (P) 
followed by Hoffa’s fat pad (Hfp) between the patellar tendon and 
ACL. Although the distal ACL can be visualized with some confidence, 
it remains difficult to view the entirety of the ACL, and thus ultrasound 
is not the modality of choice for the diagnosis of ACL tears. (T- Tibia)
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6  Medial Knee Pathology

6.1  Medial Collateral Ligament Sprain

MCL sprains are extremely common injuries among athletes, 
particular in contact sports such a football and soccer. The 
MCL is typically injured when a valgus stress is applied to a 
mildly flexed knee with a firmly planted foot [18]. MCL 
sprains are graded from 1 to 3, with 1 being a stretch and no 
residual ligament laxity, 2 indicating a partial ligament tear 
and increased laxity, and 3 indicating a complete tear with sig-
nificant laxity (Fig. 11) [19]. MCL sprains can ben seen on 
ultrasound as irregular hypoechoic areas within the ligament.

6.2  Pes Anserine Bursitis

Pes anserine bursitis is the inflammation of the bursa deep to the 
conjoined tendon of the Sartorius, Gracilis, and Semitendinosus 
muscles. Patients commonly have a history of obesity, knee 
osteoarthritis, or genu valgus, and present with pain along the 

medial aspect of the knee that may also be associated with 
edema [20]. As described earlier, placing the ultrasound trans-
ducer 5–6 cm distal to the medial joint line on the anteromedial 
aspect of the tibia, the pes anserine bursa can be readily visual-
ized (Fig. 12). Once visualized, the bursa can be aspirated and 
subsequently injected with corticosteroid, which has been dem-
onstrated to provide significant and immediate pain relief in 
patients with symptomatic pes anserine bursitis [21].

6.3  Medial Meniscus Tear

Medial meniscus injuries are common among the general 
population, and even more so among athletes. The medial 
meniscus is typically injured with aggressive pivoting or 
turns, which forcefully twist the knee [22]. This is commonly 
seen in soccer, football, or basketball. In order to identify the 
medial meniscus, as described earlier, the ultrasound probe 
should be placed along the medial aspect of the knee, over 

Fig. 10 Longitudinal view of the medial knee using a high frequency 
linear probe. A superficial fascia is seen overlying the entire medial 
knee is visualized (curved arrow). Just deep to this, the superficial layer 
of the MCL (arrows). The deep layer of the MCL is comprised of two 
parts, the meniscofemoral (white arrowhead) and menisctibial (black 
arrowhead), which are connected to the meniscus and fasten it to the 
femur (Fem) and tibia (Tib). This close relationship of the medial 
meniscus and MCL is why MCL injuries are commonly associated with 
medial meniscus injuries

Fig. 11 Longitudinal view of the medial knee using a high frequency 
linear probe. The superficial layer of the MCL is seen disrupted and 
torn with associated local edema (arrow). The deep layer (arrowheads) 
associated with the meniscus (asterisk) remains intact. When the deep 

layer of the MCL is damaged, further evaluation of the medial meniscus 
should also be performed since an injury to one is commonly associated 
with an injury to the other

Fig. 12 Longitudinal view of the pes anserine complex near the distal 
attachment of the MCL (white arrowhead) using a high frequency linear 
probe. The pes anserine bursa is seen here distended (arrows), which accen-
tuates its separation of the pes anserine tendons (empty arrowheads)
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the MCL longitudinally, then moved slightly anterior and 
posterior to see the anterior and posterior horns of the medial 
meniscus, respectively (Fig.  13). Recently, a study by 
Alizadeh, et al. in 2012 showed that ultrasound could accu-
rately diagnose a medial meniscus injury with similar sensi-
tivity and specificity as MRI, particularly in the patients less 
than 30 years old [23]. Though many practitioners have been 
performing platelet rich plasma or stem cell injections to 
medial (and lateral) meniscus injuries, there have been no 
randomized clinical trials researching the effectiveness or 
efficacy of these regenerative medicine techniques.

7  Lateral Knee

The key structures to evaluate at the lateral knee include the 
lateral collateral ligament, lateral meniscus, and the distal 
iliotibial (IT) band at its insertion at Gerdy’s tubercle. To 

begin, the patient may either lay lateral recumbent or prone 
with the leg internally rotated. In this position, a high fre-
quency linear transducer should then be placed on the ante-
rior to middle two thirds of the lateral aspect of the knee in 
long-axis [3]. The distal IT band can be ususally visualized; 
if there is difficulty in finding the IT band, palpation can aid 
to locate it as it courses over the lateral thigh and knee. When 
the diagnosis of IT band syndrome is in question, compres-
sion with the ultrasound probe will commonly illicit pain, 
thereby aiding in its diagnosis [3].

The lateral collateral ligament (LCL) starts at the lateral 
femoral condyle and inserts in to the fibular head. It appears as 
a thin (3–4 mm) cord-like fibrillar structure under ultrasound 
best visualized in long-axis (Fig. 14) [24]. The transducer can 
then be rotated 90° to obtain a transverse view and further 
observe for ligamentous pathology. Just deep to the LCL the 
proximal portion of the popliteal muscle can be seen, as well 
as the body and anterior horn of the lateral meniscus (Fig. 14) 
[2]. Lastly, the common peroneal nerve can also be seen, eas-
ier in the transverse plane, traversing over the fibular head and 
around the fibular neck (Fig. 15) [3].

8  Lateral Knee Pathology

8.1  Lateral Collateral Ligament Sprain

Lateral collateral ligament (LCL) sprains and tears are much 
less common than medial collateral ligament sprains due to 
the structure of the LCL [25]. However, when a partial or 
complete tear is suspected, more commonly in contact sports 
such as soccer or football, they can be visualized as a disrup-
tion of the fibrillations and hypoechoic, indicating a tear and 
local edema [3]. This appears sonographically similar to a 
MCL injury.

Fig. 13 Longitudinal view of the medial knee using a high frequency 
linear probe. An intact MCL is seen superficially (black arrowheads). 
However, just deep to this, a linear tear of the medial meniscus is seen 
as a linear hypoechoic area (arrows)

Fig. 14 Longitudinal view of the lateral knee using a high frequency 
linear transducer. Superficially, the lateral collateral ligament is easily 
seen (empty arrowheads). If the probe is moved slightly inferior, its 
distal attachment can be seen on the fibula. Furthermore, the origin of 

the popliteus tendon (black arrow) is seen on the lateral femur (white 
arrowheads). Lastly, similar to the medial meniscus, the lateral menis-
cus is seen as a triangular shaped structure (asterisk)
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8.2  Lateral Meniscus Tear

Lateral meniscal tears, similar to other intra-articular soft tis-
sue derangements typically encountered in athletes; how-
ever, is less commonly seen than medial meniscus injuries. A 
recent study by Sladjan, et al. demonstrated that ultrasound 
can accurately diagnose a chronic lateral meniscus tear, with 
sensitivities and specificities of 85% and 90%, resepectively 
[26]. Although platelet rich plasma and stem cell injections 
can be and are performed for lateral meniscus tears, there are 

currently no randomized clinical trials completed to confirm 
their efficacy and support their use. Sonographically, lateral 
meniscus tears appear similarly to medial meniscus injuries.

8.3  Common Peroneal Nerve Entrapment

The common peroneal nerve at the fibular head is a common 
area for entrapment neuropathy due to both its superficial loca-
tion thereby making it easily compressible by body positioning, 
and due to the course it takes through a tight restricted space 
between bone and fascia [3]. These patients may present with 
paresthesias described in the distribution of the peroneal nerve 
initially, or weakness with dorsiflexion (foot drop) later in the 
disease course [27]. Ultrasound may help with diagnosis, etiol-
ogy, and treatment of common peroneal nerve entrapment.

Nerve compression may be due to a ganglion cyst, which 
is one of the leading causes of peroneal nerve compression 
[3]. These cysts may be either intra- or extraneural, meaning 
located within or outside the nerve, respectively. They appear 
as hypoechoic cystic structures on ultrasound (Fig.  16a). 
Once identified, these ganglion cysts can be aspirated, using 
ultrasound for needle guidance. Lastly, when peroneal nerve 
entrapment with foot drop is suspected, ultrasound of mus-
cles innervated by the peroneal nerve (i.e. tibialis anterior) 
may appear hyperechoic due to muscle atrophy and fatty 
infiltration (Fig. 16b) [3].

Fig. 15 Placing a high frequency linear transducer over the fibular 
head (FH), the common peroneal nerve is visible coursing superficial to 
it (arrow). (Black arrowheads- fascia layer covering the common pero-
neal nerve)

a b

Fig. 16 (a) When peroneal nerve entrapment is suspected near the 
fibular head, a high frequency linear transducer can be placed just over 
it to identify any potential pathology. An extraneural ganglion cyst is 
seen here compressing the common peroneal nerve just deep to it 

(arrow). (b) Furthermore, another clue to a peroneal nerve neuropathy 
is the fatty atrophy (sonographically seen as hyperechoic changes) of 
distally innervated muscles of the peroneal nerve, such as the tibialis 
anterior (Ta)
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Ankle Sonoanatomy  
and US Guided Joint Blocks

Soo Yeon Kim, Chaiyaporn Kulsakdinun, and Jung H. Kim

1  Introduction

The ankle joint is one of the most frequently injured joints in 
the lower extremity. Point of care ultrasound(US) examina-
tion has become increasingly popular in the assessment of 
abnormalities of tendons, ligaments, nerves and joints. It is 
clinically useful as most structures are superficial and well 
visualized with US. In this chapter, we will focus on com-
monly injured structures in the ankle (Fig. 1).

2  Ankle Sonoanatomy

2.1  Anterior Ankle

US examination of anterior ankle is performed with the patient 
in a supine position with the knee slightly flexed and foot flat on 
the table. The primary structures in anterior ankle are anterior 
ankle joint, tibialis anterior (TA), extensor hallucis longus(EHL), 
extensor digitorum longus,(EDL) and deep peroneal nerve 
(Table 1). The probe is placed in the sagittal plane with the foot 
in plantar flexion (Fig. 2). The anterior fat pad lies anterior to the 
tibiotalar joint. It is important to scan medial to lateral to exam-
ine the entire talar dome. In the case of an ankle joint effusion, 
the anterior fat pad gets displaced superiorly. Up to 3 mm of 
joint fluid is physiologic and is commonly seen [1].

Most of the anterior structures (Table 1) are easily iden-
tified in the transverse plane (Fig.  3). Most medially, 
the large oval shaped TA tendon can be found with its typi-
cal hyperechoic and fibrillar pattern. Tendons should be 
examined in full length from the myotendinous junction to 
its insertion at first cuneiform. The most common location 
of the tibialis anterior tendon tears is within 3.5 cm of the 
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Table 1 Anterior ankle evaluation checklist

Anterior tibiotalar joint
Tibials anterior tendon
Extensor hallucis tendon
Extensor digitorum tendon
Deep peroneal nerve

Tibia

Talus

Navicular

Medial Cuneiform

Fibula

Cuboid

Calcaneus

Lateral
Cuneiform

Intermediate
Cuneiform

Fig. 1 Ankle joint bony anatomy
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insertion point [2]. Lateral to the TA tendon, the EHL and 
the EDL can be visualized. Proximally, the EDL looks like 
a single flattened tendon which eventually divides into 4 
individual tendons for the second to fifth toes. Each tendon 
can be evaluated in long and short-axis views. The tibials 
anterior artery and deep peroneal nerve are seen just deep 
to the EHL and the EDL tendons, on the surface of Tibia.

2.2  Medial Ankle

For this evaluation, a “frog leg” position is preferred. A pil-
low is placed below the lateral ankle with slight pronation 
can be helpful. The structures that need to be evaluated in 
the medial ankle are listed in Table  2. In the axial plane 
(Fig. 4), all contents of tarsal tunnel can be easily identi-

fied. The tibialis posterior (TP) tendon lies in a shallow 
bony groove in the posterior aspect of the medial malleolus. 
The TP tendon can be followed down to its navicular inser-
tion. The TP tendon is the most commonly injured tendon 
in the medial ankle. Up to 4 mm of fluid is considered phys-
iologic [1]. A longitudinal split tear is also commonly seen 
near the medial malleolus. Posteriorly, the flexor digitorum 
longus (FDL), tibial neurovascular bundle, and flexor hal-
luxis longus (FHL) can be visualized under the flexor reti-
naculum in this order from anterior to posterior. The entire 
course of tibial nerve and its medial calcaneal, medial and 
lateral plantar branches can be examined (Figs. 4 and 5). It 
is important to note that the medial calcaneal nerve or the 
first branch of lateral plantar nerve (FBLPN) entrapment 
can mimic more common conditions such as plantar fasci-
itis [3, 4].

2.3  Lateral Ankle

For lateral ankle evaluation (Table  3), the patient may be 
placed in lateral decubitus position. Posterior to the lateral 
malleolus is the retromalleolar groove, which contains pero-

Table 2 Medial ankle evaluation checklist

Tibialis posterior
Flexor digitorum longus
Tibial nerve and its branches
Flexor hallucis longus

TH

TD
Tib

*
*

Fig. 2 Tibiotalar joint (Arrow). Sagittal imaging over the ankle joint 
shows hyperechoic anterior fat pad (∗), tibia(Tib), talar head (TH)

TA

EHL
EDL

av

TIB

TIB

Fig. 3 Ankle US Transverse Plane: Tibials Anterior (TA), extensor hal-
luces longus (EHL), tibia (TIB), dorsalis pedis artery (a), posterior tib-
ial vein (v), deep peroneal nerve (arrow)

TP
FDL

FHL

*
MM

Fig. 4 Ankle US axial: Medial Malleolus (MM), Tibialis posterior 
(TP), flexor digitorum longus(FDL), posterior tibial artery and vein (∗), 
tibial nerve (arrow), medial calcaneal nerve (arrow head) and flexor 
halluxis longus (FHL)

QP

AH

Fig. 5 Medial and lateral plantar nerve lie posterior to FDL and super-
ficial to FHL, FBLPN(Arrow) lies between Abductor hallucis (AH) and 
Quadratus plantae (QP) [4]
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neus longus (PL) and brevis (PB) tendons. At supramalleolar 
level, the PL tendon lies lateral to the PB muscle belly. Both 
of these structures  arc around the malleolus as the  PB 
becomes tendinous and sits superior to the PL tendon. At 
the inframalleolar region, the PB and PL tendons are sepa-
rated by the peroneal tubercle of the calcaneus which allows 
the PB tendon to insert at the base of fifth metataral (Fig. 6). 
The short axis view may identify hypoechoic clefts or longi-
tudinal split tears. If peroneus tendon subluxation is sus-
pected, dynamic scanning should be performed from 
the neutral position to dorsiflexion and with eversion of the 
foot against resistance.

To evaluate the anterior talofibular ligament (ATFL), with 
the forefoot in slight inversion, the probe is placed parallel to 
the plantar surface at the lateral malleolus level (Fig. 7).

From the ATFL, keep the posterior edge of the probe on 
the lateral malleolus and rotate the anterior edge upwards 
towards the distal tibia. This maneuver will allow the visual-
ization of anterior inferior tibiofibular ligament (Fig. 8).

To evaluate the calcaneofibular ligament, the probe is 
placed in an oblique coronal plane over the lateral malleolus 

and its inferior edge at 7 o’clock position with ankle in dor-
siflexion (Fig. 9). The calcaneofibular ligament lies deep to 
the PL and PB tendons.

Table 3 Lateral ankle evaluation checklist

Peroneus longus and brevis
Anterior talofibular ligament
Anterior inferior tibiofibular ligament
Calcaneofibular ligament

a

b

c

d
PT

Fig. 6 Normal peroneal tendons. (a) Skeletal model showing the level 
of the probe position. (b) Peroneus brevis (PB) lies posterior to the lon-
gus. (c) In the retromalleolar groove, the tendons are restrained by the 

superior peroneal retinaculum (arrow) (d) PB and Peroneus longus (PL) 
in the inframalleolar area at the level of the peroneal tubercle (PT) of 
the calcaneus

Fig. 7 Anterior talofibular ligament

Fig. 8 Anterior tibiofibular ligament
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2.4  Posterior Ankle

For posterior ankle evaluation (Table  4), a patient is 
placed in a prone position with the foot hanging off the 
examination table. The Achilles tendon is a conjoined ten-
don of both soleus and gastrocnemius muscles and it is the 
largest weight-bearing tendon in the body. To evaluate 
the  Achilles tendon, the  foot should be dorsiflexed to 
reduce anisotropy. The Achilles tendon has uniform thick-
ness and a fibrillar pattern. There is a fat pad anterior to 
the Achilles tendon is known as Kager’s fat pad. Distally 
it may appear hypoechoic due to anisotropy because the 
fibers change their direction from horizontal to vertical to 
insert at the  calcaneus. The average thickness of the 
Achilles tendon is approximately 5–6 mm [5]. The retro-
calcaneal bursa can be seen distally (Fig. 10). The plan-
taris tendon can be seen medial to the Achilles tendon and 
may mimic residual fibers of the  Achilles tendon in 
the case of a complete tear.

Moving the probe over the plantar aspect of the heel helps 
to evaluate the plantar aponeurosis at its calcaneal insertion. 
It should appear hyperechoic, uniform, and 4 mm or less in 
thickness [6] (Fig. 11).

Fig. 9 Calcaneofibular ligament

Calcaneus Kager’s fat pad

Fig. 10 Normal Achilles tendon

Calcaneus

Fig. 11 Normal plantar fascia

Fig. 12 Tibiotalar joint injection
Steps
1.  Place the ultrasound probe along the long axis with respect to the 

tibialis anterior tendon and medial to it
2. Identify and avoid the dorsalis pedis artery
3.  When the anterior recess of the joint is visualized, insert the needle 

using the in plane approach from distal to proximal
4. After negative aspiration, inject the medication

Fig. 13 Subtalar joint injection
Steps
1.  Place the ultrasound probe in a coronal plane, along the calcaneo-

fibular ligament anterior to the lateral malleolus
2.  Using the out of pane technique, insert the needle toward the joint 

space
3. After negative aspiration, inject the medication

Table 4 Posterior ankle evaluation checklist

Achilles tendon
Plantar fascia
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3  Ultrasound Guided Ankle Injections 
and Nerve Blocks

3.1  Tibiotalar and Subtalar Joint Injection

Indications: Indications include pain arising from various 
arthritic conditions such as osteoarthritis, rheumatoid arthri-
tis, crystalloid deposition disease, and synovitis.

Medications: 1 mL total containing 0.5 mL of local anes-
thesia (1% lidocaine or 0.25% bupivacaine) and 20 mg of tri-
amcinolone or equivalent corticosteroid.

For all procedures we recommend strict sterile technique 
that includes cleaning the skin with  an antiseptic solution, 
placing the transducer in a sterile cover, and using sterile, 
single use, ultrasound gel.

3.2  Ankle Blocks

Medications: 1 mL total containing 0.5 mL of local anesthe-
sia (1% lidocaine or 0.25% bupivacaine) and 20 mg of tri-
amcinolone or equivalent corticosteroid.

Fig. 14 Superficial peroneal nerve (SPN) block
Position: Lateral decubitus position with the injection site on top
Steps
1.  Place the ultrasound probe in a sagittal plane, approximately 

8–10 cm proximal to the ankle crease
2.  The SPN is visualized between the peroneous brevis and extensor 

digitorum longus muscles
3. After negative aspiration, inject the medication

Fig. 15 Saphenous nerve (SN) block
Position: Supine
Steps
1.  Place the ultrasound probe in a sagittal plane on the anteromedial 

aspect of ankle
2.  The SN is visualized subcutaneously between the extensor hallucis 

longus tendon and the medial malleolus next to the great saphenous 
vein

3. After negative aspiration, inject the medication

Fig. 16 Posterior tibial nerve (PTN) block
Position:
Supine: foot rolled outward and knee slightly bent
Prone: ankle elevated with a pillow on the anterior surface
Steps
1.  Place the ultrasound probe in a coronal plane, towards the calcaneus 

posterior to the medial malleolus
2.  The PTN is visualized at the level of the Achilles tendon and the 

medial malleolus posterior to the posterior tibial artery
3. After negative aspiration, inject the medication

Fig. 17 Sural nerve (SN) block
Position: lateral decubitus with knee extended
Steps
1.  Place the ultrasound probe in a coronal plane, towards the calcaneus 

posterior to the lateral malleolus
2.  The SN is visualized between the Achilles tendon and the peroneous 

brevis
3. After negative aspiration, inject the medication
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Ultrasound Guided Nerve Blocks 
for Lower Extremity

Christopher M. Harmon, Kelly S. Davidson, Erik Helander, 
Matthew R. Eng, and Alan David Kaye

1  Fascia Iliaca Nerve Block

1.1  Introduction

The fascia iliaca overlies both the femoral and lateral femo-
ral cutaneous nerves. The general idea is that by placing a 
large volume of local anesthetic beneath the fascia iliaca, 
there will be enough spread to reach both the femoral and 
lateral femoral cutaneous nerves. The technique was first 
described by Dalens et  al. in which a landmark based 
approach was utilized to deposit local anesthetic in the fascia 
iliaca compartment in an attempt to anesthetize the femoral, 
lateral femoral cutaneous, and obturator nerves [1]. It was 
previously thought that the block would also spread to cover 
the lumbosacral plexus due to the presence of a fascial sheath 
tracking up towards it, but there has been a lack of evidence 
that this sheath exists [2]. The landmark based approach 
employs a loss of resistance technique with one pop when 
passing through the fascia lata and then a second with the 
fascia iliaca. This technique however is only about 38% 

effective in completely blocking the lumbar plexus nerve 
distribution [3]. The use of ultrasound guidance can signifi-
cantly improve the sensory block to the medial thigh as well 
as femoral and obturator motor blocks [4].

1.2  Patient Positioning and Landmarks

For the ultrasound guided fascia iliaca block patients are typi-
cally in the supine position. To provide better access to the 
inguinal crease the bed should be flattened as much as can be 
tolerated by the patient. A good starting approach for ultra-
sound placement is to place the probe at the lateral third of a 
line drawn between the pubic tubercle and the anterior superior 
iliac spine and move medially until the femoral artery is visual-
ized. This point at the lateral third of the imaginary line is the 
needle insertion point for the landmark- based technique.

1.3  Ultrasound Anatomy

Scan the inguinal crease until the femoral artery is identified. 
The iliopsoas muscle is located deep and lateral to the femo-
ral artery and covered by a thin layer of fascia. The fascia ili-
aca overlies the iliacus muscle in the pelvis and merges with 
the layer of fascia above the psoas muscle more medially. The 
femoral nerve is located lateral to the femoral artery between 
the fascia iliaca and iliopsoas muscle. The fascia lata, which 
is a key component of the landmark-based technique, is more 
superficial in the subcutaneous layer. Following the fascia 
iliaca laterally will show it overlying the sartorius muscle [4].

1.4  Nerve Distribution

The area covered by the fascia iliaca block is dependent upon 
the amount of spread achieved and it’s ability to reach the 
target nerves. The femoral nerve is responsible for motor 
function including the main hip flexors and knee extensors. 
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Its sensory distribution includes the anterior and medial thigh 
to the area of the knee, as well as the medial lower leg and 
ankle via the saphenous nerve. See the section on femoral 
nerve block for expanded details regarding the femoral nerve 
distribution. The lateral femoral cutaneous nerve covers sen-
sation to the anterolateral thigh. As described above, coverage 
of the obturator nerve is inconsistent and details of its block-
ade and distribution are mentioned elsewhere in this chapter.

1.5  Technique

After properly disinfecting the skin and applying sterile 
gloves, the femoral artery is identified with the ultrasound 
transducer as described above. The fascia iliaca is located 
with the femoral artery between it and the iliopsoas muscle. 
Moving laterally will bring the sartorius muscle into view. 
Rotate the probe 90 degrees with the top marker now facing 
the umbilicus. Scan superiorly and laterally along the line 
between the pubic tubercle and anterior superior iliac spine 
to identify the “bowtie” where the internal oblique meets the 
sartorius. Before inserting the needle in-plane, a skin wheal 
is made to minimize patient discomfort. The needle can be 
visualized traversing the sartorius muscle and angled towards 
the bowtie between it and the internal oblique, with the fas-
cia iliaca running beneath each muscle. A pop may be felt as 
the needle penetrates the fascia iliaca and a test of 1–2 mL of 
local anesthetic is given to ensure the correct space. With 
correct injection, the local anesthetic should be seen below 
the fascia iliaca and pushing the underlying iliacus muscle 
downwards. Once confident the correct space has been iden-
tified, a large volume (30 to 40 mL) of dilute local anesthetic 
is injected while advancing the needle carefully and continu-
ing to dissect the muscle from the overlying fascia. Turning 
the probe back to its original orientation should show spread 
medially toward the femoral nerve and laterally beneath the 
sartorius muscle to ensure adequate blockade of both the 
femoral and lateral femoral cutanous nerves [4, 5]. As stated 
above, the blockade of the anterior branch of the obturator 
nerve may occur but is not reliable with this particular block.

2  Popliteal Nerve Block

2.1  Introduction

The goal of the popliteal nerve block is to localize the sciatic 
nerve in the region of the popliteal fossa just prior to its divi-
sion into the tibial nerve (TN) and common peroneal nerve 
(CPN). It can provide anesthesia for foot and ankle surgeries, 
though needs to be combined with a saphenous or femoral 
block if the procedure is going to include the medial lower 
leg and ankle. By blocking the sciatic nerve more distal, it 

spares motor function for the thigh and hamstring muscles 
allowing knee movement and aiding in early ambulation. 
The use of ultrasound has increased the success and effi-
ciency of these blocks given the variability in the location of 
the sciatic nerve split [6].

2.2  Patient Positioning and Landmarks

There is both a lateral and posterior approach to the popliteal 
nerve block. The posterior approach typically requires prone 
positioning, which can be difficult for many patients to toler-
ate. The lateral approach can be done either supine or lateral 
and has been shown to be equally as effective as the posterior 
approach [7]. If done supine, the foot needs to be placed on 
an elevated footrest or an assistant is needed to hold the foot 
in place on the bed with the knee bent. Placing the patient 
laterally allows them to lie comfortably with their knee 
maintained in a flexed position (Fig. 1).

2.3  Ultrasound Anatomy

With the ultrasound probe in the popliteal crease, the first 
step is to identify the popliteal artery. Other features that can 
be visualized at this level include the femur, popliteal vein, 
biceps femoris muscle, and the sciatic nerve or its branches. 
The popliteal fossa is bordered laterally by the biceps femo-
ris muscle and medially by both the semimembranosus and 
semitendinosus muscles. Once the semitendinosus muscle 
and tendon are located, the popliteal artery should be visual-
ized directly lateral. Moving further lateral from the artery 
will encounter the popliteal vein, followed by the tibial and 
common peroneal nerves. Though it can be highly variable 
depending on patient body habitus, these nerves are typically 
2–5 cm deep at the level of the popliteal crease. Tracing the 

Fig. 1 Proper transducer positioning for lateral approach to popliteal 
nerve block
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nerves cephalad will show a convergence of the tibial and 
common peroneal nerves into the sciatic nerve (Figs.  2 
and  3), which is highly variable and can occur anywhere 
from the popliteal fossa to more proximal in the thigh. At the 
level of the nerve bifurcation it may be difficult to still visu-
alize the vascular structures, which dive deeper the more 
cephalad the ultrasound transducer is moved. Once the sci-
atic nerve is located, the transducer can be moved back cau-
dad to trace the tibial and common peroneal nerves as they 
travel through the popliteal fossa and further into the lower 
leg. The common peroneal nerve will be lateral and slightly 
superficial to the tibial nerve and passes between the head 
and neck of the fibula below the popliteal fossa. Below the 

popliteal fossa, the tibial nerve can be followed as it dives 
deep to the gastrocnemius muscle [8, 9].

2.4  Nerve Distribution

Blocking the sciatic nerve at the level of its bifurcation 
allows for sparing of the hamstring muscles and therefore 
knee flexion. The tibial nerve gives off cutaneous sural nerve 
branches before terminating as the medial and lateral plantar 
nerves. The common peroneal nerve also gives off cutaneous 
sural branches prior to its termination as the superficial and 
deep peroneal nerves. If performed correctly, a popliteal 
nerve block should cover both motor and sensory to the 
lower extremity below the knee. As mentioned before, the 
saphenous nerve supplies the medial leg and foot and this 
will need to be blocked separately if the procedure is to 
involve these areas.

2.5  Technique

As described above, start by identifying the popliteal artery at 
or slightly above the popliteal crease with the ultrasound trans-
ducer in a transverse position. Once identified, the common 
peroneal and tibial nerves should be located slightly superfi-
cial and lateral to the popliteal artery. The transducer may need 
to be tilted or moved slowly more proximal in the thigh to 
bring the nerves into view. Once in view, they can be traced 
moving the transducer further cephalad until visualized com-
ing together within the sciatic nerve sheath. The target for 
needle insertion should be right at the point where both nerves 
are visualized separately but still within the sciatic nerve 
sheath. For an out-of-plane approach, localize the area in the 
center and just directly below the transducer. Insert the block 
needle at a slightly cephalad angle to reach the sciatic nerves 
in the center of the ultrasound screen. For an in-plane approach, 
localize the area about 3 cm above the edge of the ultrasound 
transducer and then insert the block needle directly horizontal 
to the probe. The needle should be in clear view during any 
advancement to prevent inadvertent vascular or nerve injury. 
Once the needle pierces the sciatic nerve sheath, inject a small 
amount of local anesthetic to make sure it spreads to surround 
the individual components (common peroneal and tibial 
nerves) within the sheath. The needle may need to be adjusted 
in slightly different directions to ensure spread on all sides of 
the nerves. Scanning both cephalad and caudad while inject-
ing should show local anesthetic spread within the sciatic and 
individual common peroneal/tibial nerve sheaths. If any sig-
nificant resistance is met, stop injecting and withdraw the 
needle as this may signal an intraneural injection [6, 10–12].

Fig. 2 Ultrasound anatomy for popliteal nerve block showing Sciatic 
nerve (ScN) prior to its division, Biceps femoris muscle (BFM), and 
Semimembrinosus muscle (SmM)

Fig. 3 Ultrasound anatomy for popliteal nerve block distal to the 
Sciatic Nerve split into the Tibial Nerve (TN) and Common Peroneal 
Nerve (CPN). Also shown are the Popliteal Artery (PA) and Popliteal 
Vein (PV)
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3  Sciatic Nerve Block

3.1  Introduction

The sciatic nerve is the largest nerve in the body at its origin 
and is responsible for much of the motor and sensory func-
tion of the lower extremity. A sciatic nerve block is indicated 
for any foot and ankle surgery, below knee amputation, or 
knee surgery involving the posterior compartment. Many 
times it is necessary to combine the sciatic nerve block with 
a femoral nerve block in order to adequately cover the medial 
aspect of the lower leg and ankle. There are multiple 
approaches to the block that will be described separately 
below including anterior, transgluteal, and subgluteal. The 
sciatic nerve may also be blocked at the popliteal level for 
more distal lower extremity procedures and this technique is 
described elsewhere in this chapter. The choice of technique 
depends on the patient’s ability to tolerate positioning, as 
well as the proceduralist’s experience with any particular 
ultrasound guided approach.

3.2  Patient Positioning and Landmarks

Patient positioning for the sciatic nerve block is dependent 
on which approach is best for the patient and operator. For 
the anterior approach, the patient is supine with the hip 
slightly abducted. The hip and knee can be flexed to aid with 
exposure. The ultrasound transducer in initially placed at the 
level of the minor trochanter on the anteromedial aspect of 
the thigh [13] (Fig.  4). For the transgluteal and subgluteal 
approaches, the patient is in the lateral decubitus position 
with the hip and knee flexed. This may be uncomfortable or 
difficult depending on the particular patient and an anterior 
approach may be a better choice. For the transgluteal 
approach, the ischial tuberosity and greater trochanter are 
palpated and the transducer is initially placed between the 
two (Fig.  5). Given the depth, a curvilinear probe may be 
needed to adequately visualize the necessary structures. The 
subgluteal approach is done just below the gluteal crease 
where the nerve courses more superficial than at the trans-
gluteal level [14] (Fig. 6).

3.3  Ultrasound Anatomy

The sciatic nerve is the largest and only terminal branch of 
the sacral plexus. After exiting through the greater sciatic 
notch, it courses between the ischial tuberosity and the 
greater trochanter of the femur deep to the gluteus maximus 
muscle and superficial to the quadratus femoris muscle. This 
is the appropriate level for a transgluteal approach. In its 

proximal course, the sciatic nerve gives off articular branches 
to the posterior capsule of the hip. Occasionally these 
branches come off the sacral plexus directly. Following the 
nerve slightly further down the thigh will show it between 
the long head of the biceps femoris and the posterior surface 
of the adductor magnus muscle [15]. This is the appropriate 
level for a subgluteal approach (Fig. 7).

For an anterior approach, placing a curvilinear ultrasound 
transducer on the anteromedial aspect of the thigh at the level 
of the minor trochanter of the femur will show the femoral 

Fig. 4 Proper transducer positioning for anterior approach to sciatic 
nerve block

Fig. 5 Proper transducer positioning for transgluteal approach to sci-
atic nerve block
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artery beneath the sartorius muscle. Deep to the femoral 
artery and directly below the vastus intermedius is the femur, 
which is hyperechoic with a dark shadow beneath it. The sci-
atic nerve can be seen as a hyperechoic structure medial to 
the femur and between the adductor magnus muscle and the 
deeper hamstring muscles (Fig. 8). The sciatic nerve contin-
ues its course down the posterior thigh to its bifurcation into 
the tibial and common peroneal nerves just above the popli-
teal crease [13, 14].

3.4  Nerve Distribution

The sciatic nerve block will cover the motor function of the 
hamstrings and biceps muscles, sensation to the posterior 
knee, and both motor and sensation to the entire leg below 
the knee with the exception of the medial aspect of the lower 
leg and ankle. If blocked high enough, it will also cover artic-
ular branches to the hip joint. The anterior approach is per-
formed more distal along the nerve course and is therefore 

less reliable at blocking the articular branches to the hip and 
other more proximal sensory/motor branches. The posterior 
femorocutaneous nerve supplies the skin of the posterior 
aspect of the thigh and diverges from the sciatic nerve proxi-
mal to where the anterior approach is performed. This typi-
cally is of no significance unless the surgery is to involve the 
posterior thigh. It is generally blocked with the transgluteal 
and subgluteal approaches.

3.5  Technique

For the anterior approach the patient is placed supine with 
the hip slightly abducted. Landmark based techniques were 
first described by Beck in 1963, followed by a newer tech-
nique in 1999 by Chelly and Delaunay [16, 17]. The subse-
quent introduction of ultrasound guided techniques allows 
for direct visualization of the nerve and its surrounding 
structures [18, 19]. Nerve stimulation is not required, though 
it may be helpful given the depth of the nerve and depending 
on the skill level of the operator. The curvilinear ultrasound 
transducer is placed at the level of the minor trochanter of the 
femur on the anteromedial aspect of the thigh just distal to 
the femoral crease. Scanning in this region will allow identi-
fication of the femoral artery first just beneath the sartorius 
muscle. The femur will be deep to the artery below the vastus 
intermedius muscle. Medial to the femur and just below the 
adductor magnus muscle is the hyperechoic sciatic nerve, 
typically at a depth of 8–10 cm. If having difficulty visual-
izing the nerve and the patient is in a cooperative state, hav-
ing them dorsiflex or plantar flex the ankle may move the 
nerve within the fascial plane and make identification easier. 
Tilting the transducer slightly cephalad or caudad may also 

Fig. 6 Proper transducer positioning for subgluteal approach to sciatic 
nerve block

Fig. 7 Ultrasound anatomy for subgluteal approach to sciatic nerve 
block including Greater Trochanter of Femur (GT), Gluteus Maximus 
Muscle (GMM), and Sciatic Nerve (SN)

Fig. 8 Ultrasound anatomy for anterior approach to sciatic nerve block 
showing Superficial Femoral Artery (SFA), Adductor Longus Muscle 
(AL), Adductor Magnus Muscle (AM), Biceps Femoris Muscle (BF), 
Semitendinosus Muscle (ST), and Sciatic Nerve (SN)
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help clear up the image. Once the nerve is correctly identi-
fied, the block needle can be inserted in-plane or out-of- 
plane. The in-plane approach allows for continuous 
visualization of the entire needle, though may be difficult 
given the depth of the nerve in many patients and the steep 
angle necessary to reach it. For an in-plane approach, insert 
the block needle from the medial side of the transducer until 
it is successfully identified perineural. Inject a small amount 
of local anesthetic to confirm placement and assure that the 
needle is not intraneural, which would be felt as resistance to 
injection. Inject the remaining local anesthetic with constant 
visualization to ensure adequate spread around the sciatic 
nerve [13, 14, 17].

The transgluteal approach begins by placing the patient 
in the lateral decubitus position. Palpate the ischial tuberos-
ity and greater trochanter and take note of the space between 
the two, as this will be where the transducer is initially. 
Directly after its exit from the pelvis through the greater 
sciatic notch, the sciatic nerve travels deep to the gluteus 
maximus muscle between the ischial tuberosity and greater 
trochanter of the femur. Under ultrasound guidance, iden-
tify the nerve at this level. Given the depth, a curvilinear 
ultrasound transducer may be necessary. Small movements 
may need to be made with the transducer either proximally 
or distally from the starting point in order to bring the nerve 
into a more clear view. Again, tilting the probe slightly in 
either direction may help with this as well. The block nee-
dle is inserted using an in-plane technique in a lateral to 
medial direction. Once the needle is directly adjacent to the 
nerve, inject a small amount of local anesthetic. The local 
anesthetic should shift the sciatic nerve away from the nee-
dle. Any significant resistance to injection is most likely 
indicative of an intraneural injection and the needle will 
need to be withdrawn slightly. After ensuring the needle is 
in the correct location, inject the remainder of the local 
anesthetic solution [13, 14].

The subgluteal approach is similar in initial positioning to 
the transgluteal approach, but it targets the sciatic nerve more 
distal in its course as it travels between the long head of the 
biceps femoris and the posterior surface of the adductor 
magnus muscle. This is typically more superficial than the 
transgluteal approach and the curvilinear transducer may not 
be necessary depending on patient body habitus. The ultra-
sound transducer is placed at the gluteal fold halfway 
between the greater trochanter and the ischial tuberosity. The 
sciatic nerve may be located closer to the ischial tuberosity, 
near the origin of the biceps femoris muscle. Following the 
nerve distally will show it coursing more superficial than in 
the transgluteal region. Once the nerve is correctly identified, 
the block needle is inserted in-plane in a lateral to medial 
direction. As with previous approaches, confirm successful 
needle placement with a small amount of local anesthetic 
before injecting the full volume [13, 20].

4  Obturator Nerve Block

4.1  Introduction

The obturator nerve block can be performed safely under 
ultrasound guidance and offers benefits for a number of dif-
ferent clinical situations and procedures. It can provide addi-
tional pain control for knee surgery, alone or in combination 
with a femoral and/or sciatic nerve block. It has been shown 
to be beneficial in anterior cruciate ligament (ACL) recon-
struction by providing analgesia for the gracilis tendon har-
vest [21–23]. It is also used to aid with chronic hip pain or 
adductor spasticity that can accompany patients with hemi-
plegia, paraplegia, or a number of other neuromuscular dis-
orders [24, 25]. Another proven benefit has been to prevent 
the obturator reflex during transurethral resection of bladder 
tumor (TURBT), which if left unblocked can cause a sudden 
thigh adduction jerk resulting in potential patient harm [26, 
27]. There are a number of published approaches to the ultra-
sound guided obturator nerve block that can be split into the 
broader overall categories of either proximal or distal and 
these will be further discussed in the following sections.

4.2  Patient Positioning and Landmarks

For both proximal and distal approaches, the block can be done 
supine with the thigh abducted and externally rotated. There are 
multiple techniques described in the literature in regards to the 
proximal approach, one of which involves placing the patient in 
lithotomy or full hip flexion and external rotation, but only the 
supine positioning will be discussed in this chapter [28]. The 
initial transducer placement is either at the level of the inguinal 
crease with visualization of the femoral vascular structures or 
slightly inferior to the crease on the medial thigh in at attempt to 
visualize the obturator nerve branches themselves (Fig. 9).

Fig. 9 Proper transducer positioning for both proximal and distal 
approaches to the obturator nerve block
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4.3  Ultrasound Anatomy

Forming in the lumbar plexus from the anterior rami of 
L2-4, the obturator nerve then courses down into the pelvis 
medial to the psoas major muscle. It exits the pelvis 
through the obturator foramen and into the anteromedial 
thigh. At some point near its exit through the obturator 
foramen, the nerve bifurcates into an anterior and posterior 
branch. The actual position of this division is variable and 
one study showed that it occurred in the pelvis in 23% of 
cadaver subjects, at the level of the obturator foramen in 
52%, and within the thigh in 25% [29]. Though separate, 
the anterior and posterior branches still course together 
between the pectineus and obturator externus muscles just 
past their exit from the obturator foramen (Fig.  10). 
Moving caudad to the level of the femoral crease will show 
the anterior branch of the obturator nerve between the fas-
cial planes of the pectineus and adductor brevis muscles. 
As it courses further, it can be found between the adductor 
longus and adductor brevis muscles. The posterior branch 
of the obturator nerve is found between the fascial planes 
of the adductor brevis and adductor magnus muscles 
(Fig. 11). Further along its course, it may give off terminal 
articular branches to the medial aspect of the capsule of 
the knee joint. It may also supply articular branches to the 
hip, though these typically come off the common obturator 
nerve prior to its division [29].

4.4  Nerve Distribution

As mentioned previously, the common obturator typically 
gives off articular branches to the hip that may play an 
important role in chronic hip pain and spasticity. After its 
split, the anterior branch of the obturator nerve supplies 
motor branches to the adductor brevis, longus, and gracilis 
muscles. The anterior branch is also responsible for sensory 
branches to the medial thigh, though this is highly variable. 
The posterior branch supplies motor branches to the adduc-
tor magnus and brevis muscles. It has also been shown to 
supply the adductor longus and obturator externus muscles 
as well, though this too is variable. The posterior branch also 
gives cutaneous branches to the medial thigh and medial cap-
sule of the knee from its articular branches. Overall, the cuta-
neous distribution of the obturator nerve is inconsistent and 
may have no sensory function in up to 50% of patients [30]. 
The obturator nerve is responsible for the majority of thigh 
adductor function, though there may be some co-innervation 
from either the sciatic or femoral nerves with their branches 
to the adductor magnus and pectineus muscles respectively 

Fig. 10 Ultrasound anatomy for proximal approach to obturator nerve 
block including Pectineus Muscle (Pect), Obturator Nerve (ObN), 
Obturator Externus Muscle (Obt Ext), and Superior Pubic Ramus 
(SPR)

Fig. 11 Ultrasound anatomy for distal approach to obturator nerve 
block showing Anterior branch of Obturator Nerve (Ant ObN) between 
the Adductor Longus Muscle (AL) and Adductor Brevis Muscle (AB). 
Posterior branch of Obturator Nerve (Post ObN) between Adductor 
Brevis Muscle (AB) and Adductor Magnus Muscle (AM). Also show is 
the Pectineus Muscle (Pect)
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[31, 32]. In addition, about 10-30% of patients give off an 
accessory obturator nerve from the L3-4 roots that travels 
along with the femoral nerve and supply the pectineus mus-
cle [29]. Due to this, successfully blocking the obturator 
nerve may not result in complete loss of adductor strength.

4.5  Technique

The distal approach to the obturator nerve block may be less 
technically challenging than the proximal approach, though 
the anterior and posterior branches need to be blocked sepa-
rately and any articular branches to the hip that arise prior to 
the division will be missed. For the distal approach, the 
patient is placed supine with the thigh abducted and slightly 
rotated externally. The starting position for the ultrasound 
transducer is at the level of the inguinal crease to identify the 
femoral vessels. Moving medially along the crease will allow 
visualization of the individual adductor muscles, including 
the adductor longus, brevis, magnus, and pectineus muscles. 
Once the individual muscles are identified, a block needle is 
inserted in-plane and positioned between the fascia of the 
pectineus and adductor brevis muscles. Once it is confirmed 
that the needle is in the correct plane, half of the local anes-
thetic solution is injected to block the anterior branch of the 
obturator nerve. The needle will then need to be redirected at 
a steeper angle towards the plane between the deeper 
 adductor brevis and adductor magnus muscles. The remain-
ing local anesthetic is placed between these muscles in order 
to block the posterior branch of the obturator nerve. Another 
approach involves moving the transducer about 2-3 cm cau-
dad along the medial thigh to block the anterior branch at its 
location between the adductor longus and adductor brevis 
muscles followed by the posterior branch between the adduc-
tor brevis and adductor magnus muscles [33]. It is important 
for both injections to make sure that the local anesthetic is 
spreading in the fascial plane and not being injected 
intramuscularly.

There are multiple proximal approaches described in the 
literature. The majority still begins with the patient supine 
with the thigh abducted and slightly externally rotated, but 
there are variations in probe placement and whether an in or 
out-of-plane technique in used. Regardless, the ultrasound 
transducer is initially placed in the inguinal crease medially 
at the same starting position as the distal approach. The 
transducer is then tilted about 50 degrees cranially until the 
pectineus muscle is seen with a hyperechoic structure deep 
and lateral to it. This structure is the inferior margin of the 
superior pubic ramus. The target for the block needle is the 
fascial plane between the pectineus and the deeper obturator 
externus muscle. Two published approaches describe insert-
ing the needle out-of-plane, though this may be more diffi-

cult given the inability to visualize the needle completely 
during insertion [29, 34]. Another approach involves insert-
ing the needle in-plane from lateral to medial [35]. Once the 
correct fascial plane is confirmed the local anesthetic solu-
tion is injected with careful attention to avoid intramuscular 
injection, as this will prevent adequate spread toward the 
obturator foramen.

5  Femoral Nerve Block

5.1  Introduction

Indications for femoral nerve block include surgery of the 
anterior thigh, femur, patella, quadriceps tendon, and knee. 
This block can also be used to provide analgesia for patients 
with acute hip fractures while awaiting operative interven-
tion [36, 37]. Ultrasound-guided femoral nerve blockade 
allows the practitioner to visualize needle advancement 
while avoiding important structures that can be found in the 
vicinity of the femoral nerve. The femoral artery is typically 
located medial to the femoral nerve and the two structures 
are in close proximity to each other. Use of the ultrasound 
may reduce the incidence of arterial puncture compared with 
techniques that do not employ the use of this imaging modal-
ity. Ultrasound guidance also allows visualization of the 
spread of local anesthetic so that appropriate adjustments 
can be made if necessary. Secondary confirmation can be 
obtained using nerve stimulation, however, given the ability 
to visualize the needle and relevant anatomy, this is not 
required [37].

5.2  Patient Positioning and Landmarks

Ideally, the patient should be in the supine position. The table 
or bed should be flattened in order to optimize exposure to 
the inguinal area. Palpation of the femoral artery can provide 
a good starting point, however is not necessary. The trans-
ducer is placed transversely over the femoral pulse in the 
femoral crease. The transducer can be moved laterally to 
medially until the artery is identified [36] (Fig. 12).

5.3  Ultrasound Anatomy

The practitioner should first identify the pulsating femoral 
artery at the level of the inguinal crease. Sliding the trans-
ducer medially and laterally will allow the practitioner to 
visualize the vessel if its presence is not immediately appar-
ent. The femoral nerve is located immediately lateral to the 
femoral artery in a sulcus in the iliopsoas muscle underneath 
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the fascia iliaca. It will typically appear as a hyperechoic 
structure with a roughly triangular or oval shape. The femo-
ral vein is located medial to the femoral artery and the fascia 
lata can sometimes be visualized on ultrasound in the subcu-
taneous layer. The typical depth of the femoral nerve is 
between 2 and 4 cm [37] (Fig. 13).

5.4  Nerve Distribution

The femoral nerve is derived from the ventral rami of L2 to 
L4 and is the largest branch of the lumbar plexus. This nerve 
provides motor innervation to the quadriceps muscle and 

supplies sensation to the anterior thigh and medial leg [38]. 
Due to the contribution to motor innervation of the quadri-
ceps muscle, this block may not be favorable for patients 
undergoing surgery requiring early mobilization as it may 
increase the risk of falls postoperatively [39]. The femoral 
nerve gives off articular branches supplying the hip and ante-
rior knee as well. It then gives rise to the saphenous nerve, 
which has terminal branches that innervate the medial side of 
the ankle joint [37].

5.5  Technique

With the patient supine, the skin over the femoral crease is 
prepped with disinfectant solution. The transducer is posi-
tioned transversely along the femoral crease and the femoral 
artery is identified. If the femoral nerve cannot be immedi-
ately visualized lateral to the artery, the transducer can be 
tilted proximally or distally which helps to distinguish the 
nerve from the iliopsoas muscle. The iliopsoas muscle and 
its fascia as well as the fascia lata should be identified in 
order to ensure delivery of local anesthetic to the desired 
plane. After identification of the femoral nerve, a skin wheal 
of local anesthetic is made approximately 1 cm away from 
the lateral edge of the transducer [37]. The needle is inserted 
in-plane and advanced from lateral to medial toward the lat-
eral corner of the femoral nerve. Typically, two separate 
“pops” can be felt as the needle is advanced first through the 
fascia lata and then the fascia iliaca. Once the needle tip is 
under the fascia iliaca and adjacent to the femoral nerve, 
careful aspiration and then injection of 1–2 ml of local anes-
thetic is performed [37, 38]. If the needle is in the correct 
position, the practitioner will see the femoral nerve move 
away from the injection [36]. If the injection of local anes-
thetic does not appear to spread near the femoral nerve, repo-
sitioning of the needle and injection of additional local 
anesthetic may be required [37].

6  Saphenous Nerve Block

6.1  Introduction

The saphenous nerve is the terminal sensory branch of the 
femoral nerve and provides sensory innervation to the 
medial, anteromedial, and posteromedial aspects of the lower 
extremity from the distal thigh to the medial malleolus [40]. 
Indications for saphenous nerve block include saphenous 
vein harvesting or stripping or in conjunction with sciatic 
nerve block for foot and ankle procedures. It can also pro-
vide pain relief for patients having knee surgery as a part of 
a multi-modal pain regimen [41].

Fig. 12 Proper transducer placement for femoral nerve block

Fig. 13 Ultrasound anatomy for femoral nerve block showing Femoral 
Vein (FV), Femoral Artery (FA), and Femoral Nerve (FN)
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6.2  Patient Positioning and Landmarks

6.2.1  Transsartorial Approach (Adductor Canal) 
to Saphenous Nerve Block

Typical patient positioning for the saphenous nerve block is 
supine with the patient’s thigh externally rotated and 
abducted so that the practitioner has access to the medial 
thigh [41] (Fig.  14). The femoral artery travels with the 
femoral vein and branches of the femoral nerve, (including 
the saphenous nerve and the nerve to the vastus medialis) in 
the adductor canal. The adductor canal is an aponeurotic 
tunnel containing the aforementioned structures that 
courses between the anterior and medial compartment of 
the thigh [42].

6.2.2  Distal Saphenous Nerve Block
Below the knee, the saphenous nerve passes along the tibial 
side of the leg, adjacent to the great saphenous vein. 
Subcutaneous infiltration of the tissues in this region can 
provide adequate nerve blockade, however it is possible to 
perform under ultrasound guidance. At the ankle, a branch of 
the nerve is located medial to the subcutaneously positioned 
saphenous vein [41].

6.3  Ultrasound Anatomy

The sartorius muscle descends lateral to medial across the 
anterior thigh and forms a “roof” over the adductor canal. 
The muscle can be identified on ultrasound as an oval shape 
deep to a subcutaneous layer of adipose tissue. The canal is 
triangular in shape with the lateral border being is formed by 
the vastus medialis and medial border by the adductor longus 
proximally or magnus more distally. The saphenous nerve is 
often difficult to appreciate on the ultrasound image; how-
ever, it can appear as a small round hyperechoic structure 
medial to the artery. The femoral vein and artery accompany 

the saphenous nerve in the adductor canal and can typically 
be visualized 2–3 cm deep to the ultrasound probe. (Fig. 15) 
Above the knee, the saphenous nerve pierces the fascia lata 
between the tendons of the sartorius and gracilis muscles and 
then becomes a subcutaneous nerve [43].

6.4  Nerve Distribution

Saphenous nerve block results in anesthesia of a variable 
strip of skin on the medial leg and foot [43]. Although saphe-
nous nerve block is strictly sensory, an injection of the local 
anesthetic in the adductor canal spread and cause partial 
motor block of the vastus medialis. Therefore, patients 
should be advised to use caution when attempting unsup-
ported ambulation after proximal saphenous block to avoid 
increased risk of falls [39].

6.5  Technique

With the patient in the proper position, the skin is disinfected 
and the transducer is placed antero-medially, approximately 
mid thigh position or somewhat lower. If the artery is not 
immediately apparent, the use of color Doppler can be 
employed to identify the femoral artery and scan caudally 
from the inguinal crease [41]. To confirm identification of 
the sartorius muscle, scanning from its origin at the anterosu-

Fig. 14 Proper transducer placement for adductor canal block

Fig. 15 Ultrasound anatomy for adductor canal nerve block including 
Sartorius Muscle, Femoral Artery (FA), Saphenous Nerve (SaN), and 
Adductor Longus Muscle (Add Longus)
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perior iliac spine down toward the medial knee is helpful 
[44]. Once the femoral artery is identified, the needle is 
inserted in-plane in a lateral-to-medial orientation, and 
advanced toward the femoral artery [45]. Once the needle tip 
is visualized medial to the artery and after careful aspiration, 
1–2 mL of local anesthetic is injected to confirm the proper 
injection site. When injection of the local anesthetic does not 
appear to result in its spread beside the femoral artery, addi-
tional needle repositions and injections may be necessary 
[40]. The block can be achieved with as little as 5–10 mL of 
local anesthetic, with a maximum dose of 20 mL [45].

Saphenous nerve block can be achieved at more distal 
and superficial locations with simple subcutaneous infiltra-
tion of the tissues within the immediate vicinity of the nerve. 
This can be done under ultrasound guidance with the trans-
ducer placed below the knee at the level of the tibial tuber-
osity [45].
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1  Introduction

Cardiac care has evolved in recent years with regard to assess-
ment and treatment strategies mainly related to ultrasound 
technology. Surgeries have also evolved and techniques for 
pain management of these surgeries have also developed. 
Thus, regional anesthesia techniques have been increasingly 
employed in cardiac surgical procedures to assist in acute 
pain management. At present, these regional techniques 
include chest wall blocks, sternal blocks, and neuraxial 
blocks. There is significant evidence that cardiac surgery 
patients benefit from utilization of these regional techniques.

Cardiovascular disease accounts for more than one-third 
of deaths globally [1] and more than $300 billion in costs in 
the United States [2]. Cardiovascular disease is the leading 
cause of mortality and morbidity for the aged population 
worldwide. Increases in the elderly population are expected 
to increase and therefore, it is projected that the volume of 
cardiovascular interventional procedures will increase [3, 4]. 
Minimally invasive cardiac procedures, including transcath-
eter aortic valve replacements (TAVR) are allowing for older 
and sicker patients to undergo interventional/surgical proce-
dures. Despite decades of anesthetics powered by high dose 

opioids, at present multimodal analgesia have evolved, 
including in cardiovascular surgery Neuraxial and peripheral 
nerve blocks along with opioid sparing techniques have 
become essential components of these multimodal analgesic 
protocols [5, 6].

The use of regional anesthesia and neuraxial techniques 
in cardiac surgery date back to 1954 when one of the first 
heart surgeries was performed under thoracic epidural anal-
gesia [7–9]. Advantages of thoracic epidural analgesia 
include decreased incidence of cardiovascular events (e.g., 
stroke, myocardial ischemia) [8, 10, 11], reduced respiratory 
complications, decreased renal failure, lower infection, 
shorter ICU stays, decreased cost of anesthesia, and earlier 
hospital discharge [11]. Along with efficacy, advantages of 
thoracic epidural analgesia include the ability to provide 
analgesia continuously throughout the perioperative period; 
while concerns include spinal and epidural hematomas [12, 
13]. Additionally, the risk of post-cardiopulmonary bypass 
mediated coagulopathy may complicate the use of neuraxial 
techniques. Other concerns include the role of managing 
concurrent aspirin vis-à-vis use with systemic heparinization 
[14, 15]. High spinal has certain theoretical benefits but as 
well profound systemic effects [16, 17].
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The most commonly regional block of the paraxial ner-
vous system is the paravertebral block (PVB) [18]. In recent 
years, the ultrasound-guided PVB has been shown to be a 
safe and effective analgesic technique compared with tho-
racic epidural analgesia [19, 20]. Common advantages from 
PVB include hemodynamic stability when compared to tho-
racic epidural analgesia [21] and reduced nausea, hypoten-
sion, and urinary retention [20].

Chest wall blocks are newer, simpler ultrasound guided 
techniques and include the pectoralis fascial blocks (PECS) 
in cardiac and other surgeries [21–26]. Another regional 
technique related to PECS is the serratus anterior plane 
(SAP) block that covers the hemithorax [27]. The SAP block 
can be effective in thoracic surgical procedures [28–30]. 
Recently, SAP, PECS II and intercostal nerve blocks (ICNB) 
were found to be equally efficacious in cardiac surgery in the 
pediatric population [31].

A recent addition to the evolving number of fascial blocks 
is the erector spinae block, which are easy to deliver via 
ultrasound and have few side effects (ESB) [32]. Based on a 
cadaveric and case reports, the ESB possesses an advantage 
for median sternotomy with efficacy and efficiency [33–37]. 
ESB has also been successfully used in transapical transcath-
eter aortic valve implantation [38]. Concerns include the 
potential for hematoma and related to lack of laterality, may 
require bilateral blocks for a standard sternotomy which can 
significantly increase risk of high local anesthetic plasma 
concentrations [39, 40].

2  Goal-Directed Echocardiography

Early identification of the mechanisms of shock in a critically 
ill patient is central to the practice of critical care medicine. 
Goal-directed echocardiography was developed to provide 
early, useful information for hemodynamic monitoring and 
determination of the type of shock (hypovolemic, obstructive, 
cardiogenic, or distributive) based on the assessment of left 
ventricular systolic dysfunction, left ventricular dilatation, 
right ventricular dilatation, pericardial effusion, cardiac tam-
ponade, and pleural effusion (Table  1). The internationally 
standardized training and approach to goal- directed echocar-
diography is named basic critical care echocardiography 
(CCE) [41], which uses transthoracic ultrasound to answer 
basic clinical questions: Is the patient severely hypovolemic? 
Does the patient have marked left ventricular systolic dys-
function or high filling pressures? Does the patient have cor 
pulmonale? Is the patient in tamponade?

3  Intravenous Fluid Therapy 
Management

In regional anesthesia, identification of patients who are at 
risk of developing hypovolemia before administration of a 
neuraxial blockade can be useful for guiding therapy and to 

begin pre-emptive measures to reduce the risk of hypoten-
sion and the adverse outcomes associated with the condition. 
In this regard, fluid therapy guided by Inferior Vena Cava 
(IVC) ultrasound has been proven effective in the prevention 
of post-spinal anesthesia hypotension (PSAH) [43, 44]. 
Several methods of assessing patient fluid volume are effec-
tive in predicting risk of hypotension. In elderly patients 
undergoing spinal anesthetics, preoperative maximal diame-
ter of IVC (dIVCmax) to IVC collapsibility index (IVCCI) 
ratio of less than 43 predicts spinal-induced hypotension 
[45]. To obtain this ratio, the IVC is measured at its maxi-
mum diameter at the end of expiration (dIVCmax) and 
IVCCI during spontaneous, quiet breathing calculated as 
[(IVC maximal diameter  – IVC minimal diameter)/IVC 
maximal diameter] [45]. Additionally, IVCCI alone has good 
predictive value with sensitivity of 84%, specificity of 77%, 
and accuracy of 84%, as determined in a prospective study of 
100 patient’s volume status after spinal anesthesia by Salama 
et al. [44] Furthermore, this study also assessed the ratio of 
IVC to aorta diameter (IVC:Ao index) as a predictor of 
PSAH. It proved extremely effective in predicting the risk of 
hypotension with a sensitivity of 96%, specificity of 88%, 
and accuracy of 95% [44]. It is important to note in this study 
that age was another predictor of PSAH with elderly patients 
being more affected.

Assessment of IVC diameter via ultrasound allows for 
rapid, non-invasive approximation of central venous pres-
sure, which avoids the need for a central venous catheter. 
IVC diameter correlates with intrapleural pressure and can 
be used to estimate the right atrial pressure (RAP). During 
spontaneous ventilation, an IVC measurement of less than 
2.1 cm with an inspiratory collapse of greater than 50% dur-
ing sniff correlates with a RAP of 0–5 mmHg, while an IVC 
measurement greater than 2.1  cm with less than 50% col-
lapse during sniff correlate with a RAP of 10–20  mmHg 
[46]. Hypovolemia is indicated if the maximum IVC diame-
ter is less than 1.0 cm. If a patient meets this condition, addi-
tional findings of a small, hyperdynamic LV with end systolic 
cavity obliteration are highly suggestive for hypovolemia. 

Table 1 Goal, pattern, and findings in cardiovascular pathogenesis

Goal Pattern Findings
Left 
ventricle

Left 
ventricular 
failure

Left ventricular hypokinesia, low 
aortic velocity-time integral

Right 
ventricle

Acute cor 
pulmonale

Right ventricular dilation, increased 
pulmonary artery pressures, tricuspid 
regurgitation via color-wave Doppler

Pericardium Cardiac 
tamponade

Circumferential pericardial effusion 
with end-diastolic collapse of the 
right atrium

Fluid status Severe 
hypovolemia

Small, hyperdynamic ventricles with 
IVC obliteration

High filling 
pressure

High-velocity E wave (E/A >2) with 
short deceleration time using 
pulsed-wave Doppler

Adapted from Repessé et al. [42]
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Further investigation is warranted due to low systemic vascu-
lar resistance producing similar findings [46]. Other ultra-
sound techniques to approximate central venous pressure 
have been studied, including IVCCI and internal jugular vein 
aspect ratio, but these are less effective than maximal IVC 
diameter [47].

4  Cardiac Arrest

The use of point of care ultrasound (POCUS) in the manage-
ment of cardiac arrest has the potential to improve patient 
outcomes by guiding treatment of the underlying conditions 
and by providing important prognostic information. In a pro-
spective observational study, Gaspari et al. enrolled 793 car-
diac arrest patients to better understand the prognostic value 
of POCUS [48]. The study evaluated patient outcome at three 
different levels – return of spontaneous circulation (ROSC), 
survival to hospital admission, and survival to hospital dis-
charge. All patients received an ultrasound as part of initial 
assessment. Cardiac activity was detected in 263 of these 
patients. ROSC was achieved in 51% of patients with detect-
able cardiac activity while only 14% of patients without car-
diac activity reached ROSC. Similar differences between the 
two groups were seen in survival to admission and survival to 
discharge [48]. Ultrasound guidance also allowed the physi-
cians to deviate from standard Advanced Cardiac Life Support 
protocol by allowing diagnosis of the underlying condition. 
For example, 34 patients with pericardial effusion as the 
underlying condition for cardiac arrest were diagnosed, and 
their survival was greatly improved [48]. Other detectable 
underlying conditions of cardiac arrest include, cardiac tam-
ponade, hypovolemia, and pulmonary embolism [49]. 
POCUS is also beneficial for monitoring the process of CPR, 
visualizing true vs. false asystole, and confirming cardiac 
rhythm [49, 50]. Potential exists for POCUS to monitor the 
efficacy of chest compressions during CPR, but further study 
is needed to validate POCUS in this setting [50].

Risks do exist when utilizing POCUS during cardiac arrest 
resuscitation. When using the ultrasound during CPR, there 
must be a break in chest compressions and resuscitation efforts 
[51]. It has been noted that these breaks often last longer than 
the recommended maximum pause of 10  seconds, which 
directly affects resuscitation effectiveness [52]. The benefits of 
the prognostic information collected via ultrasound use and 
guidance of treatment/patient management shown to improve 
patient outcomes within certain subgroups of cardiac arrest 
patients must be weighed with the risks of pausing resuscita-
tion efforts. To date, there is still a lack of evidence for or 
against the use of POCUS managing these patients, so at pres-
ent the decision should be on a case by case basis.

5  Emerging Roles of Ultrasound, 
Pulmonary Embolism

Transesophageal and transthoracic echocardiograms are a 
useful tool that anesthesiologists employ for early diagnostic 
examination of suspected pulmonary embolism (PE) in the 
perioperative setting. PE is a manifestation of venous throm-
boembolism that demands quick and accurate care to avoid 
hemodynamic catastrophe. Approximately 1 per 1000 adults 
each year present with symptomatic PE making it the most 
common cause of vascular death after myocardial infarction 
and stroke [53]. Moreover, major surgery has the highest 
odds ratio (18.95) of any independent risk factor for PE [54]. 
Therefore, it is imperative for anesthesiologists to be familiar 
with PE echocardiographic findings.

Acute massive PE is defined as a sustained systolic BP 
<90 mm Hg for at least 15 minutes in the setting of pulmo-
nary vascular embolus [55]. Acute massive PE has a high 
mortality rate and is characterized by hemodynamic deterio-
ration secondary to increased pulmonary vascular resistance 
in addition to the degree of obstruction of the embolic throm-
bus [56]. Subsequently, the blood pressure progressively 
builds in the right ventricle (RV) until systemic blood circu-
lation plummets and cardiac arrest is achieved [57]. The 
parasternal long axis transthoracic view is a well validated 
approach to catch early sonographic changes of the RV 
before cardiac arrest occurs [58]. Specifically, this view 
detects the increase in RV diameter from 2/3 of the total LV 
size to larger than the LV. Additionally, there’s a geometric 
RV change from an “egg shape” to a rounder “soccer ball 
shape”. Such changes are also detectable on the apical four- 
chamber view. On the parasternal short axis view, high RV 
pressure drives the interventricular septum to flatten from the 
normal D-shape [58]. Transesophageal echo has also been 
well described in literature as a perioperative rescue proce-
dure to help identify the underlying cause of hemodynamic 
instability, namely acute PE [59, 60]. Transesophageal views 
are obtained through esophageal and gastric windows total-
ing 16 views at four esophageal and transgastric levels, but a 
limited exam can be performed in emergent cases with 10 
recommended views. This approach allows for estimation of 
systolic pulmonary arterial pressure and right ventricular 
systolic pressure through tricuspid regurgitation and right 
atrial pressure measurement [61]. The modified bicaval view 
is best suited to assess these parameters in the context of pul-
monary hypertension and PE. Ultimately, both transesopha-
geal and transthoracic ultrasonography approaches are ideal 
in the early detection of perioperative PE related to their 
accessibility and dynamic nature. They can be used alone or 
together by the modern anesthesiologist to best reduce mor-
bidity and mortality.
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6  Valvular Pathology

Patients with valvular heart disease (VHD) may present to 
the anesthesiologist for either cardiac or non-cardiac surgery. 
More than 10–13% of patients over the age of 75 may pres-
ent with moderate to severe VHD [62, 63]. Approximately 
30% of patients with severe, symptomatic VHD, usually 
with relevant comorbidities, do not undergo surgery [63]. 
Regardless of the cause, it is important to identify the lesion, 
quantify its severity, assess of the sequelae of value dysfunc-
tion on cardiac function, and assess possible concomitant 
ischemic heart disease. The pre-anesthesia assessment 
should include a history and physical to look for signs and 
symptoms of VHD and heart failure with typical comorbidi-
ties that include peripheral atherosclerosis, renal and hepatic 
dysfunction, and chronic obstructive pulmonary disease 
[64]. Typically, the evaluation of VHD lies with the cardiolo-
gist, though patients may present to the pre-operative clinic 
with undiagnosed disease. For the anesthesiologist, the most 
concern lies with undiagnosed, severe aortic stenosis, which 
can lead to hemodynamic collapse due to compromise of 
ventricular filling after administration of anesthesia. 
Operative mortality risk data is also available using the 
EuroSCORE and the STS scoring systems [65, 66].

Doppler echocardiography is the most common imaging 
modality used in the diagnosis of VHD, as it low-cost, non- 
invasive, and free from radiation, and is thus the gold stan-
dard according to multiple international societies [64, 67]. In 
patient with stenotic lesions, the severity of obstruction is 
assessed by changes in either flow velocities, pressure gradi-
ents, or valve orifice areas, which can be measured by ultra-
sound. In patients with regurgitate valve lesions, assessment 
should include several different quantitative measurements 
using Doppler imaging of the vena contracta and jet geome-
try, continuous wave Doppler recordings of the regurgitant 
flow, effective regurgitant orifice area, and pulsed wave 
Doppler measures of transvalvular blood flow. Diagnostic 
criteria are outlined in Tables 2 and 3.

Table 2 Diagnostic echocardiographic criteria for severe valve 
stenosis

Aortic 
Stenosis

Mitral 
Stenosis

Tricuspid 
Stenosis

Valve area (cm2) <1.0 <1.0 –
Indexed valve area (cm2/m2 
of BSA)

<0.6 – –

Mean gradient >40 >10 >5
Maximum jet velocity (m/s) >4.0 – –
Velocity ratio <0.25 – –

Adapted from Baumgartner et al. [68]

Table 3 Diagnostic echocardiographic criteria for severe valve 
regurgitation

Aortic 
regurgitation Mitral regurgitation

Tricuspid 
regurgitation

Qualitative
Valve 
morphology

Aortic root 
enlargement, 
cusp defect or 
prolapse

Flail leaflet, ruptured 
papillary muscle

Abnormal/
flail/large 
coaptation 
defect

Regurgitant 
jet flow color

Large in 
central jets, 
variable in 
eccentric jets

Very large central jet 
or eccentric jet 
adhering, swirling, 
and reaching the 
posterior wall of the 
left atrium

Very large 
central jet or 
eccentric 
wall 
impinging jet

Continuous 
wave signal 
of 
regurgitant 
jet

Dense Dense/triangular Dense/
triangular 
with early 
peaking 
(peak <2 m/s 
in massive 
TR)

Other Holodiastolic 
flow reversal 
in descending 
aorta 
(end-diastolic 
velocity 
>20 cm/s)

Large flow 
convergence zone

–

Semi- 
quantitative
Vena 
contracta 
width (mm)

>6 ≥7 (>8 for biplane) >7

Upstream 
vein flow

– Systolic pulmonary 
vein flow reversal

Systolic 
hepatic vein 
flow reversal

Inflow – E-wave dominant 
≥1.5 m/s

E-wave 
dominant 
≥1 m/s

Other Pressure 
half-time 
<200 ms

Time-velocity integral 
(TVI)/TVI aortic >1.4

Proximal 
isovelocity 
surface area 
radius 
>9 mm2

Quantitative Primary Secondary
Effective 
regurgitant 
orifice area 
(mm2)

≥30 ≥40 ≥20 ≥40

Regurgitant 
volume (mL/
beat)

≥60 ≥60 ≥30 ≥45

Enlargement 
of cardiac 
chambers/
vessels

Left ventricle 
diameters, 
volumes and 
ejection 
fraction

Left 
ventricle 
and left 
atrium

Right 
ventricle, 
right atrium, 
and inferior 
vena cava

Adapted from Lancellotti et al. [69]
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7  Conclusion

In summary, ultrasound has an important evolving role in 
diagnostics and therapeutics in cardiac medicine. This is 
important as the world population ages and cardiac diseases 
remains one of the most common causes of morbidity and 
mortality. As techniques evolve into best practice strategies, 
cardiac patients with the use of ultrasound can expect 
reduced postoperative pain through regional nerve blocks. 
As well, the use of ultrasound in cardiac patients may ulti-
mately result in more timely diagnosis and assessment, the 
potential for reduced opioid consumption, reduced morbid-
ity and mortality, and shortened hospital stays.
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Ultrasound for Chest: Heart and TTE

Paula Trigo Blanco

1  Introduction

Echocardiography (cardiac ultrasonography) is a ubiquitous 
cardiac imaging technique used for the diagnosis and moni-
toring of cardiovascular diseases. There are two major tech-
niques for echocardiography based on the location of the 
ultrasound transducer: Transthoracic echocardiography 
(TTE), which acquires images of the heart from chest wall 
and transesophageal echocardiography (TEE), which obtains 
images from a probe inserted into the esophagus.

TTE is a common bedside cardiac examination that can 
provide a high quality and comprehensive imaging study. 
Hemodynamics, left and right ventricular systolic perfor-
mance and diastolic function can be objectively measured, 
and regional wall motion, valve function and the pericardium 
can be evaluated.

Clinical interpretation of an echocardiography study is 
highly dependent on image quality and the accuracy of 
acquisition. Hence, TTE images are obtained from standard 
transducer positions that visualize specific sectors of the 
heart. These standardized positions are the apical, subcostal, 
parasternal and suprasternal notch positions (see below).

1.1  Ultrasound Basics

An ultrasound (US) transducer contains a number of piezo-
electric crystals which convert electrical energy into mechan-
ical energy (vibrations) at the frequency of ultrasound 
(greater than 20,000 cycles per sec or 20KHz). Each indi-
vidual crystal produces a beam of ultrasound which is known 
as a scan line. The scan lines can be fired off simultaneously, 
producing a rectangular image or at set delays, producing a 
fan shaped sector which can be electronically steered. When 
the ultrasound waves are transmitted into tissue, most are 

absorbed but some are reflected back by tissue interfaces 
towards the transducer. These returning ultrasound signals 
are converted back to electrical energy by the crystals and 
processed into visual images. For TTE, an electrocardiogram 
(ECG) is typically displayed with the image to assist with 
timing of events throughout the cardiac cycle [1].

There are different US modes [2]:

 1. Two-dimensional imaging (2D): 2D imaging is the most 
common US mode used clinically. Structures are viewed 
in a cross-section of the heart with high resolution [3]. It 
is used to evaluate anatomy and movement of cardiac 
structures. However, it cannot visualize blood flow in the 
heart and great vessels.

 2. M mode (Motion Mode): A single scan line is displayed 
against time, providing a one-dimensional view. M-mode 
has the highest temporal resolution since there is no delay 
in building a sector from multiple scan lines. It is typically 
used for the timing of events throughout the cardiac cycle.

 3. Doppler imaging: Doppler echocardiography provides 
information on blood flow in the heart and great vessels 
by processing the change in frequency and wavelength of 
the US echoes reflected from moving targets [4–6]. 
Doppler US allows quantitative assessment of the veloc-
ity (magnitude and direction) of blood flow and myocar-
dial tissue. Doppler is used in several ways:
• Pulsed-wave (PW) Doppler uses a single crystal to 

send and then receive a signal from a discrete location. 
It therefore measures localized velocity of typically 
laminar blood flow. Because the sampling is intermit-
tent, the maximum Doppler shift is limited, and there-
fore the maximum velocity which can be measured is 
also limited (around 1.2  m/s). PW Doppler is most 
often used to measure left ventricular inflow and out-
flow as well as pulmonary and hepatic vein profiles.
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• Continuous-wave (CW) Doppler uses two crystals 
simultaneously, one to send continuously and one to 
receive continuously. Velocities are measured along 
the entire length of the two US scan lines, not a  specific 
depth as in PW.  However, since there is continuous 
sampling, the velocities which can be measured are 
significantly higher. CW Doppler is used to estimate 
the severity of valve stenosis or regurgitation.

• Color-flow Doppler mapping (CFD or CFM) is a pulsed 
Doppler technique which color codes Doppler informa-
tion and superimposes it over real time 2D imaging. 
Traditionally, flow towards the transducer is coded red, 
flow away from the transducer is blue and higher veloci-
ties are represented by brighter shades. To aid in detec-
tion of turbulent flow, there is a maximum (aliasing) 
velocity, beyond which the color code changes to the 
color representing the opposite direction. This leads to a 
“mosaic” pattern at the site of turbulent flow and enables 
sensitive screening for regurgitant flow. In some sys-
tems, variance from the mean velocity is coded as green.

• Tissue Doppler Echocardiography (TDE) [6] mea-
sures the velocity of the myocardium throughout the 

cardiac cycle. It is a pulsed Doppler technique which 
filters out the higher blood flow velocities and only 
measures the lower velocity of tissue movement (typi-
cally less than 0.2 m/s) US wave (Fig. 1).

1.2  Ultrasound Probes

The depth of penetration of an ultrasound wave varies 
inversely with the frequency of the transducer. 
Consequently, the frequency of a transducer is selected to 
achieve the desired depth of penetration. Also, transducers 
are constructed in different sizes and shapes for different 
purposes and image displays. There is usually a mark (dot 
or notch) on the probe to orient the user for image 
acquisition.

For TTE, a curved linear probe with a small “foot print” is 
utilized (Figs. 2a and 2b).

When performing a surface ultrasound such as TTE, there 
are 4 movements of the probe: translation, angulation (ceph-
alad towards the patient’s head or caudal towards the feet), 
rotation and tilt.

Fig. 1 Tissue Doppler 
echocardiography image
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2  TTE Anatomy and Windows

The term window refers to the physical location of the trans-
ducer on the chest wall. There are four standard acoustic 
windows used in a routine TTE examination: suprasternal, 
parasternal, apical, and subcostal. The image produced by a 
specific window is described by a corresponding view. The 
named view refers to the image plane as it relates to the axis 
of the heart using the left ventricle (LV) as the main refer-
ence point. For example, in a parasternal short-axis view the 
transducer is placed to the left of the sternum and rotated so 
that the image generated displays a short-axis view of the LV.

The suprasternal window is obtained with the patient in 
the supine position, the neck extended and the transducer 

placed in the suprasternal notch (orientation of probe, patient 
positioning for optimal viewing – extension/rotation – this 
would also be for any subsequent sections below). This win-
dow views the thoracic aortic arch and great vessels (bra-
chiocephalic artery, left common carotid -LCCA-, and left 
subclavian artery -LSA-) (Figs. 3 and 4).

The parasternal window is obtained with the patient in 
the left lateral decubitus position. The transducer is placed 
on the left sternal edge in the third or fourth intercostal space. 
There are three views that can be acquired via the parasternal 
window: parasagittal long axis, right ventricular inflow- 
outflow, and short axis.

The parasagittal long-axis view provides images of the 
coronary sinus (CS), left atrium (LA), mitral valve (MV), 

a b

Fig. 2a and 2b Curved linear probe with a small “foot print” viewed anteriorly and laterally
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left ventricular septum and posterior wall, left ventricular 
outflow tract (LVOT), aortic root, sinuses of Valsalva (SOV), 
and descending thoracic aorta (DTA) (Figs. 5 and 6).

The right ventricular inflow-outflow view is obtained by 
angulating the probe medially and moving apically from the 
long-axis view. This view demonstrates the inferior vena 
cava (IVC), right atrium (RA), tricuspid valve (TV), right 
ventricle (RV) and the CS.

The short-axis view is obtained by rotating the probe 
approximately 90° and angulating it superior to inferior 
along the long axis of the LV. This view gives images of the 
interatrial septum, TV, pulmonic valve (PV), MV leaflets, LV 

papillary muscles, all of the LV wall segments except for the 
apex, and the aortic valve (AV) cusps (Figs. 7 and 8).

The apical window is obtained with the patient in the left 
lateral decubitus position. There are three routine views gen-
erated via the apical window: four-chamber view (it demon-
strates the four cardiac chambers in plane), two-chamber 
view (useful to evaluate the LA, proximal LA appendage 
(LAA), MV, and anterior LV wall, and long-axis (or apical 
three-chamber) view. This is the best window to visualize the 
LV apex (Figs. 9 and 10).

The subcostal window is obtained with the patient supine 
and the transducer placed inferior to the sternum, angled 
slightly towards the patient’s left. There are two views 
obtained via the subcostal window: four-chamber view (very 
useful to identify interatrial septal defects) and inferior vena 
cava view (used to estimate RA pressures by assessing for 
changes in size of the IVC during inspiration and expiration) 
(Figs. 11 and 12).

3  Applications. Clinical Indications

TTE should be performed in accordance with the guidelines 
and recommendations published by the American Society of 
Echocardiography (ASE) and the European Association of 
Cardiovascular Imaging [7, 8].

3.1  LV Systolic Function

One of the most common indications for TTE is the assess-
ment of LV systolic function. Typically, this is reported as an 
ejection fraction [9] (EF, the percentage of the end diastolic 
volume ejected during systole) [9, 10]. The American Society 
of Echocardiography recommends the modified Simpson’s 
method (biplane method of discs) to calculate LV volumes 
and EF. The ventricular endocardium is traced at end diastole 
and is divided along its long axis into a series of ‘disks’. This 
is repeated in an orthogonal plane (at 90 degrees to the first) 
and the sum of the volume of each disc provides the LV end 
diastolic volume. The process is repeated at end systole and 
the EF can then be calculated. The software packages on 
most modern ultrasound platforms perform these 
calculations.

Fractional area change (FAC) of the LV can provide a 
simpler estimate systolic function which correlates well with 
EF [11]. The optimal view for calculating FAC is the LV 
short axis view from the mid transgastric acoustic window 
(Fig. 13).

Figs. 3 and 4 Suprasternal window. LCCA (left common carotid 
artery), LSA (left subclavian artery), AA (aortic arch), DTA (descend-
ing thoracic aorta)
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Aortic
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Left atrium

Mitral valve

Left ventricle
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Papillary muscles

Apex

Septum
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Figs. 5 and 6 Parasternal window long-axis view. RVOT (Right ventricular outflow tract), LV (left ventricle), LVOT (left ventricular outflow 
tract), AV (aortic valve), MV (mitral valve), LA (left atrium). (Source: Ref. [26, 27])
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Figs. 7 and 8 Parasternal 
window short-axis view. 
(Source: Ref. [26, 27])

P. Trigo Blanco



177

Septum
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Figs. 9 and 10 Apical window 
four chambers view (it demon-
strates the four cardiac chambers 
in plane). (Source: Ref. [26, 27])
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Interventricular
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Tricuspid valve
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Figs. 11 and 12 Subcostal 
window four-chamber view 
(very useful to identify 
interatrial septal defects). 
(Source: Ref. [26, 27])
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The area of the LV cavity is traced in end-diastole (EDA) 
and end-systole (ESA). The difference between the two, 
divided by the EDA expressed as a percentage is the FAC. Note 
that FAC is based upon area, it does not take the apex into 
account and assumes that the LV contracts symmetrically. 
Thus, values of FAC will be smaller than the EF and are prone 
to error in an LV with regional wall abnormalities.

3.2  Diastolic Dysfunction

TTE can provide a comprehensive evaluation of diastolic 
filling of the ventricle, myocardial relaxation, and ventricular 
stiffness [12, 13].

When flow across the MV is assessed with PW Doppler, 
two waves are seen: an early [E] wave, (passive filling of the 
ventricle), and an atrial [A] wave (active filling during atrial 
systole). In a healthy heart, the E-wave velocity is slightly 
greater than that of the A wave (E > A) [14–16].

In cases with reduced LV compliance (elderly patients, 
chronic systemic hypertension, LV hypertrophy -LVH-, dia-
stolic dysfunction), the A wave is greater than the E wave [17].

Another possible finding is an exaggeration of the E wave 
with a small or absent A wave. This indicates restrictive car-
diomyopathy, constrictive pericarditis, or infiltrative cardiac 
disease (e.g. amyloidosis) [18, 19].

3.3  Wall Motion Abnormalities

Echocardiography is useful in detecting both stable coronary 
artery disease (stress echocardiogram [20]) and acute myo-

cardial ischemia [21–23]. When ischemia occurs, contractile 
abnormalities of segments of the myocardium can be visual-
ized by echocardiography prior to the appearance of electro-
cardiogram (ECG) changes or even clinical symptoms [24, 
25] (Fig. 14).

3.4  Heart Valves Assessment

Echocardiography is the diagnostic test of choice for the 
assessment of valvular abnormalities: [28–31].

• Aortic stenosis (AS) and mitral stenosis (MS): TTE pro-
vides valuable information about the etiology of valve 
stenosis from 2D imaging as well as the severity of the 
stenosis using Doppler interrogation [32–35].

• Aortic regurgitation (AI) and mitral regurgitation (MR): 
CFM is the most useful technique to detect regurgita-
tion [36, 37]. Quantification can be subjectively 
assessed by visual grading of the CFM images and more 
objectively by using a number of Doppler 
measurements.

• MV prolapse: diagnosis is made by visual inspection of 
the valve anatomy usually in the parasternal long axis 
view [38–42].

• Periprosthetic leak: echocardiography is a useful tool in 
the evaluation of prosthetic valve function. TEE is gener-
ally more sensitive than TTE [43].

3.5  Infective Endocarditis

Echocardiography is of paramount importance in the 
diagnosis of infective endocarditis. Although tissue diag-
nosis cannot be made by echocardiography, the demon-
stration of mobile masses attached to valve apparatus 
(2D) associated with regurgitation (CFM) is highly sug-
gestive of vegetations. Again, TEE is more sensitive than 
TTE [44–46].

3.6  Embolic Sources

Echocardiography can detect cardiac sources of embolism, 
such as thrombi in the LAA [47], in an LV aneurysm or 
attached to an akinetic LV wall segment [48, 49]. Emboli 
from deep vein thrombosis may also be detected anywhere in 
the right side of the heart, the pulmonary artery and its proxi-
mal branches and less often in the left side of the heart via a 
patent foramen ovale or an atrial septal defect.

Fig. 13 LV short axis view from the mid transgastric acoustic 
window
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3.7  Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy may be concentric or asym-
metric. In patients with hypertrophy of the interventricular 
septum, 2D imaging may reveal dynamic LVOT obstruc-
tion and systolic anterior motion of the MV with associated 
MR [50].

3.8  Volume Status

TTE is a non-invasive means of hemodynamic assessment 
that can be applied to critically ill patients, and is currently 
recommended as the first imaging technique in trauma 
patients as well as those with circulatory failure [51–53].

Mortality in trauma patients is greatest within the first 
6 hours and may be preventable. Early detection of hypo-
volemia is critical [54]. The diameter of the IVC mea-
sured at the bedside with TTE provides a rapid and 
repeatable measure of intravascular volume status [55, 
56] (Fig. 15).

Measurement of the IVC diameter has been found to be 
more accurate as a marker of early hypovolemic shock than 
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other commonly used predictors of acute blood loss (blood 
pressure, heart rate, serum lactate level) [57–60].

3.9  Measurement of Cardiac Output (CO)

The earliest studies that calculated CO by using echocar-
diography (PW or CW Doppler techniques), measured the 
aortic blood flow in a suprasternal view of the ascending 
aorta [61].

Nowadays, the recommended method for calculating CO 
is obtained from a pulsed Doppler measurement of the AV 
annulus in the apical five-chamber view [62–64].

4  Echocardiography Advantages

TTE is a versatile, portable and safe cardiovascular imaging 
technique, able to provide real time views of cardiovascular 
structures with minimal patient discomfort.

5  Limitations and Pitfalls

TTE has technical limitations, such as suboptimal acoustic 
windows (obese patients, patients with chronic lung disease, 
or patients on mechanical ventilation).

Furthermore, the evaluation of ascending thoracic aortic 
dissections with TTE is difficult, and the frequent false- 
positive diagnosis is thought to be related to reverberation 
artifacts [65–67].

6  Conclusions

There is a growing trend of using ultrasound examination of 
the heart as a diagnostic tool for initial patient evaluation in 
acute settings.

Echocardiography is a valuable cardiac imaging tech-
nique. It often serves as one of the first-line imaging tech-
niques in the assessment of cardiovascular disease due to its 
portability, low cost, lack of ionizing radiation and great 
ability to evaluate cardiovascular anatomy and function.

Echocardiographic images are evaluated in real time, 
which allows quick diagnostic interpretation. Two- 
dimensional, spectral and color-Doppler are pivotal tech-
niques for cardiovascular evaluation. Newer techniques, 
such as tissue-Doppler imaging, myocardial deformation 
imaging, as well as three-dimensional echocardiography, 
may also have an important role.
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Ultrasound for Chest: Lung and Pleural 
Examination and Diagnosis

You Shang, Xiaojing Zou, and Hong Wang

1  Probe Types

Commonly used ultrasound probes can be divided into 
two major classes: High frequency linear and low fre-
quency probes.A high frequency linear probe uses fre-
quencies ranging from 9 to 12 MHz. This type of probe 
has the advantage of high resolution for shallow struc-
tures. It is suitable for examining the thoracic wall and 
pleura, and can display more detailed images of superfi-
cial structures, although the resolution decreases for 
deeper structures. Such probes are quite reliable and pro-
vide high specificity and sensitivity for ruling out 
pneumothorax.

A low frequency probe uses frequencies ranging from 1 to 
5 MHz. Due to their reduced signal attenuation, they are suit-
able for examining deeper structures, such as the lung paren-
chyma. Typical low frequency probes include curvilinear, 
microconvex or phased array (Fig. 1).

2  Image Acquisition

Correct patient positioning, probe manipulation, and loca-
tion of the examination points are essential for obtaining 
high quality ultrasound images.

2.1  Patient Positions

Correct positioning is necessary for obtaining high resolu-
tion ultrasound images. For lung examination, the patient 
can be in a supine, semi-recumbent, lateral, prone, or erect 
position. Certain positions will increase the sensitivity of 
detecting different pathology. For example, the semi- 
recumbent position is better than the supine position for rul-
ing out apical pneumothorax, and the right lateral position is 
better than the supine position for ruling out right sided pleu-
ral effusion.
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Fig. 1 Probes. (a) High frequency linear probe; (b) Low frequency curvilinear; (c) Microconvex; (d) Phased array (Courtesy of Mindray China)
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2.2  Probe Manipulation

For steady and flexible handling, the probe should be held 
like a pen with the thumb and index finger. The remaining 
fingers spread out on the patient’s skin to maintain stability. 
The center of the probe must be placed within rib interspaces 
and be oriented perpendicular to the chest wall (Fig. 2).

Every probe has a marker on one side that corresponds to 
the screen marker for orientation. The probe marker should 
be directed to the patient’s head. In this view, the area to the 
left of the diaphragm indicates the thoracic cavity and the 
area to the right of the diaphragm represents the abdominal 
cavity.

2.3  Examination Points

There are several protocols of lung ultrasound examination. 
The BLUE protocol [1] includes a total of eight areas over 
the entire thorax. Following the BLUE protocol, an experi-
enced ultrasound examiner can achieve a diagnostic accu-
racy of respiratory failure of over 90%.

The upper BLUE point (Fig. 3a) and lower BLUE point 
(Fig. 3b) are in the front of the chest, while the phrenic point 
(Fig.  3c) and the posterolateral alveolar pleural syndrome 
(PLAPS) point (Fig.  3d) are on the side of the chest. The 
PLAPS point is at the intersection of the posterior axillary 
line and the transverse phrenic line, and reveals over 90% of 
pleural effusions and alveolar consolidations [1]. To increase 

the sensitivity of diagnoses, examinations for pleural effu-
sions should occur in the dependent areas such as the PLAPS 
point, while examinations for pneumothoraces should occur 
in the nondependent areas.

3  Normal Lines and Signs

Artifacts surrounding the pleural line provide important 
information during chest ultrasound examination.

3.1  Pleural Line

The pleural line is a horizontal hyperechoic line, appearing 
about 0.5 cm below the rib line (Fig. 4).

3.2  A-Line

A-lines are hyperechoic artifacts that are horizontal in ori-
entation. A-lines repeat at regular intervals and are visible 
deeper to the pleural line (Fig.  4). During an ultrasound 
examination, the emitted ultrasound beam is reflected by 
the pleural membrane and bounced back to the transducer, 
which is then reflected again from the transducer back to 
the pleural membrane. These back-and-forth signals result 
in this regularly spaced artifact. The presence of A-lines 
can indicate normal lung tissue, chronic obstructive pulmo-
nary disease (COPD), asthma, pulmonary emboli, or 
pneumothoraces.

3.3  Bat Sign

Identification of the bat sign is a basic step in any lung ultra-
sound, which is used to correctly locate the pleural line. The 
upper and lower ribs form the wings of the bat sign; and the 
pleural line forms the belly of the bat (Fig. 5). To ensure a 
clearly distinguishable bat sign, the transducer should be 
positioned perpendicular to the pleural surface [2].

3.4  Lung Sliding

Lung sliding is a visible dynamic movement of the pleural 
line observed in normal lungs. It arises from the pleural line 
and represents the free movement of the visceral pleura 
against the parietal pleura during respiratory cycles. Absence 
of lung sliding is caused by lung volume loss (e.g., pneumo-
thorax, atelectasis, or pneumonectomy) or pleural adhesions 
(e.g., chemical pleurodesis, inflammation, or fibrotic lung 
diseases) [3].

Fig. 2 Probe manipulations
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Fig. 3 Examination Points. (a) Upper blue point; (b) Lower blue point; (c) Phrenic point; (d) PLAPS point

Fig. 4 Pleural line and A lines. White arrow indicates the pleural line; 
Arrowheads indicate A lines Fig. 5 Bat sign
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3.5  Seashore Sign

Lung sliding in the M-mode will appear as a “seashore sign” 
(Figs. 6 and 8a). Over the pleural line, a “seashore sign” dis-
plays a stratified pattern and indicates a motionless chest 
wall. Below the pleural line, it is a homogeneous granular 
pattern indicating a normal aeration and motion of lung [4].

4  Pathological Lines and Signs

4.1  B-Line

B-lines arise at the pleural line. They are vertical and hyper-
echoic. They are also called comet-tail artifacts. B-lines 
move in concert with lung sliding and extend to the far field 

without fading. B-lines often erase A-lines (Fig. 7). Multiple 
B-lines (more than 3 in each field) appear when fluid begins 
to widen the interlobular septa. Diffuse B lines represent 
alveolar edema. The presence of B-lines can rule out pneu-
mothorax completely [5]. In normal patients, B-lines can be 
seen only at the lower lung exam point (the PLAPS point) 
due to gravity dependent edema.

M9

Chest wall

Pleural line

Lung

Fig. 6 Seashore sign

a b

Fig. 8 Seashore sign (a) and Stratosphere sign (b)

Fig. 7 B lines. Arrows indicate B lines
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4.2  Stratosphere Sign

The stratosphere sign is also called the “barcode sign”. In the 
M-mode, the image shows parallel horizontal lines below 
and above the pleural line, indicating absence of lung sliding 
(Fig.  8b). Pneumothorax will show the stratosphere sign. 
Other conditions that impede normal lung movement can 
also cause the stratosphere sign. These include pneumonia, 
atelectasis, apnea, severe acute obstructive lung disease, and 
previous pleurodesis.

4.3  Pleural Effusion

Because sound waves can propagate through most fluids eas-
ily, the sonographic signs of a pleural effusion manifests as a 
dependent dark zone between the parietal and visceral pleura. 
This dark zone allows for visualization of the bright pleural 
lining around atelectatic lung tissue (Fig. 9) [6].

4.4  Quad and Sinusoid Sign

The quad sign consists of four borders: the pleural line (upper 
border), the lung line representing the visceral pleura (lower 
border), and two rib shadows. The quad sign indicated the 
presence of a pleural effusion (Fig. 10). In the M-mode, the 
appearance of visceral pleura movement is shown like a sinu-
soid waveform. This sign confirms free fluid collection [7].

4.5  Lung Pulse

The lung pulse and lack of lung sliding indicate complete 
atelectasis. Lung pulse is due to the transmission of heart-
beats to the adjacent lung. In the M-mode, ultrasound images 
demonstrate subtle pulses of the parietal pleura in concert 
with cardiac beats (Fig.  11). The lung pulse cannot be 
detected by ultrasound when visceral and parietal pleurae are 
separated by air (e.g., pneumothorax) or the lung is overin-
flated. The presence of a lung pulse can rule out a pneumo-
thorax [8].

Fig. 9 Pleural Effusion with atelectatic lung tissue. Arrow indicates 
atelectatic lung tissue caused by pleural effusion

Fig. 10 Quad sign. PE indicates Pleural Effusion

Fig. 11 Lung pulse. lp indicates lung pulse
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5  Normal and Pathological Indicators

5.1  Normal Lung

A normal lung consists of lung sliding, A-lines and absence 
of pleural effusion. Lung sliding plus A-lines constitute the 
A-profile indicating a “dry” lung, which can promptly rule 
out pulmonary edema, pneumonia, and pneumothorax. 
However, the A-profile also appears in COPD, asthma, and 
the presence of a pulmonary embolism. In 30 percent of 
patients with normal lungs, isolated B-lines can be found in 
dependent lung regions.

5.2  Pneumothorax

In a patient with pneumothorax, air accumulates between vis-
ceral and parietal pleural layers. As a consequence, lung slid-
ing signs and vertical B-lines are abolished. In the M-Mode, 
the stratosphere sign replaces the seashore sign. The presence 
of B-lines can rule out pneumothorax with 100% specificity 
[9, 10]. The absence of lung sliding, B-lines and lung pulse, as 
well as presence of lung point are signs of a pneumothorax.

Lung point is the transition point between the seashore 
and stratosphere signs on M mode, where lung sliding sud-
denly disappeared. Lung point indicates the border of the 
pneumothorax (Fig.  12). Lung point is 100% specific in 
diagnosing pneumothorax, but less common [11, 12]. 
Extensive pneumothorax can produce a lung point very pos-
teriorly, or it may not produce one at all due to the compres-
sion of the majority of the lung.

Absence of lung sliding also appears in some other cir-
cumstances, such as pleural adherences, bullous emphysema, 
and chronic obstructive pulmonary disease.

5.3  Atelectasis

Atelectasis can result from a pleural effusion (Fig. 11), bron-
chial obstruction (resorptive atelectasis) or main stem 
intubation.

Sonographic findings of atelectasis reveal disappearance 
of lung sliding, and presence of lung pulse (transmission of 
heartbeat to the pleural line) [13].

Static air bronchograms, hyperechoic punctiform parti-
cles without any change during the respiratory cycle and air 
bubbles trapped and isolated from the whole respiratory 
cycle, can be seen with most resorptive atelectases and pneu-
monia [14].

Dynamic air bronchograms effectively rule out atelectasis 
with a sensitivity of 64.0% and specificity of 94.0%. They 
are a sign of pulmonary consolidation [15].

5.4  Alveolar-Interstitial Syndrome

Due to aggregation of extravascular water, diffuse alveolar 
edema and thickened interlobular septa can become visible 
during lung ultrasound. It manifests as multiple ‘B-lines’ or 
‘comet tails’ arising from the pleural line, extending to the 
edge of the screen, and separated from each other by a dis-
tance of approximately 7 mm or less (Fig. 13) [16].

a b

Fig. 12 Pneumothorax and Lung Point. P indicates probe position, LP indicates Lung Point
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5.5  Pneumonia

Inflammation of the lung tissue can generate exudates. 
Exudates can enlarge the interstitial tissue, fill the alveoli, 
cross the visceral pleura, and invade the pleural cavity. 
Therefore, pneumonia can be classified as a fluid disorder. 
When interstitial fluid accumulates, multiple B-lines appear 
in the rib interspaces focally and asymmetrically, suggesting 
pneumonia [16]. The fluid-filled alveoli result in tissue-like 
patterns of lung consolidation without volume loss (Fig. 14). 
Consolidation is another marker of pneumonia can be found 
anywhere in the thoracic cavity. Consolidation of anterior 
chest due to bronchial dissemination is the most specific sign 
of pneumonia. Consolidation found at the PLAPS point is 
the most common sign. In some severe cases of pneumonia, 
the pleural surface is thickened and ragged.

Other sings of pneumonia include the shred sign (Fig. 15), 
dynamic air bronchograms, the absence of lung sliding and 
the presence of pleural effusions. The shred sign consists of 
a small juxtapleural consolidation that is visualized at the 
interface between poorly aerated alveoli and airless or fluid- 
filled alveoli [17].

Dynamic air bronchograms appear as mobile, hyper-
echoic, punctiform areas corresponding to patent airways 
and air bubbles trapped within the bronchi that move with 
respirations. It is present in 90% of pneumonia [18, 19].

Lung sliding is impaired when exudate, acting as a 
 biologic glue, adheres the lung to the chest wall. When the 
exudate is massive, there is often concomitant pleural 
 effusion [20, 21].

6  Conclusion

Lung ultrasound is a powerful bedside tool. It can help to 
timely diagnose various pulmonary pathologies. Due to its 
utility as a diagnostic tool, ease of use, and portability, lung 
ultrasound examination can be seamlessly integrated into the 
chest physical examination.

Fig. 13 Alveolar-interstitial syndrome

Fig. 14 Consolidation pattern without volume loss

Fig. 15 The shred sign is suggestive of pneumonia
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Ultrasound-Guided Nerve Blocks 
for Chest

Kaitlin Crane, Ibrahim N. Ibrahim, Elliott Thompson, 
Monica W. Harbell, Elyse M. Cornett,  
and Alan David Kaye

1  Introduction

The development of ultrasound-guided chest nerve blocks 
has involved a series of innovative techniques that aim to 
provide sufficient operative and postoperative analgesia with 
decreased risks and side effects for patients. Analgesia for 
chest wall procedures and surgeries has conventionally 
involved a multimodal approach including non-steroidal 
anti-inflammatory drugs (NSAIDS), opioids, ketamine, and 
acetaminophen, with or without local anesthetic infiltration. 
Many procedures such as intercostal drains placed following 
coronary artery bypass grafting or a thoracotomy can be 
excruciatingly painful and distressing for the patient. In most 
cases, multimodal approach has provided some, but not suf-
ficient, pain relief for patients undergoing procedures involv-
ing the thorax and chest wall.

Pectoralis nerve (Pecs) and serratus plane blocks are the 
latest ultrasound-guided regional anesthesia techniques of 
the thorax and chest wall. These procedures utilize sonog-
raphy to identify the various anatomical structures within 
the thoracic and axillary regions that act as landmarks for 

different compartments and nerve routes. The Pecs proce-
dures were invented by the anesthesiologist Dr. Rafael 
Blanco, who described it in a 2011 letter to the editor. For 
the Pecs type I block, a linear array ultrasound probe is 
used to identify the pectoralis major and minor muscles 
before a long- acting local anesthetic is injected into the 
fascia between the two muscles. This nerve block involves 
the lateral pectoral nerve and the medial pectoral nerve. 
The Pecs type I block is effective for breast expander 
placement during reconstructive breast cancer surgery and 
subperctoral prosthesis, but does not provide analgesia for 
procedures that involve the axilla including axillary dis-
section and radical mastectomy [1]. The Pecs type II block 
divides the dose of local anesthetic in order to infiltrate 
two fascial compartments. One injection is placed between 
the pectoral major and minor muscles and the other is 
placed between the pectoralis minor and serratus anterior 
muscles. This technique provides anesthetic coverage to 
both the pectoral compartment including the pectoral 
nerves and to the axilla compartment including intercostal 
nerves. The serratus anterior plane block was later discov-
ered as a more lateral approach than the Pecs I and II 
blocks. One of two methods is used to identify and inject 
the compartment between the serratus anterior and latissi-
mus dorsi muscles which includes the intercostobrachialis 
nerves, long thoracic nerve, and thoracodorsal nerve [2].

In the past, thoracic epidural analgesia (TEA) or para-
vertebral blocks (PVB) have been used for extensive upper 
abdominal procedures [1]. TEA has long been considered 
to be the “gold standard” of providing acute pain manage-
ment following thoracic and upper abdominal surgeries. 
However, it has been associated with many increased risks, 
including neurologic injury to the spinal cord from hemor-
rhagic and infectious etiologies. This technique usually 
involves catheter placement and infusion of a local anes-
thetic combined with epidural opioids using needle punc-
ture guided by anatomic landmarks [3]. PVB is an 
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ultrasound-guided technique where the spinal nerves are 
blocked as they emerge from the intervertebral foramen by 
injecting anesthetic into the space adjacent to the verte-
brae. This method has comparable pain relief to TEA while 
allowing for unilateral analgesia, often resulting in less 
adverse effects making it a popular alternative to TEA pro-
cedures [4]. What makes TEA and PVB techniques imprac-
tical for most chest wall surgeries, however, is the high 
number of complications that result in increased hospital 
stay for day surgery patients [5].

Overall, chest wall blocks have demonstrated more 
advantages and fewer disadvantages when compared to a 
multimodal approach, TEA, and PVBs, See Table 1. Chest 
wall blocks have provided an increased duration of analge-
sia, reduced postoperative morphine consumption, decreased 
side effects and complications, and increased patient satis-
faction. These procedures have been innovative in allowing 
patients to be properly treated with analgesia for procedures 
and operations which only require a one-day stay in the hos-
pital. They have few contraindications and little restrictions 
with regards to a patient’s daily medications, including anti-
coagulants. Chest blocks have also essentially eliminated the 
risk of posterior midline anesthetic spread and subsequent 
hypotension. In this chapter, therefore, we discuss the details 
of chest wall blocks, anatomy or the pectoral and axillary 
regions, thoracic wall blocks, analgesic potential of pecs 
blocks and clinical applications of pecs block.

2  Anatomy of Pectoral and Axillary 
Regions

2.1  Skin

The skin over the chest wall consists of a thin outer layer 
(1—3 mm). The main anterior landmarks of the chest are 
the nipple and sternal notch [7]. Along the sternum 
marks the mid-sternal line which is located from the 
sternal notch down to the xiphoid process and extends 
through the linea alba to the umbilicus. The lateral ster-
nal line can help identify the internal thoracic artery 
because it runs along the inside of the chest wall and is 
lateral to the lateral sternal line. The mid- clavicular line 
is drawn through the middle of the clavicle and this ana-
tomic landmark runs medial to the nipple and areola [8]. 
See Fig. 1.

2.2  Subcutaneous Fat Forms

These structures are a lipid coat of varying thickness which 
line the entirety of the chest. In comparison to muscle, it is 
hypoechoic on ultrasound and is made of lobules separated 
by bands of connective tissue. These structures are highly 
malleability and very clearly visible when the tissues are 
compressed with a transducer [7].

Table 1 The primary uses, advantages, and disadvantages of various analgesic techniques for procedures involving the chest wall and thorax

Technique Use Advantages Disadvantages
Multimodal 
approach

Acute pain control No operative risks High side effect profile (Nausea, vomitting, 
respiratory depression, urinary retention, constipation) 
Limited pain relief and patient satisfaction

TEA Acute pain after thoracic surgery, 
abdominal surgery, and rib fractures

Superior perioperative analgesia 
compared to parental opioids

Bilateral analgesia only

Less side effects than parental 
opioids

High side effect profile (Nausea, vomitting, 
respiratory depression, urinary retention, constipation)

Single injection Risks/Complications: unsuccessful catheter 
placement, dural puncture, postoperative radicular 
pain, peripheral nerve lesions, pleural puncture, 
pneumothorax, and rarely hemorrhagic and infectious 
complications
Not appropriate/cost effective for day surgery 
operations
Use of anatomical landmarks with no sonographic 
assistance
Restrictions on the use on anticoagulants

PVB Perioperative and postoperative 
analgesia for surgical procedures of 
chest wall, thorn, and abdomen

Comparable analgesia to TEA 
procedure

Not appropriate/cost effective for day surgery 
operations

Ulilateral analgesia option Risks/Complications: hypotension, epidural spread of 
local anesthetic, brachial plexus spread, pleural 
puncture, pneumothorax, vascular puncture, bleeding, 
infection, nerve injury

Performed with use of anatomic 
landmarks or ultrasound guidance

Restrictions on the use on anticoagulants
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2.3  Muscle

The third layer of the chest is comprised of a complex set 
of muscles with variable features. The anatomy of these 
muscles does not differ in appearance of striated muscles 
in other anatomical regions. Some of the muscles have 
insertion in the form of a tendon [7]. The superficial mus-
cles of the chest wall are the pectoralis major, the pectora-

lis minor, the subclavius and the serratus anterior. The 
pectoralis major muscle begins at the medial clavicle and 
lateral sternum and inserts on the humerus at the lateral lip 
of the bicipital groove. The major action of the pectoralis 
major is felxion, adduction, and medial rotation of the arm 
[9]. The pectorals minor begins near the costal cartilages at 
the third to fifth ribs and inserts on scapula at the medial 
border and superior surface of the coracoid process [9]. 
The serratus anterior runs along the anterolateral chest 
wall functioning to rotate the scapula [9]. The subclavius, 
latissimus dorsi, serratus posterior and abdominal wall 
muscles are muscles that also attach to the thoracic skele-
ton [9]. Each intercostal space contains three layers of 
muscle. The outermost external intercostal muscles are 
obliquely arranged in an anteroinferior direction function-
ing to elevate the ribs. The deeper internal intercostals are 
obliquely oriented in a posteroinferior direction function-
ing to depress the ribs. The innermost intercostals are a 
thin layer of muscle arranged similar to the internal inter-
costals. The transversus thoracis muscle located deep to 
the intercostal neurovascular bundles attaches to the infe-
rior sternal body and to the posterior surface of the xiphoid 
process [8]. See Fig. 2.

Table 1 (continued)

Technique Use Advantages Disadvantages
Single or multiple one time 
injections
Less side effects than TEA
Fewer incidents of pneumothorax, 
total spinal anesthesia, and 
vascular injury

Chest wall 
blocks:

Perioperative and postoperative 
analgesia for surgical procedures of 
chest wall and thorax:

Increased duration of analgesia Absolute need for linear ultrasound probe

  (A) Pecs 
I

  (A) Breast surgeries, chest tubes, 
pacemaker implantation

Reduced postoperative morphine 
consumption

Risk of nerve injury, vascular injury, pleural puncture, 
pneumothorax, local anesthetic toxicity, upper limb 
fistula

  (B) Pecs 
II

  (B) Radical mastectomies, 
axillary clearance

Decreased side effects of nausea, 
vomiting, respiratory depression, 
urinary retention, and constipation

Relatively limited data reports on effectiveness/
outcomes of chest wall blocks

  (C) 
Serratus 
Anterior

  (C) LD flaps, intercostal drains Unilateral analgesia possible

Axillary region analgesia possible
Lower visual analog pain scores 
and increased patient satisfaction
Few complications reported in 
literature
Appropriate and cost effective for 
day care procedures
Eliminates risk of posterior 
midline spread and subsequent 
hypotension
Less restrictions on the use on 
anticoagulants
Few contraindications

Adapted from Refs. [1, 3, 4, 6]

Fig. 1 Transverse section of the chest wall, showing its anatomy: F—
subcutaneous fat, M – muscle, R—rib, C—cartilage, arrows—the skin
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2.4  Cartilages and Bones

2.4.1  Ribs
There are 12 ribs noted in the thoracic wall. The first 7 ribs 
are known as “true ribs” because they connect directly to the 
sternum and manubrium. Ribs 8 to 10 are known as “false 
ribs” because they connect to the sternum via costal carti-
lages that connect together to form a single indirect connec-
tion. Ribs 11 and 12 are known as “floating ribs” because 
they have no attachment to the sternum. Their anterior 
extremity lies freely in the posterolateral abdominal wall 
sternum [8].

2.4.2  Sternum
The sternum is made up of 3 bones including, from superior 
to inferior, the manubrium, sternal body, and xiphoid process 
[8].

2.4.3  Sternoclavicular Joints
The sternoclavicular joint is the joint between the manu-
brium and the clavicle bone [8].

2.4.4  Scapula
The scapula is also known as the shoulder blade. It connects 
the humerus with the clavicle [8].

2.4.5  Vascular Network of Chest Wall
The thoracic wall is served by many arteries and veins. The 
first six anterior intercostal arteries stem directly from the 
internal thoracic artery. The remaining branch off the muscu-
lophrenic artery. The superior intercoastal artery branches 
into the two posterior intercostal arteries branch in the first 
two intercostal spaces and the remainder posterior intercos-
tal arteries are branches of the descending thoracic aorta. The 
anterior intercostal veins return blood to the internal thoracic 
and musculophrenic veins. The posterior intercostal veins 

return blood to the azygos and hemiazygos veins [8]. See 
Fig. 3.

2.4.6  Spinal Nerves of Thoracic Wall
The intercostal nerve originates at the ventral primary rami 
of spinal nerves T1–T11. Its branches include the lateral and 
anterior cutaneous branches. Motor innervation of intercos-
tal nerves includes intercostal muscles, abdominal wall mus-
cles (via T7 to T11), and muscles of the hand and forearm 
(via T1). Sensory innervation of the intercostal nerves 
includes the anterolateral skin of the chest and abdomen, as 
well as the skin of the upper limb on the medial side (via 
T1–T2). Intercostal nerves travel below the posterior inter-
costal artery in the costal groove.

Subcostal nerves originate at the ventral primary ramus 
of T12. They branch into lateral cutaneous branches and 
anterior cutaneous branches. Motor innervation of sub-
costal nerves includes muscles of the abdominal wall. 
Sensory innervation of subcostal nerves includes skin of 
the anterolateral abdominal wall. The subcostal nerve is 
equivalent to a posterior intercostal nerve found at higher 
thoracic levels [8].

2.4.7  Thoracic Lymph Nodes
Main lymph nodes of the thorax include the anterior medias-
tinal nodes which course along the brachiocephalic vessels 
and aorta. Axillary nodes are appropriately named as they are 
found in the axilla. Hilar nodes are found at the hilum of the 
lungs and supraclavicular nodes are found in and around 
carotid sheath below the level of the omohyoid muscle. 
Infraclavicular nodes are found along the cephalic vein in the 
deltopectoral groove. Intercostal nodes are found near the 
heads of the ribs, pectoral nodes are found in the lateral bor-
der of the pectoralis major along the path of the lateral 

Fig. 2 Longitudinal section – intercostal space (“bat sign): F – subcu-
taneous fat. ICE  – external intercostal muscle, R  – ribs, horizontal 
arrows – internal intercostal muscle, upwards arrow – pleura

Fig. 3 Longitudinal section over the upper aspect of the scapula (S): 
TM—trapezius muscle, SM  – supraspinatous muscle; spina of the 
scapula—arrows
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 thoracic vessels, and phrenic nodes on the thoracic surface of 
the respiratory diaphragm [8].

2.4.8  Endothoracic Fascia and Parietal Pleura
The border between the chest wall and the lungs is marked 
by the endothoracic fascia and the parietal pleura [7]. The 
endothoracic fascia is connective tissue lining the inner 
aspect of the chest wall. It is located between the parietal 
pleura and the muscles and bones of the thoracic wall. On 
ultrasound, in both normal and pathological conditions, it 
presents as a hyperechoic line with various artifacts visible 
deep to it [8].

3  Thoracic Wall Blocks

3.1  Pecs I and II Block

The PECS I block is a is aimed at blocking the medial and 
lateral pectoral nerves in the interfacial plane between pec 
minor and pec major. The ultrasound technique utilizes 
the sagittal plane below the lateral one third of the clavi-
cle, transverse to the body axis. The approach is supero-
medial to inferolateral direction of the needle. Usually if 
a rib is seen, it is rib 2. The needle is advanced in plane 
and the local anesthetic is deposited between pec major 
and pec minor. For the PECS II block, a local anesthetic is 
injected between pec minor and serratus anterior at the 
level of the third rib, deeper than PECS I.  The target 
nerves are the long thoracic nerve and intercostal nerves 
of the ribs. The ultrasound technique is much like PECS I 
with the probe being moved slightly caudal to visualize 
ribs 3 and 4. Once found the probe is rotated 90 degrees in 
a transverse plane and moved laterally keeping rib 3 in the 
middle of the view. The needle is introduced medially to 
laterally and local anesthetic is injected between pec 
minor and serratus anterior. About 10 cc local is used for 
PECS I while 20 cc local is used for PECS II. Complications 
are minimal to nonexistent. There is a risk of pneumotho-
rax if the needle is introduced into the pleural cavity. Also, 
trauma to the intercostal vessels and thoracodorsal artery 
are of concern but minimal with the use of ultrasound 
guidance [10]. See Fig. 4.

3.2  Serratus Anterior Block

The serratus anterior block is designed to block the intercos-
tal nerves as well as the long thoracic nerve and thoracodor-
sal nerve in order to provide pain relief to the anterolateral 
and part of the posterior chest wall. Much like the PECS II 
block, except more caudal and posterior. There are two vari-

ants of the block either superficial or dep depending on the 
pain control goal. The ultrasound technique is much like 
PECS II. The probe is moved more caudal and lateral at the 
midaxillary line. The goal is to keep the fifth rib in the mid-
dle of the screen and the needle is introduced anteromedial to 
posterolateral. The injection is then placed superficial or 
deep with 20 cc of local anesthetic while aiming towards the 
rib. Much like the PECS II block, pneumothorax is a poten-
tial complication [10]. This block is utilized for thoracic and 
upper abdominal procedures especially in the case of flail 
chest and other chest trauma. One must be skilled in ultra-
sound visualization of the needle tip to prevent this 
complication.

3.3  Interpleural Block

An interpleural block is done when local anesthetic is 
injected into the pleural plane between the two layers of the 
pleura. The risk of pneumothorax is a little bit greater with 
this technique, even using ultrasound. In addition, adhesions 
and infection are also among the risks reported. The ultra-
sound technique is much like the other blocks described. The 
probe is placed in a transverse orientation at the midaxillary 
line at ribs 5 and 6. The pleura is viewed as a shiny white line 
below the intercostal membrane. A saline technique is used 
as the needle breaches the parietal pleura. Since the space 
has negative pressure, the saline will flow freely into the 
potential space of the parietal pleura, much like an epidural 
technique using a loss of resistance syringe. A catheter can 
be placed in this space as well for continuous infusion. This 
block can be utilized for upper abdominal procedures and 
chest procedures including breast surgery, thoracotomy, and 
renal surgery [10].

Fig. 4 Anatomical ultrasound image of the pectoralis major/serratus 
anterior

Ultrasound-Guided Nerve Blocks for Chest



198

3.4  Intercostal Nerve Block

The intercostal nerves innervate the ribs and arise from the 
ventral rami of the thoracic nerve roots. The intercostal 
nerves contain both sensory and motor function and aid in 
respiration through innervation of the intercostal muscles. 
The nerve runs along the upper border of the rib below. The 
intercostal nerve block contains a band of pain control along 
the distribution of the nerve. The ultrasound technique is 
straightforward. The ribs are identified in a transverse plane 
with the ultrasound probe. The landmarks that are used are 
identifying either rib 2, 12, or the tip of the scapula at T7. 
The most ideal location to place the local anesthetic is about 
6–7 cm lateral to the spinous process of the given side. The 
local can be placed wither in plane or out of plane by 
hydrodissection. Under ultrasound is it important to continue 
to see the pleura gliding with respiration to know that a pneu-
mothorax has not been caused. About 3–5 cc of local anes-
thetic is enough.

3.5  Paravertebral Block

The paravertebral block is done on the posterior aspect of the 
patient at the midscapular line. The ultrasound probe is 
placed in the sagittal plane and moved medially until the 
paravertebral space is seen at the transverse process where 
the intercostal muscles disappear. The costotransverse liga-
ment is seen between the transverse processes. The local is 
injected in plane or out of plane into the costotransverse liga-
ment just before the pleura. The complications are like the 
other thoracic wall blocks, including pneumothorax and 
pleural puncture. The block is utilized for thoracic and breast 
surgery as well as multiple rib fractures [10]. There are many 
additives that can be utilized to prolong the duration of a 
regional nerve block. Magnesium is a novel additive that has 
been used successfully in PECS blocks to prolong the pain 
control aspects of the block [11].

4  Analgesic Potential of Pecs Blocks

4.1  Chest Wall Pain Syndrome

The mainstay of chest wall pain syndrome consists of singu-
lar or multiple localized areas of direct or referred chest pain 
as a direct result of injury or otherwise acute stress to the 
body. Specifically, it consists of a plethora of pathological 
etiologies that may or may not result in either acute or 
chronic pain, with estimates of total cost being approxi-
mately $8 billion per year surrounding 6 million people pre-
senting to nation-wide Emergency Departments with chest 
pain [12]. Specific etiologies surrounding patients presenting 

with acute chest pain consist of cardiac, pulmonary, gastroin-
testinal, neurological, bone, muscular, dermatologic, psychi-
atric, and extrathoracic disorders, among these 
costochondritis, postherpetic neuralgia, postthoracotomay 
pain, neoplasia, intercostal neuralgia, and myofascial pain 
being the most common [12]. The most common treatment 
modalities, depending upon symptom-specific history, phys-
ical examination, and workup, involve initial application of 
NSAIDs/COX-2 Inhibitors, ice, and heat, with specific treat-
ment algorithms dictating further treatment based upon 
recurrence or proper diagnostic workup [12]. Across a spe-
cific cohort study examining chest wall pain syndrome, 
Verdon et al found amongst 672 chest pain patient presenta-
tions, 300 cases ultimately were diagnosed with true chest 
wall pain syndrome, specifically being three times more fre-
quent in etiology than true cardiac pathology [13]. Further, 
they describe the redundancy among diagnoses of costo-
chondritis, anterior chest wall syndrome, atypical chest pain, 
and musculoskeletal chest pain syndrome, all of which are 
adequately described under a chest wall pain syndrome diag-
nosis. Among 24,620 primary care consultations, 44.6% had 
chest wall pain syndrome, 4% of thoracic pain being trau-
matic, 2.4% being diversified, 16% being cardiovascular dis-
ease, 11% being psychogenic pain, 10% being respiratory 
diseases, 8% being gastrointestinal disorders, and 4% having 
no specific diagnosis at 3-month follow up [13]. For the 
scope of this discussion, chest wall pain syndrome stemming 
specifically from intercostal neuralgia, traumatic rib injury, 
and post-operative thoracotomy pain modulation will be dis-
cussed in detail in addition to various analgesic techniques of 
which the Anesthetist may apply in a patient-specific and 
situationally appropriate manner.

4.2  Intercostal Neuralgia

Intercostal neuralgia simply describes pain which originates 
due to activation of the thoracic nerves based upon numerous 
etiologies and may be considered under the umbrella diagno-
sis of chest wall pain syndrome. It occurs most commonly 
post-thoracotomy, after rib trauma, during pregnancy, or 
after surgical stimulation of the intercostal nerves. Treatment 
involves a multidisciplinary approach involving both phar-
macological and non-pharmacological interventions depend-
ing upon the etiological diagnosis. Non-pharmacological 
approaches involve behavior therapy, psychological counsel-
ing, transcutaneous electrical nerve stimulation (TENS), and 
various acupuncture techniques aimed at nerve desensitiza-
tion and ultimately pain modulation. Initial pharmacological 
techniques involve anticonvulsants, such as Gabapentin 
100–300 mg PO and Pregabalin 50 mg PO, coupled with or 
without Lidocaine topical agents. Second line treatments 
involve administration of Tricyclic antidepressants such as 
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Amitriptyline, Nortriptyline, Imipramine, or Desipramine 
10–25 mg PO with increases of 25 mg every 2–4 weeks until 
adequate response is achieved. When neither non- 
pharmacological modalities nor pharmacological treatments 
achieve adequate pain control within this patient population, 
invasive treatment options may be pursued, consisting of an 
intercostal nerve block or paravertebral nerve block. If pain 
is still considered to be refractory, spinal cord stimulation, 
radiofrequency ablation, and surgical techniques may then 
be pursued [14].

Of specific use to the Anesthetist, thermal radiofrequency 
ablation (RFA) has been noted to be particularly useful 
amongst patients with intractable intercostal neuralgia. One 
specific case report noted that RFA completely resolved 
intercostal neuralgia in 2 specific patients post-lumpectomy 
and with concurrent esophageal carcinoma and non-small 
cell lung cancer. During image-guided RFA, medium fre-
quency alternating current induces neural cell death via 
coagulation necrosis after initial nerve identification with 
local nerve block. The authors do note that this invasive tech-
nique is not without possible complications, of which include 
site infection, bleeding, possible pneumothorax via lung 
puncture, headaches, and neuroma formation. Within inter-
costal neuralgia, RFA techniques provide promising longer- 
term pain relief with avoidance of many adverse side effects 
involved in classic pharmacological treatments- renal dam-
age, significant sedation, constipation, addictive potential, 
and gastrointestinal bleeding with overall decreases in respi-
ratory complications, chronic postthoractomay pain (dis-
cussed further), and overall disability, all of which hold 
significant economic, medical, psychological, and financial 
effects [15].

4.3  Traumatic Rib Injury

Blunt force chest trauma resulting in rib fracture injuries is a 
significant cause of morbidity and mortality in the United 
States, with each subsequent rib fracture increasing the over-
all likelihood of complication development, the most con-
cerning of which noted as “Flail Chest” development. 
Overall chest wall trauma focuses on surgical fixation where 
appropriate, chest physiotherapy, respiratory care, early 
mobilization, and combinations of effective analgesic tech-
niques to ensure adequate respiration and pain modulation 
[16]. Within this patient group, epidural anesthetic adminis-
tration in those with three or more rib fractures was found to 
have superior analgesic effects without decreases in respira-
tory function secondary to pain with overall reduction in 
mortality, due to pneumonia development or complications 
surrounding mechanical ventilation, versus IV narcotic PCA, 
lidocaine patch administration, or intercostal and paraverte-
bral nerve blocks [16, 17]. Furthermore, overall respiratory 

factors such as tidal volume and minute expiratory volume 
parameters in addition to arterial oxygen pressure and arte-
rial pH was found to be better in those patients receiving 
epidural administration [18]. It should be noted that intercos-
tal nerve blocks showed more adequate pain control for ini-
tial rib fracture management versus conventional medications 
(IV narcotics/ PCA) with reduction in respiratory complica-
tions and overall mortality although overall pain modulation 
was found to decrease over time and thus additional pain 
control measures must be considered in comparison of these 
two modalities [19].

4.4  Post-Operative Thoracotomy

The pain associated with postoperative thoracotomy can be 
both debilitating and present unique difficulties in pain man-
agement. This stems from surgical stimulation resulting in 
peripheral sensitization, via A-delta and C nerve fibers, with 
subsequent central sensitization via changes in spinal dorsal 
horn neurons. Achieving intercostal nerve blockade is cur-
rently the primary component for effective nociceptive stim-
uli modulation versus an epidural approach [20].

The use of intercostal cryoanalgesic techniques in combi-
nation with IV PCA administration versus IV PCA pain 
modulation alone have been studied, specifically as it relates 
to respiratory function and subsequent patient morbidity. It 
was found that up until 2  months post-op, patients who 
received a combination treatment of both intercostal nerve 
cryoablation therapy in addition to IV PCA postoperatively 
had overall reductions in morphine consumption, optimized 
blood gas pH, increases in FEV1 and FVC values, as well as 
reduction in nausea, numbness, epigastric distention, and 
back pain incidence, and therefore should be considered as a 
highly effective treatment modality within this patient sub-
group [21]. Of significant note, FEV1 values were restored at 
2 months post-op to nearly preoperative values, a finding of 
which directly may impact patient recovery time and overall 
morbidity and mortality as a whole [21].

When examining various modalities to achieve intercostal 
nerve blockade in patients having undergone thoracotomy, 
specifically extrapleural vs interpleural continuous analgesic 
infusion, cryoanalgesia, or direct intercostal nerve blockade, 
it was found that while interpleural continuous infusion, 
cryoanesthesia, and direct intercostal blocks all play a sig-
nificant role in pain modulation, extraplueral pocket creation 
with continuous infusion is superior in effective pain control 
versus systemic narcotics alone, additionally found to be at 
least as good as epidural approaches [20], the currently most 
common method of postthoracotomy analgesia. This primar-
ily stems from extrapleural analgesia resulting in unilateral 
blockade, avoiding significant side effects of thoracic epi-
dural administration such as urinary retention (42%), nausea 
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(22%), itching (22%), and hypotension via sympathetic tone 
reduction (3%) [20].

4.5  Analgesic Techniques and Approaches- 
Ultrasound-Guided and Video-Assisted 
Intercostal Nerve Cryoablation

Both ultrasound-guided and port video-assisted approaches 
have been described within the literature as applicable 
approaches in achieving thoracic nerve cryoablation, 
although currently noted to be an underutilized modality in 
intractable chest wall pain. Within the ultrasound-guided 
technique, the pleura can be easily identified, the patient 
can be monitored during inhalation throughout the proce-
dure, and the safest approach for probe advancement can be 
achieved via visualization. Further, ultrasound allows for 
monitoring of acute events such as traumatic pneumothorax 
development. One noted downfall of this approach is the 
intercostal nerve cannot be visualized directly via ultra-
sound and thus probe placement just inferior to the inter-
costal groove with subsequent ice ball formation must be 
used to verify correct probe placement [22]. As it concerns 
a video- assisted approach in achieving intercostal nerve 
cryoablation, direct visualization of the cryoablation tar-
gets allow for the avoidance of repeated intercostal nerve 
blocks and epidurals, specifically circumventing potential 
pneumothorax, a plausible side effect classically associated 
with percutaneous blockade approaches. This approach 
allows for preservation of the pleura, a targeted and focused 
region to be ablated, and highly localized precision. This 
approach allows for a minimally invasive blockade to be 
achieved and avoids repetitive analgesic attempts in addi-
tion to reliance on long-term systemic pain pharmacother-
apy [23].

5  Clinical Applications of Pecs Block

The use of Pecs blocks has been described for various proce-
dures involving the anterior chest wall, see Table 2. The most 
common clinical application of Pecs block is to provide anal-
gesia for breast surgery. Pecs blocks have also been utilized 
in other procedures, including cardiothoracic surgery, ortho-
pedic surgery, rehabilitation, as well as chronic pain 
management.

5.1  Pecs Block for Breast Surgery

Multiple studies have shown that Pecs blocks can provide 
effective analgesia for breast surgery, including mastectomy, 
lumpectomy, breast augmentation, and sentinel and axillary 

lymph node dissection [24–29]. In several randomized stud-
ies, combined Pecs 1 and 2 blocks decreased postoperative 
opioid consumption, pain scores, and hospital length of stay, 
while improving patient satisfaction when compared to no 
block [24–28]. Interestingly, in a randomized study where 
intercostal and Pecs blocks were performed by the surgeon at 
the end of the surgery, there was no difference in pain, opioid 
consumption nor quality of recovery when compared to 
sham block. This may suggest a benefit to performing Pecs 
blocks prior to incision. Despite the lower opioid consump-
tion associated with Pecs blocks, there is no consensus on its 
effect on postoperative nausea and vomiting (PONV), with a 
lower incidence of PONV in some studies [26, 28] and no 
effect in others [27, 30].

Pecs blocks can be combined with transversus abdomi-
nus plane blocks to provide pain relief after mastectomy 
with transverse rectus abdominus muscle flap surgery 
[31]. Although Pecs blocks are typically used for analge-
sia, there are case reports describing the use of Pecs 
blocks as surgical anesthesia for mastectomy in combina-
tion with dexmedetomidine sedation or additional local 
infiltration, thereby avoiding the need for general anesthe-
sia [32, 33].

In one randomized study by Ekinci et  al., the perfor-
mance of Pecs 1 block compared to no block for subpec-
toral breast augmentation resulted in lower opioid 
consumption and pain scores [34]. However, in a random-
ized controlled trial by Cros et al. of Pecs 1 versus sham 
block, there were no differences in opioid consumption or 
pain scores [35]. In a subgroup analysis of patients under-
going major breast surgery, there was a statistical, but not 
clinically significant difference in pain scores of 3 [range: 

Table 2 Clinical applications of pecs blocks

Breast surgery
Mastectomy
Lumpectomy
Breast augmentation
Tissue expander
Sentinel/axillary lymph node dissection
Cardiothoracic surgery
Pacemaker/defibrillator implantation
Trans-subclavian transcatheter aortic valve replacement
Sternotomy
Video-assisted thoracic surgery
Chronic post-thoracotomy pain
Other
Clavicle fracture
Acromioclavicular dislocation
Sentinel/axillary lymph node biopsy for malignant tumors of upper 
extremity
Port catheter placement or removal
Physical rehabilitation for pectoralis major muscle or latissimus 
dorsi muscle contracture
Post-herpetic neuralgia of anterior chest wall
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0–4] in the Pecs group vs. 4 [2–5] in the control group 
(p = 0.04) [35]. In a direct comparison of Pecs 1 to Pecs 2 
block in patients undergoing modified radical mastec-
tomy, Pecs 2 block was found to provide superior analge-
sia compared to Pecs 1 block alone [36]. These studies 
suggest an analgesic limitation of performing Pec 1 block 
alone. This is not surprising since the Pecs 1 block only 
blocks medial and lateral pectoral nerves, which do not 
provide sensory innervation to the breast.

In a 2018 meta-analysis, Pecs blocks were found to be 
superior to paravertebral blocks in decreasing intraopera-
tive opioid requirements [29]. However, paravertebral 
block was superior to Pecs block in reducing opioid con-
sumption in the first 24 hours after surgery. Notably, para-
vertebral blocks were associated with a higher 
complication rate, with 2 cases of pneumothorax in the 
paravertebral studies compared to no complications in the 
Pecs block group. Although paravertebral block decreases 
the incidence of chronic post- mastectomy pain (CPMP) 
[37], Pecs block has not been shown to decrease CPMP 
[38, 39]. Pecs blocks may, however, have a role in the 
treatment of CPMP [40].

5.2  Pecs Block for Cardiothoracic Surgery

The use of Pecs blocks has also been described for several 
cardiothoracic surgeries. Kaushal and colleagues compared 
Pecs blocks, serratus anterior plane blocks, and intercostal 
nerve blocks for postoperative pain control in 108 pediatric 
patients undergoing cardiac surgery via thoracotomy [41]. In 
this prospective, randomized study, those who received Pecs 
blocks and serratus anterior blocks had lower pain scores and 
lower opioid consumption postoperatively than those who 
received intercostal nerve blocks. Pecs blocks and serratus 
anterior blocks provided equally effective analgesia in this 
patient population.

There are several case reports utilizing Pecs blocks for 
other cardiothoracic procedures. A Pecs 1 block combined 
with intercostal block was used for procedural anesthesia for 
pacemaker and defibrillator implantation [42]. Pecs 1 block 
with Pecs 2 block catheters provided effective postoperative 
pain relief after aortic valve replacement via median ster-
notomy [43]. In addition, Pecs 1 blocks can provide adequate 
anesthesia for trans-subclavian transcatheter aortic valve 
replacement when combined with dexmedetomidine seda-
tion [44]. A combination of Pecs 1, Pecs 2, and serratus ante-
rior plane block can provide surgical anesthesia for awake 
video-assisted thoracic surgery (VATS) thus preserving 
spontaneous ventilation [45]. Pecs 2 blocks with serratus 
anterior plane blocks have also been used in the treatment of 
chronic post-surgical pain after VATS [46] and open thora-
cotomy [47].

5.3  Other Clinical Applications of Pecs 
Blocks

There is a wide variety of other clinical applications of Pecs 
block, including orthopedic surgery, rehabilitation, as well as 
cancer and chronic pain management. Since the lateral pec-
toral nerve contributes to innervation of the lateral and ante-
rior clavicle, Pecs blocks can provide analgesia for patients 
with middle third clavicle fractures or acromioclavicular dis-
locations [48]. In a patient with frozen shoulder and contrac-
tion of the pectoralis major muscle, the addition of a Pecs 1 
blocks to an interscalene brachial plexus block was neces-
sary to manipulate the shoulder, as the contraction of the pec-
toralis major muscle limited shoulder adduction [49]. The 
thoracodorsal nerve blockade achievable with Pecs blocks 
can facilitate physical rehabilitation of patients with latissi-
mus dorsi muscle contraction, thus, enabling the patient to 
avoid surgical treatment [50].

Given the efficacy of Pecs blocks for axillary lymph node 
dissection in breast surgery, it is not surprising that Pecs 
blocks provide effective surgical anesthesia for sentinel and 
axillary lymph node biopsy for malignancy of the upper 
extremity [51]. Pecs blocks can also provide anesthesia for 
implantable central catheter port placement or removal [52]. 
Furthermore, Pecs 2 blocks have been used to treat acute 
zoster-associated pain and chronic post-herpetic neuralgia 
that affects the anterior chest wall [53, 54].

6  Summary and Conclusion

Various chest wall pathologies and necessary surgical proce-
dures comprise the etiology of the modern-day diagnosis of 
chest wall pain syndrome, which subsequently results in 
increased healthcare costs, repeated and recurring  procedures 
aimed at achieving analgesia, dependence on pain modulat-
ing pharmacotherapies, and increased morbidity and mortal-
ity of patients as a whole. Through various techniques of 
which have been discussed, achieving pectoralis nerve and 
serratus plane blocks provide promising results in reduction 
of thoracic chest wall pain, both initial and intractable. 
Specifically, through the use of these specific blockage tech-
niques, the use of thoracic epidural, paravertebral, intercos-
tal, and intrapleural blocks may be avoided when treating 
chest wall pain with various etiologies.

Through use of ultrasound-guided approaches, fascial 
layers may be specifically identified in order to perform 
interfascial analgesic injection for use over both the thoracic 
and abdominal walls. Chest wall local analgesic administra-
tion involves various approaches, all of which selected are 
patient specific, given history and likely etiology of the chest 
wall pain. As it specifically concerns ultrasound guidance, 
the Pecs I, Pecs II, and serratus anterior approaches are 
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becoming increasingly accepted as alternatives to more inva-
sive and timely pain management modalities. Specifically, 
the Pecs I block achieves hydrodissection of the fascial plane 
by separating the pectoralis major and minor muscles, with 
careful identification and localization of the thoracoacromial 
artery’s pectoral branch, ultimately resulting in blockade of 
the lateral and medial pectoral nerves. The primary goal of 
the Pecs II approach to achieving blockade is to provide ana-
gelsia by US-guided injection to both the pectoral nerves and 
under the pectoralis minor muscle via infiltration of two fas-
cial compartments. Of importance during local anesthetic 
administration, the pectoral nerves within the pectoral com-
partment and the intercostal branches of the axilla and chest 
should be ensured to have received adequate (both dose and 
localization) analgesia. During this approach the local anes-
thetic dose is equally divided between the fascial zones, thus 
requiring two injection sites. The serratus anterior plane 
block is achieved by localized analgesia injection within the 
anatomical compartment between the latissimus dorsi and 
serratus anterior muscles, within which sit the intercostobra-
chialis nerve, lateral cutaneous branches of intercostal nerves 
T3–T9, long thoracic nerve, and thoracodorsal nerve. During 
this approach, care is taken to localize and identify the thora-
codorsal artery that runs within the fascial plane between the 
latissumus dorsi and the serratus anterior muscles. This 
assists in analgesic injection approach while avoiding any 
significant procedural side effects when using ultrasound 
imaging.

The use of ultrasound-guided pectoralis and serratus ante-
rior nerve blockade serves as a less invasive technique with 
fewer associated side effects in controlling intractable chest 
wall pain, in addition to various applications within the peri-
operative period, versus those associated with thoracic epi-
durals, paravertebral, intercostal, and intrapleural blocks. 
Specifically, Pecs blocks via either approach were found to 
reduce morphine consumption within the first 24 hours post-
operatively in addition to pain scores within the first 12 hours 
versus the use of paravertebral blocks among patients having 
undergone mastectomy. The increased usage of these 
ultrasound- guided techniques, specifically surrounding 
breast and lateral thoracic wall surgery, have demonstrated 
their superior analgesic potential as minimally invasive, 
cost-effective reducers in overall morbidity associated with 
postoperative recovery, as well as their possible potential 
across a multitude of chronic pain syndromes.
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1  Introduction

Regional analgesia of the abdominal wall has evolved and 
gained popularity over epidural anesthesia with the increas-
ing use of minimally invasive laparoscopic techniques. 
Additionally, the increase in ambulatory surgery, an aggres-
sive postoperative anticoagulation regimen, multimodal 
approaches in pain management, and an emphasis on early 
ambulation have all been enhanced by the use of regional 
anesthesia. Abdominal wall blocks provide somatic analge-
sia by anesthetizing multiple small nerves or plexuses, 
rather than targeting specific nerve structures, and are best 
used as part of a multimodal analgesic regimen. Interestingly, 
these blocks depend more on volume than on concentration 
of local anesthetic. Commonly used techniques include the 
(trans abdominal plane) TAP block, ilioinguinal- 
iliohypogastric (II-IH) block, and the rectus sheath block.

Ultrasound guidance is now considered a gold standard 
for abdominal wall blocks, although landmark-guidance is 
still used by some physicians. For example, the TAP block 
aims to anesthetize some or all of the lower 6 thoracic spinal 
nerves (T7-T12) and II-IH (L1). The block can be performed 
either by using a landmark technique or with the aid of 

ultrasound. Landmark-guided TAP block is described as: 
the site of needle insertion is immediately anterior to latis-
simo iliac point (LIP) and just superior to the iliac crest, in 
the triangle of Petit. McDonnell et al. [3] recommend pene-
tration of the oblique muscle fascia represented as, seeking 
a double-pop as the end point for needle insertion whereas 
Rafi [4], on the other hand, recommends passing the needle 
tip over external lip of the iliac crest until a single pop is 
obtained. Ultrasound guidance has made this block more 
appealing because it improves the performance of the prac-
titioner and increases the rate of successful blocks.

Abdominal blocks are also attractive alternatives for epi-
dural anesthesia when performed with ultrasound guidance, 
as they can be performed during general anesthesia and in the 
supine position. Abdominal blocks can also be used to relieve 
visceral pain in patients undergoing surgery. However, inter-
individual variability in spread and efficacy of these blocks 
makes these blocks most useful as part of a multimodal anal-
gesic regimen. The abdominal wall is anatomically complex 
and small anatomical differences in needle tip placement can 
result in clinically significant differences between what seem 
to be otherwise similar techniques. In this manuscript we will 
discuss information regarding abdomen wall blocks, their 
advantages, disadvantages, recent advances in techniques, 
anatomy, indications, and complications for each block.

2  Anatomy of Abdomen

2.1  Transversus Abdominis Plane (TAP)

The lateral part of anterior abdominal wall consists of three 
layers of muscles: Tranversus abdominis (TA, inner most 
layer), the internal oblique (IO, middle layer) and the external 
oblique muscle (EO, outermost layer) (Fig.  1). The plane 
between the transversus abdominis and internal oblique mus-
cles is referred to as Transversus Abdominis Plane (TAP). The 
ventral rami of T7-T12 spinal thoracic nerves run in this plane, 
which are responsible for the segmental cutaneous nerve sup-
ply of abdominal wall and TAP block aims to anesthetize these 
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anterior rami. TAP block was first introduced by A.N. Rafi [5] 
in 2001 and is increasingly becoming popular as an effective 
adjunct for analgesia in abdominal and inguinal surgeries.

2.2  Transversalis Fascia Plane (TFP)

A conventional TAP block needs a posterior approach to anes-
thetize the lateral cutaneous nerves of T7-T12 nerves. However, 
it is challenging to perform a nerve block of the lateral cutane-
ous branches of subcostal and iliohypogastric nerves, necessi-
tating a different technique [17], and Transversalis Fascia Plane 
(TFP) block (Fig. 2) helps solve this problem.

Transversalis fascia (TF) is a thin aponeurotic membrane 
which is located between the inner surface of the transversus 
abdominis muscle (TA) and parietal peritoneum. In a TFP 
block, local anesthetic injected between the TA and TF will 
spread over the inner surface of the quadratus lumborum muscle 
(QL), blocking the proximal portions of the T12 and L1 nerves. 
This will produce a nerve block of both anterior and lateral 
branches of these nerves. TFP block targets the anatomical area 
between the lumbar plexus block and TAP block. During TFP 
block, similar to TAP block, the needle tip is directed just deep 
to the fascia of the TA, anterolateral to QL [18].

Rectus
abdominis

External oblique
muscle and
aponeurosis

Iliac crest

Transversus abdominis

Internal oblique

Latissimus Dorsi

Triangle of Petit

Fig. 1 muscular layers of 
anterior abdominal wall with 
spinal nerves in the plane 
between internal oblique 
muscle and transversus 
abdominis muscle. (Image 
courtesy- www.usra.ca)

Fig. 2 Transverse diagram through the abdomen above the iliac crest. 
The location of the local anesthetic (LA) across the anterior surface of 
the quadratus lumborum (QL) and behind the transversalis fascia (TF) 
is shown. The following muscles are involved: rectus abdominis (R), 
erector spinae (ES), psoas (PM), transversus abdominis (TA), internal 
oblique (IO), and external oblique (EO). (Reprinted by permission from 
Springer, Hebbard et al. [17])
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2.3  Structure of a Typical Thoracolumbar 
Spinal Nerve

Each spinal nerve divides into an anterior and a posterior 
primary ramus after they exit from the intervertebral fora-
men. The anterior ramus branches into lateral and anterior 
cutaneous nerves, while the posterior ramus travels back-

ward. The anterolateral abdominal wall is primarily inner-
vated by the anterior rami of the T6-L1 thoracolumbar spinal 
nerves, which become the intercostal (T6- T11), subcostal 
(T12), and ilioinguinal/iliohypogastric nerves (L1). These 
branches further communicate at multiple locations around 
the rectus sheath forming intercostal, upper TAP, lower TAP 
and rectus sheath plexus [19] (Fig. 3a, b).
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Transversus abdominis

Lateral cutaneous branch

Rectus abdominis Linea alba

Anterior cutaneous branch

Psoas major
Anterior primary ramus

Quadratus
lumborum

Latissimus dorsi

Erector spinae

Posterior primary ramus

a

b

Lateral cutaneous
branches of T6-11

Lateral cutaneous
branches of T12
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T7

T8

T9
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L1

Anterior cutaneous
branches of thoracic
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iliohypogastric nerve
(L1)
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Fig. 3 (a) A representation  
of the pathway of the 
thoracolumbar spinal nerves 
(T12). This view of the left 
abdomen is cross-sectional. 
The anterolateral wall is 
supplied by the anterior ramus 
of the segmental nerves, 
which is further divided into 
anterior and lateral cutaneous 
branches. (b) The segmental 
distribution of cutaneous 
nerve on the anterolateral 
trunk. (Image courtesy- 
Hsiao-Chien Tsai et al. [31])
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Anterior rami of T7-T12 nerves pass between internal 
oblique muscle (IO) and TA in TAP, piercing through rectus 
abdominis and form the anterior cutaneous branches which 
innervate the anterior abdominal wall from midline to midcla-
vicular line. Anterior rami of T12 (subcostal nerve) crosses QL 
before entering TAP. While T6-T8 nerves supply the area below 
the xiphoid and parallel to the costal margin, T9-T12 nerves 
supply the periumbilical area and the lateral abdominal wall 
between the costal margin and iliac crest and L1 nerve supplies 
the anterior abdomen near the inguinal area and thigh [20]. The 
iliohypogastric (T12, L1) and ilioinguinal nerves (L1) are the 
terminal branches of lumbar plexus. These nerves emerge at lat-
eral border of psoas major muscle and pass anterior to QL. They 
pierce lumbar fascia at the lateral border of QL and run in the 
plane between IO and TA.  The iliohypogastric nerve further 
passes through IO and runs under external oblique muscle (EO), 
superior to the inguinal canal. Both these terminal branches 
innervate the skin of gluteal region, hypogastric region, upper 
medial part of thigh. They also innervate anterior scrotum in 
males and skin over mons pubis and labia majora in females.

The lateral cutaneous branches emerge near the angle of rib 
posteriorly. The lateral cutaneous branches of T7-T11 nerves 
then divide into anterior and posterior branches: the anterior 
branches supply the abdominal wall toward the lateral margin of 
rectus abdominis, and the posterior branches run posteriorly to 
supply the skin over latissimus dorsi. However, the lateral cuta-
neous branch of T12 nerve continues without any further bifur-
cation and supplies a part of the gluteal region. The subcostal 
and iliohypogastric nerves pass deep to the anterior surface of 
QL, which extends from 12th rib to iliac crest.

Since the lateral cutaneous branches of these thoracolum-
bar spinal nerves leave TAP posterior to the midaxillary line, 
a posterior approach may allow the TAP block to capture 
these nerves before entering the TAP where they undergo 
extensive branching and anastomoses. Most of the lateral 
cutaneous branches arise before the main spinal nerves enter 
TAP. This approach also has the potential to provide some 
degree of analgesia to lateral abdominal wall [11]. Other 
advantages of the posterior compared to the lateral technique 
include prolonged analgesia [21] and retrograde spread of 
the drug into paravertebral space [22].

L1 branches, which divide into ilioinguinal and iliohypo-
gastric nerves, pass into TAP near the anterior part of the 
iliac crest. In pediatric cases, a direct ilioinguinal/iliohypo-
gastric nerve block provides better analgesia for inguinal 
hernia surgeries than the TAP block [23].

2.4  Anatomy of Quadratus Lumborum 
Muscle (QL) and Thoracolumbar  
Fascia (TLF)

The quadratus lumborum muscle is a part of the posterior 
abdominal wall and is a continuation of transversus abdomi-
nis muscle. Quadratus lumborum muscle (QL) block is the 
extension of TAP block towards the dorsal region and 
involves an injection of a local anesthetic into the thoraco-
lumbar fascia (TLF) (see Fig. 4). QL block in a single shot 
has the advantage of covering all the dermatomal segments 
from L2 to T4 segments as the drug is expected to travel from 

PM
Anterior

Posterior

QL
Lateral

Fig. 4 Anatomic view of 
quadratus lumborum (QL) 
block (anterior, lateral, and 
posterior). The lateral QL 
block injects the local 
anesthetic at the lateral to the 
QL muscle. The posterior QL 
block injects the local 
anesthetic at the posterior to 
the QL muscle. The anterior 
QL block injected the local 
anesthetic between the PM 
muscle and the QL muscle. 
QL quadratus lumborum 
muscle, PM psoas major 
muscle, and gray line 
transversalis fascia. (Image 
and caption are used with 
permission, Hironobu 
Ueshima et al. [28])
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the QL to higher paravertebral spaces. Many cadaver studies 
as well as imaging studies with dye have confirmed the 
spread of the anesthetic drug cranially up to lumbar nerve 
roots [24], paravertebral space [1], somatic nerves and tho-
racic sympathetic trunk in paravertebral spaces [25].

TLF is a sheet of fused aponeuroses and fascial layers 
that encases the muscles of the back extending from tho-
racic to lumbar spine. TLF is attached to the thoracic and 
lumbar vertebrae on its medial side, it continues with endo-
thoracic fascia and fascia iliaca in the cephalic and caudal 
directions respectively. Local anesthetic drug spreads along 
the TLF and the endothoracic fascia into the paravertebral 
space, and is partly responsible for analgesia by the QL 
block [26]. Additionally, in the superficial layer of TLF, 
there is a thick network of sympathetic neurons and there 
are high- threshold and low-threshold mechanoreceptors 
and pain receptors sensitive to effects of the local anesthet-
ics in TLF. These receptors may play a role in the develop-
ment of both acute and chronic pain. QL block analgesia 
could at least partially be explained by the blockade of 
these  receptors [27].

TLF is divided into 3 layers (anterior, middle, and poste-
rior) around the muscles of the back. The anterior layer is 
anterior to QL, which also blends medially with the fascia of 
psoas major (PM) medially and with transversalis fascia lat-
erally (see Fig.  5). Hence an anterior QL block includes 
injecting the drug between PM and QL muscles and the 
space between these muscles contain branches of lumbar 

plexus. Injection between the anterior layer of TLF and QL 
can reach the lower thoracic paravertebral space posterior to 
the endothoracic fascia [28]. The middle layer is located 
between QL and erector spinae muscles forming the site of 
injection for a posterior QL block, specifically into a space 
called lumbar interfascial triangle (LIFT), an area between 
middle fibers of TLF and paraspinal reticular sheath at the 
lateral border of erector spinae. The posterior layer of TLF 
encloses the erector spinae. Compared to TAP block, QL 
block carries an advantage of widespread coverage [14] and 
thereby leading to superior analgesia [29] for abdominal 
surgeries.

2.5  Lumbar Arteries

There are four paired lumbar arteries originating as postero-
lateral branches of the abdominal aorta on either side, at the 
level of L1-L4. These paired arteries course posterolateral to 
the vertebral bodies, then pass under the tendinous arches of 
PM and sympathetic trunks. After crossing QL, these arter-
ies enter the space between the TA and IO muscles (see 
Fig. 6). Lumbar arteries form anastomoses with lower inter-
costal, subcostal, iliolumbar, deep circumflex iliac, inferior 
epigastric and contralateral lumbar arteries. A fifth pair of 
lumbar arteries may be occasionally present, typically 
smaller in caliber, arising from the median sacral artery 
[30]. See Fig. 7.
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(3)

(2)

(1)

Fig. 5 Anatomic view of the 
thoracolumbar fascia (TLF) 
highlighted in black. The TLF 
is divided into 3 layers 
(anterior (1), middle (2), and 
posterior (3)). QL quadratus 
lumborum, ES erector spinae, 
and PM psoas major. (Image 
courtesy – Hironobu Ueshima 
et al. [28])

Ultrasound Guided Nerve Blocks for Abdomen



210

3  Abdominal Wall Blocks

3.1  TAP Block

TAP block provides analgesia to the anterolateral abdomi-
nal wall. Classic TAP block technique, as was originally 
described by Rafi [5], implied injection of a local anes-
thetic preparation into a potential anatomical space 
between the internal oblique and transversus abdominis 
muscles in the area of the triangle of Petit, utilizing land-
mark technique.

Since the emergence of the method in 2001, it has proved 
its efficacy, safety, and evolved in many ways. Advancement 
in ultrasound technology allowed for more precise injection 
and spread of local anesthetic and lead to development of 
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Fig. 6 Distribution of 
neurovascular structure in the 
anterolateral abdominal wall. 
(Image courtesy- Hsiao-Chien 
Tsai et al. [31])

Fig. 7 Anatomical ultrasound of the Quadratus lumborum
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multitude of modifications in order to improve the distribu-
tion of the anesthesia and duration of pain relief. Currently, 
ultrasound –guided TAP block with “in-line” needle inser-
tion is the gold standard of the procedure. A growing body of 
evidence supports the effectiveness of TAP block and its 
modifications for an array of abdominal surgeries both above 
and below the umbilicus including cesarean section, chole-
cystectomy, colectomy, prostatectomy, hernia repair and 
many others [6–8].

3.2  Nomenclature

Several TAP block modifications have emerged into practice 
in attempt to provide improved anesthetic coverage, how-
ever, well established and universally accepted nomenclature 
is still lacking. TAP block is a field block, thus the effect is 
mediated by wide spread of local anesthetic within the plane. 
Radiologic evaluation of the dye spread in several cadaveric 
studies revealed that there is more limited segmental nerve 
involvement than earlier though, when single approach is 
utilized [9, 10]. Thus, it is reasonable to categorize TAP 
block modifications based on the anatomical segments that 
are anesthetized. Subcostal (SCTAP) with its amended 
oblique subcostal version, posterior and lateral approaches 
are recognized (Fig. 1). Subcostal approach of the TAP block 
is believed to anesthetize the nerves around T6–T9. Lateral 
approach, with appropriate spread may block nerve roots of 
T10– T11 and cover the T12 distribution. Posterior TAP may 
extend the block to L1. (Table 1). All the above approaches 
can be used as a one single shot block, or combined consecu-
tive blocks comprising of 2 or all 3.

3.3  Lateral TAP Block

With the patient supine, the ultrasound probe is placed in the 
midaxillary line just above the umbilicus, between the iliac 
crest and costal margin (Fig. 7). Three muscle layers are then 

identified. It may be necessary to scan the abdomen horizon-
tally to identify rectus muscles first and then slide the probe 
laterally if the initial picture is not optimal and the structures 
are not easily visualized. Needle is then inserted at approxi-
mately 45-degree angle parallel to the long axis of the trans-
ducer on its medial side and advanced under constant 
visualization. Once needle reaches transversus abdominis 
muscle, it is then slowly withdrawn. When the tip of the nee-
dle is presumed to be in the plane between transversus and 
internal oblique muscles aspiration is performed. If aspira-
tion is negative the plane is hydrodissected. One should see 
hypoechoic, elliptic spread of the injectate along with the 
separation of the fascial layers. Otherwise the needle should 
be repositioned.

3.4  Posterior TAP Block

Posterior approach is similar to lateral, with the difference 
that the probe is relocated immediately posterior to the 
midaxilary line so that one could see the transverse abdomi-
nis muscle tailing off and forming aponeurosis (Fig. 7). The 
injection is performed superficial to aponeurosis. It has been 
proposed and demonstrated in several studies that posterior 
approach provides better spread, more extensive posterior 
coverage of analgesia and longer duration compared to lat-
eral alone [11].

3.5  Subcostal TAP Block

Since lateral and posterior TAP blocks provide analgesia 
only for abdominal surgeries below the umbilicus, subcostal 
approach (SCTAP) was developed in attempt to cover the 
upper abdomen for procedures extending supraumbilically. 
With patient supine, the probe is positioned close to the 
xiphoid process and parallel to the ipsilateral costal margin 
(Fig. 8a). Rectus muscle and transversus abdominis muscle 
are initially identified. Needle is then inserted in line with the 
probe pointing laterally and advanced until the tip reaches 
the fascia between 2 muscles, aiming to inject anesthetic 
medially to linea semilunaris.

Oblique subcostal block is a modification of the original 
single shot oblique approach. The block starts in a similar 
fashion as regular subcostal block, however after the plane 
between the muscles is hydrodissected and the pocket is cre-
ated, the needle is slowly advanced laterally and down along 
the imaginary oblique subcostal line under direct ultrasounds 
guidance (Fig.  8b). Dynamic injection is performed while 
the needle is being advanced. Longer needle and more vol-
ume of local anesthetic is usually required. This allows for 
more extensive spread and broader coverage.

Table 1 Variations of TAP blocks and corresponding nerve distribu-
tion area

Approach
Thoracolumbar 
nerves Supplied area

Lateral T10-T12 Infraumbilical part of anterior 
abdominal wall to midclavicular 
line

Posterior T9-T12 As above + lateral abdominal wall
Subcostal T6-T9 Upper abdominal wall above the 

umbilicus, parallel to the costal 
margin

Subcostal 
oblique

T6-L1 Entire abdominal wall
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The above-mentioned techniques can be combined and 
provide superior anesthesia for more extensive abdominal 
procedures involving both supraumbilical and infraumbilical 
territory (Table 1). So called dual TAP or four- quadrant TAP 
involves combination of SCTAP and Lateral/Posterior TAP 
unilaterally or bilaterally.

If prolonged anesthesia of the abdominal wall is required, 
continuous TAP block can be employed. This involves 
threading a perineural catheter into the TAP plane. More 
research is needed to fully validate this method.

3.6  Local Anesthetics and Complications

Amide-type anesthetics are widely utilized for TAP block 
with low concentration Bupivacaine (0.25%), 
Levobupivacaine or Ropivacaine (0.5%) being the most 
common options. Duration of action is typically 6–8  hrs. 
15–20 ml of LA needs to be injected at one site to provide 
adequate spread. Adjuncts may be added to achieve longer 
duration. Epinephrine, opioids, dexamethasone, to name a 
few. Liposomal bupivacaine was approved for several field 
blocks including TAP blocks and some studies demonstrated 
duration of action up to 72 hours [12].

TAP block is considered a low risk procedure. One should 
avoid high injection pressure (above 15  psi) to reduce the 
risk of nerve damage. Ultrasound guidance significantly 
decreases risk of serious complications; cases of inadvertent 
peritoneal puncture have been reported. Local anesthetic 
toxicity is a possible complication, thus low concentration of 
anesthetics should be utilized given the large volume nature 
of the block, especially if several injections are performed. 
Patients should be monitored for signs of systemic local 
anesthetic toxicity and lipid emulsion needs to be readily 
available. Excessive spread to lower extremity compartments 
can lead to temporary femoral nerve paralysis, however, is 
usually self-limited.

3.7  Quadratum Lumborum Block

While TAP block was proven to effectively block somatic pain 
in the area of anterolateral abdominal wall, the need for more 
extensive and wider anesthetic coverage continued to persist. 
In 2007, a new approach came out and was initially described 
as extension of TAP which would provide analgesia to the pos-
terior abdominal wall region along with anterior abdomen 
coverage [13]. Moreover, it was aimed to add visceral analge-
sic properties. The technique was later named Quadratum 
lumborum block (QLB) as quadratus lumborum muscle is the 
major ultrasound landmark for this procedure. Whereas thora-
columbar fascia is the cornerstone structure explaining the 
wide spread of the anesthetic, the exact mechanism of how the 
analgesia is produced is yet to be elucidated. It has been pro-
posed that the effect is partially mediated through the spread 
of the anesthetic into the paravertebral space or even epidural 
space. This could explain visceral analgesia. However, this 
remains controversial. Another possible explanation lies in the 
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Fig. 8 (a) Three most common approaches of ultrasound guided 
Transversus abdominis plane blocks. (b) Probe position for Subcostal 
oblique block
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light of anesthetic spread into intercostal space thus providing 
coverage for somatic nerves. Caudal spread may reach lumbar 
nerve roots, but this may vary and explains variations in the 
width of anesthesia reported by several authors. Most indica-
tions for QL block are overlapping with those for TAP block, 
including cesarean section, gynecologic procedures, abdomi-
nal surgery. Several reports of the block efficiency after percu-
taneous nephrolithotomy or nephrolithotripsy, nephrectomy, 
lumbar vertebrae surgery, femur surgery and vascular proce-
dures involving femoral vessels exist, however very limited 
data is available [14, 15]. More studies are required to support 
these hypotheses. Block is performed under constant ultra-
sound guidance.

3.8  Types of QLB and Technical Aspects

The procedure can be accomplished with patient in the 
supine position and the table slightly tilted to the opposite 
side for optimal exposure. Alternatively, patient can be 
placed in lateral position. The transversally oriented ultra-
sound probe is placed between iliac crest and costal margin 
along the middle axillary line. After identification of the 3 
abdominal muscles, the probe is slowly moved posteriorly 
until the muscles start fading and finally taper off into an 
aponeurosis. Quadratus lumborum muscle is then identified, 
just anterior to aponeurosis. Needle is inserted at 90-degree 
angle. After skin perforation, needle is then redirected in the 
selected direction based on the type of QL block being per-
formed. After reaching the desired location and negative 
aspiration test, incremental injection is performed while 
looking for separation of muscle and fascia.

Four types of QLB blocks have been described. Similar to 
TAP blocks, universally accepted terminology is yet to be 
developed. Quadratum lumborum block 1or lateral block 
involves deposition of local anesthetic on the lateral side of 
QL muscle where it lies adjacent to transversalis fascia 
(Fig.  9). Quadratum lumborum block 2 or posterior block 
involves deposition of the anesthetic between the posterior 
side of the QL muscle and thoracolumbar fascia (Fig.  9). 
Quadratum lumborum block 3 or anterior block implies 
deposition of the anesthetic near the front aspect of the mus-
cle at the level of its attachment to the L4 transversus  process. 
Spread should be visualized between QL muscle and Psoas 
major muscle (Fig. 9). When performing Quadratum lumbo-
rum block 4 or intramuscular block, anesthetic is deposited 
directly into the QL muscle. Different approaches signify 
various spreads and thus all four can be combined. The opti-
mal strategy remains subject of debate.

Another relatively new modality is the transversalis fascia 
plane block (TFP block), which was designed to produce 
block of the L1 nerve branches, the ilioinguinal and iliohy-
pogastric nerves. This approach is very similar to QLB, how-

ever, they were developed independently. Local anesthetic is 
deposited between the transversalis fascia and the fascia of 
the transversus abdominis muscle. The block may provide 
pain relief following anterior iliac crest bone graft harvest-
ing. More research is needed.

3.9  Local Anesthetics and Complications

Complications associated with abdominal wall blocks are 
relatively rare and can be divided into 3 main categories: 
needle or mechanical trauma, maldistribution of local anes-
thetic, and local anesthetic systemic toxicity (LAST) [2].

QL block, as well as TAP block, is a field or plane block. 
Therefore, a large volume of local anesthetic is required to 
achieve a desired effect. Total 20–30 mL of low concentra-
tion, diluted anesthetic is recommended to be administered 
unilaterally. The composition of the anesthetic preparation is 
similar to TAP block. Potential contributing factors for 
LAST in abdominal wall blocks include the use of relatively 
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Fig. 9 Cross-section of the abdomen at the level of L5 vertebra with 
ultrasound probe. QLB 1—injection location for QLB 1, QLB 2— 
injection location for QLB 2, QLB 3— injection location for QLB 3, 
QLB 4— injection location for QLB 4. 1—rectus abdominis muscle, 
2—external oblique muscle, 3—internal oblique muscle, 4 –transversus 
abdominis muscle, 5—psoas major muscle, 6—quadratus lumborum 
muscle, 7—erectores spinae muscle, 8—latissimus dorsi muscle

Ultrasound Guided Nerve Blocks for Abdomen



214

large injection volumes to ensure adequate spread and bilat-
eral blocks to cover midline incisions. While local anesthetic 
systemic toxicity is a concern, studies showed that end 
plasma concentration of the local anesthetic (ropivacaine) is 
significantly lower compared to that after TAP block, consid-
ering that equal amount of drug is given [16]. This signifies 
possible less vascular uptake compared to TAP block and 
theoretically lower risk of systemic toxicity.

There is a risk of needle trauma to the peritoneum and 
solid organs due to relative proximity to the kidney, liver, 
major blood vessels, thus adherence to constant needle visu-
alization under ultrasound is strictly encouraged. No neuro-
logical complications have been reported as no large neural 
tissue is present in the immediate proximity to the QL planes. 
See Figs. 10 and 11.

3.10  Rectus Sheath Block

Rectus sheath block entails deposition of local anesthetic 
into potential space between the rectus abdominis muscles 
and the posterior fascial layer of rectus sheath. The block is 
performed above the umbilicus on both sides of the abdomen 
and is helpful in providing supplementary or primary postop-
erative analgesia after umbilical hernia repair or other proce-
dures involving midline abdominal incision. Besides two 
rectus abdominis muscles and linea alba separating them, the 
inferior and superior epigastric vessels along with five infe-
rior branches of intercostal and subcostal nerves are situated 
within the sheath. Block is performed under ultrasound guid-
ance and large volume of local anesthetic is placed to achieve 
full anesthetic effect. Peritoneal and visceral perforation is 
possible thus tip of the needle should be constantly visual-
ized. Few case reports demonstrating prolonged pain relief 
with continuous rectus sheath block involving catheter place-
ment exist. However, limited data on the efficacy of the block 
is available.

A summary of type of block and corresponding derma-
tome can be found in Table 2.

4  Indications of Abdominal Wall Blocks

Selecting a prime candidate for abdominal wall blocks 
entails a thorough history and physical exam along with 
proper risk stratification of patients. The list below can be 
used to help physicians evaluate whether a patient is a good 
candidate for an abdominal block.

 1. Patient’s refusal for “spinal tap”
 2. Surgeon’s preference
 3. Superficial skin site infection or sepsis for placement of 

neuroaxial anesthesia
 4. Burn patients
 5. Prerenal hypovolemic state that is contraindicated for 

neuroaxial anesthesia
 6. Decompensated cardiac function (low EF, aortic 

stenosis)
 7. Bleeding diathesis
 8. Elevated Intracranial pressure, intracranial mass, trau-

matic head injury
 9. Patients at a high risk for postoperative nausea and vom-

iting (PONV)
 10. Obstructive sleep apnea patients at risk from increased 

opioid dosing. Patients with chronic pain and opioid 
tolerance

 11. Patients with Muscular Dystrophy (Duchenne Muscular 
Dystrophy, Beckers Muscular Dystrophy)

 12. Amyotrophic Lateral Sclerosis
 13. Demyelinating disorders (Multiple Sclerosis)

Fig. 11 TAP block anatomy with needle

Fig. 10 TAP block anatomy without needle
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 14. Patients at risk for Malignant Hyperthermia with Volatile 
Anesthetics (Muscular Dystrophy)

 15. Spinal deformities complicating placement of neuroax-
ial anesthesia

5  Summary and Conclusion

The 2016 ASA guidelines on ERAS and the American 
Society of Regional Anesthesia and Pain Medicine (ASRA) 
both state that the multimodal and interdisciplinary approach 
is recommended for control of acute pain and reducing noci-
ceptive transmission. Regional anesthesia fulfills this role 
and has an immense impact in current practice of modern- 
day anesthesia, that can be applied for various abdominal 
surgeries without much alterations in hemodynamic status. 
Abdominal wall regional blocks generally do not provide 
analgesia beyond anterior axillary line but when combined 
with blocks like Quadratus lumborum block, they provide 
excellent somatic and visceral analgesia. Anesthesia for 
supra umbilical incisions can be accomplished with subcos-
tal blocks, whereas laterally placed TAP blocks provide anal-
gesia for T10-T12 dermatome. With the evolution of less 
invasive and improved postoperative monitoring, regional 
anesthesia provides the anesthesiologist with a choice other 
than neuraxial anesthesia, for control of acute pain and 

avoiding potential complications associated with general 
anesthesia. This, most certainly, not only reduces patients’ 
systemic opioid requirements, decreasing side effects and 
FAST TRACKING patient in the post anesthetic care unit, 
but also avoid procedural complication from neuraxial 
anesthesia.

Recent advances in perioperative medicine and newer 
recommendations certainly support the use of safer multi-
modal anesthesia techniques. When presenting options for 
choice of anesthesia for abdominal wall surgeries, most 
patients consent and prefer regional anesthesia. These 
sophisticated techniques provide excellent surgical anesthe-
sia and a delivery system for postoperative pain control. 
Using local anesthetics and opioid in synergy avoids the 
increased need of postoperative medication and the potential 
for systemic drug toxicity. Despite all the added advantages 
and procedure benefit as listed above, thorough risk stratifi-
cations must be practiced when considering abdominal wall 
blocks. Although small, these procedures still involve risk of 
local anesthetic toxicity if given large volume of local anes-
thetic involved (LAST); especially if bilateral blocks are 
needed in surgeries involving midline or transverse incisions. 
Other potential complications may include mechanical 
trauma from needle, inadvertent intra peritoneal or intravas-
cular injection, visceral injury and injection site infection. 
With the use of ultrasound modality, inadvertent outcomes 

Table 2 Surgery, dermatome and type of block used

Surgery Dermatome Type of block
Laparoscopic cholecystectomy T7-L1 Rectus sheath block with right sided subcostal TAP block
Abdominoplasty T7-L1 TAP block (triangle of Petit). Additional of subcostal TAP 

block will provide supra umbilical coverage and anesthetize 
entire abdominal wall [1].

Open/laparoscopy appendectomy T10-L1 TAP block
Post cesarean section analgesia T7-L1 TAP block
Total abdominal hysterectomy L1 and blocks lateral and 

anterior cutaneous branches of 
the nerves; T10-L1

Bilateral ilioinguinal and iliohypogastric block, bilateral TAP 
block

Bowel resection T7-L1 TAP block
Renal transplant T7-L1 TAP block
Nephrectomy Flank incision: T9-T11

Thoracoabdominal incision: 
T7-T12
Transabdominal incision: 
T6-T10

TAP block complemented with paravertebral block

Prostate bladder and ureteral surgeries T7-L1 TAP block
Anterior iliac crest bone graft T10-L1

T12-L1
TAP block
Transversalis fascia block

Ileostomy, colostomy T7-L1 Combination of ilioinguinal. Iliohypogastric, rectus sheath and 
TAP blocks.

Exploratory laparotomy T7-L1 Bilateral rectus sheath and TAP block
Midline incision- bilateral block T7-L1 Bilateral rectus sheath and bilateral TAP block
Inguinal hernia, hydrocele, orchidopexy T12-L1 Ilioinguinal/iliohypogastric nerve block, TAP block
In children: midline incisions (umbilical 
hernia, pyloromyotomy, laparoscopic 
surgery, urachus cyst)

T7-T12 Rectus sheath block with right sided subcostal TAP block

Robot assisted prostatectomy T12-L1 TAP block
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could be avoided. Patients understanding of the procedure 
and cooperation can be limiting factor for the procedure suc-
cess. Some patients may even experience variable blocks or 
even block failure with need to convert to general 
anesthesia.

Absolute contraindications for regional anesthesia 
include, patient refusal and cooperation, signs of infection 
over the intended site of injection, coagulopathy and previ-
ous documented local anesthetics allergies. It may also be 
contraindicated to pursue regional anesthesia in uncoopera-
tive patients or pediatric patients, primarily in their inability 
to stay still while placing the block. Given the safety of 
evolving techniques that are now being employed in the 
abdominal wall surgeries along with knowledge of anatomy 
and procedural dexterity, these techniques are taking prece-
dence over neuraxial anesthesia with excellent postoperative 
outcomes and improved patient satisfaction and earlier 
mobilization.

Nevertheless, the use of varied newer ultrasound imag-
ing techniques in localizing fascial planes and nerve stimu-
lation modalities, including providing direct visualization 
of the needle placement and anesthetic spread via hydrolo-
cation have remarkably improved success and perfor-
mances of the regional block. Thus, use of regional 
anesthesia techniques as compared to general anesthesia, 
also decreases incidence of postoperative nausea and vom-
iting and has less cognitive impairment. It not only improves 
the satisfaction of patients and earlier patient discharge; but 
is also cost effective, decreases the need for general or 
neuraxial anesthesia and their associated unwanted poten-
tial side effects.
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1  The Role of Ultrasound in Regional 
Anesthesia in the Intensive Care 
Setting: An Overview

The role of ultrasound in patient care has resulted in great 
improvements in the capacity to precisely deliver pain control 
techniques in an effective and relatively safe manner. Pain 
control in the critically ill population has specific challenges 

as many patients lack the ability to provide objective assess-
ment of pain. Stress, related to many different disease states, 
can have significant physiological consequences. Thus, ade-
quate pain control is important in reducing the stress response 
in critical illness. Untoward effects related to opioids include 
respiratory depression, altered mental status, and reduced 
bowel function. The use of ultrasound to effectively deliver 
regional anesthesia can significantly benefit patients in the 
critical care environment. Until ultrasound techniques became 
commonplace throughout the intensive care setting, the use of 
epidural analgesia was a critical component of multimodal 
therapy, although there was a lack of strong evidence-based 
studies demonstrating its significant benefits. One efficacious 
example was thoracic epidurals, mainly used in the ICU to 
treat patients undergoing thoracic, orthopedic, abdominal, 
and cardiovascular surgery, and for rib fractures [1–5].

The effect of epidural analgesia on mortality remains con-
troversial. Certain studies have shown improved rates of 
mortality [6–10]. Other studies, including the MASTER 
(Multicentre Australian Study of Epidural Anesthesia) trial 
[11] and the Veteran Affairs study [12], reported no decrease 
in mortality rates in those patients with epidurals undergoing 
major abdominal surgery. A 2014 systemic review and meta- 
analysis performed by Popping et al. demonstrated a mortal-
ity benefit in patients receiving post-operative analgesia by 
an epidural. Strategies developed to aid in epidural place-
ment in high risk patients include serum markers such as 
pro-calcitonin and C-reactive protein with suspected bacte-
remia [13] and the tunneling of epidural catheters to reduce 
infection [14].

2  Peripheral Nerve Blocks Utilizing 
Ultrasound

There are limited studies on the use of upper extremity 
blocks for patients in the critical care setting [15]. Use of 
peripheral nerve blocks and catheters has been demonstrated 
to decrease opioid consumption and pain scores, resulting in 
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earlier mobilization and rehabilitation and higher patient sat-
isfaction [16–18]. Trauma ICU patients potentially benefit 
from continuous nerve catheters related to sympathectomy- 
associated vasodilation and improved blood flow, such as in 
patients undergoing revascularization and re-implantation 
procedures [19].

Compartment syndrome can occur in patients with con-
tinuous upper extremity nerve catheters. Thus, it is important 
that the rate of infusion be as low as possible. Breakthrough 
pain in a patient receiving continuous upper extremity anal-
gesia from a functional nerve catheter may indicate further 
clinical investigation into possible compartment syndrome 
[17, 20].

Neurological impairment and sedation can interfere with 
effective placement of one-shot nerve blocks and/or continu-
ous upper extremity nerve catheters. Nerve stimulators and 
ultrasound have been demonstrated to decrease rates of 
injury to the nerves and neighboring structures [21]. 
Interscalene catheter placement can result in accidental 
phrenic nerve block and hemi diaphragm dysfunction, and 
require daily inspection. Weaning of ventilator support may 
result in respiratory compromise and requires close monitor-
ing [15]. Reduced volumes of local anesthetic reduce the 
chance of phrenic nerve block [22, 23].

Continuous supraclavicular, infraclavicular, and axillary 
catheters can be used to provide post-operative analgesia and 
alternatively, brachial plexus blocks can now be performed 
with liposomal bupivicaine [15]. Liposomes are vesicular 
carriers composed of a lipid bilayer that encompasses an 
aqueous core. The lipid bilayer serves as a reservoir for lipid 
soluble drugs, whereas the aqueous interior is suitable for 
hydrophilic drugs such as local anesthetics and liposomal 
bupivacaine that has duration of 72–96 hours [15, 16].

3  Peripheral Nerve Blocks for the Lower 
Extremities

There are multiple blocks available for lower extremity anal-
gesia, with multiple targets present from the lumbar plexus 
to the lower leg regions. Many of these patients require pain 
control related to trauma or crush injury and often require 
surgery with postoperative systemic support. Femoral cath-
eters are used for anesthesia and analgesia in combination 
with other lower extremity blocks for various surgical proce-
dures and analgesia [24]. Lumbar plexus blocks, also termed 
psoas block, can be combined with sciatic blocks with or 
without continuous catheters and can be employed for anal-
gesia of the femoral, obturator, and lateral femoral cutaneous 
nerves [25]. The sciatic block can be combined with other 
blocks including femoral, lateral femoral cutaneous, obtura-
tor, etc. and it is rarely used alone [26]. It is utilized in ankle 
fractures and tibia fractures [26]. Ayling et al., in a large ret-

rospective chart review, described adequate pain control with 
decreased opioid requirements in those patients undergoing 
lower limb amputation via continuous perineural infusions 
of local anesthetic [27].

4  Regional Analgesic Techniques 
in the Critical Care Setting

Many other regional injections and infusions are available in 
the ICU setting, each with the potential to reduce opioid 
requirements and enhance recovery. The transverse abdomi-
nal plane (TAP) block can be used for abdominal pain after 
abdominal or gynecological surgeries. Limitations of the 
TAP block involve sensation in the pelvic floor as well as 
visceral pain [28]. Other abdominal fascial plane blocks and 
thoracic fascial pain blocks can be used for a variety of sur-
geries in unstable trauma patients [28]. Celiac plexus blocks 
are useful to mitigate visceral cancer-related pain, including 
in the gastric and pancreatic areas [29], and can be combined 
with TAP or intercostal blocks in abdominal surgery. 
Intercostal blocks are commonly used for analgesia follow-
ing upper abdominal surgery, thoracic surgery, and rib frac-
tures, and frequently used during the placement of chest 
tubes and gastrostomy tubes [30]. Further, the paravertebral 
block and catheter infusions are excellent in unilateral chest 
trauma and procedures, including thoracotomies, nephrecto-
mies, and breast surgery, and can be employed if an epidural 
catheter fails or if analgesia is inadequate [31].

Regarding morbidity and mortality of post-operative 
regional anesthesia, recent data is limited. Studies previously 
conducted by Moen and associates, as well as by Auroy and 
co-workers, have produced results consistent with low risk 
of permanent neurological damage or death [32].

5  Ultrasound for Cardiovascular/
Volume Status in the Intensive  
Care Setting

Intravenous resuscitation and assessment of volume status is 
vital to the care of the critically ill. Over-resuscitation, how-
ever, has been shown to increase mortality in the intensive care 
unit [33–36]. Clinical examination of volume status is difficult 
and, in many instances, inaccurate. This leads to the develop-
ment of more objective means of assessment [5]. Several 
imaging modalities utilizing ultrasound have been developed, 
including visualization of inferior vena cava (IVC) diameter 
and respiratory variation, extravascular lung water, aortic 
blood velocity variation, and stroke volume variation.

Imaging of the IVC via point-of-care ultrasound has 
emerged as a non-invasive, rapid imaging modality popular 
with intensivists that ameliorates the need for invasive moni-
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toring, expensive equipment, or expert echocardiographers. 
Data from multiple studies suggest that B-mode, sub- 
xyphoid transabdominal long axis imaging 2–3 cm caudal to 
the RA junction is the most reliable means of IVC assess-
ment with inter-rater reliability [37–39]. A curvilinear probe 
in cardiac exam type should be placed in the sub-xyphoid 
position perpendicular to the skin. The IVC should be visual-
ized in the center of the field by moving the probe to the 
right. To obtain the longitudinal plane, the probe is rotated 
90°. Compared to the thick-walled, pulsatile aorta, the IVC 
is thin-walled and changes caliber with respiration. The IVC 
diameter is measured using time-motion mode throughout 
the respiratory cycle.

A positive linear relationship exists between the central 
venous pressure (CVP) and IVC diameter, thus CVP can be 
reasonably elucidated from IVC measurement [40–44]. 
Several indices, such as maximal IVC diameter, respiratory 
variations in IVC diameter, or a combination of both, can be 
used to evaluate CVP. Generally, in spontaneously breathing 
patients, a low IVC diameter and a high reduction in diame-
ter with inspiration is associated with a low CVP, and a high 
IVC diameter with a low reduction in IVC diameter is asso-
ciated with a high CVP. During positive pressure ventilation 
the changes in intrathoracic pressure are more predictable, 
however, the diameter of the IVC increases during insuffla-
tion compared to baseline [45]. There is controversy as to 
whether CVP can be used to accurately predict volume 
responsiveness, or rather predicts an increase in cardiac out-
put in response to a fluid bolus. Data suggest that CVP is of 
little value in predicting volume status and fluid responsive-
ness [42, 46, 47]. These studies were unable to find a CVP 
above which would reliably predict patient fluid responsive-
ness and below which, would not. Other data suggest that 
maximal IVC diameter less than 15 mm will provide suffi-
cient sensitivity and specificity in identifying fluid respon-
siveness in the proper clinical context [48].

In a systematic review and meta-analysis by Zhang et al. 
[49], respiratory variation in IVC diameter varying from 
12% to 40% estimated fluid responsiveness with sensitivity 
of 78% and specificity of 86%. The diagnostic performance 
appeared to be better in mechanically ventilated patients who 
received colloids due to predictability in changes of intratho-
racic pressure and the fact that crystalloids may not stay 
intravascular for very long in critically ill patients [50–52]. 
These data suggest the need for further studies evaluating the 
use of changes in IVC diameter to assess for fluid respon-
siveness and clinical endpoints. In practice, if the IVC diam-
eter is small and collapses upon inspiration on initial 
assessment of a patient with undifferentiated shock, etiolo-
gies such as tension pneumothorax, pericardial tamponade, 
and massive pulmonary embolism can reliably be ruled out. 
These data are helpful in the assessment of a critically ill 
patient.

Lung ultrasound (LUS) has emerged as a rapid and accu-
rate imaging modality in the assessment of pulmonary edema 
in patients that are over-resuscitated, signaling an important 
data point in the consideration of further volume resuscita-
tion. Several studies have shown a correlation between mor-
tality and extravascular lung water [53, 54]. The Fluid 
Administration Limited by Lung Sonography (FALLS) pro-
tocol, developed by Lichtenstein and Karakitsos [55], uses 
two distinct LUS signatures to assess the likelihood of inter-
stitial edema. A-line is a horizontal artifact from a normal 
lung surface and its predominance indicates dry interlobular 
septa and low to normal left atrial pressure. B-line is 
described as a comet-tail artifact that most often indicates 
alveolar-interstitial syndrome consistent with pulmonary 
edema [56, 57]. In a patient with visualized A-line predomi-
nance, it is suggested that fluid administration will not imme-
diately worsen or cause hydrostatic pulmonary edema. A-line 
predominance, however, is not an indication for additional 
fluid administration, as other clinical data must be taken into 
consideration. The FALLS protocol calls for ultrasono-
graphic assessment at 2 standardized Bedside Lung 
Ultrasound in Emergency (BLUE) points on the anterior 
chest wall. A curvilinear probe is placed between the third 
and fourth ribs and between the sixth and seventh ribs 
between the parasternal and midclavicular line. Data from 
multiple trials suggest that LUS improves patient outcomes 
in the ICU and in other settings [58–63].

Though requiring more prerequisites and technical exper-
tise, stroke volume respiratory variation and its surrogates 
throughout the left heart can predict fluid responsiveness in 
patients receiving mechanical ventilation without dysrhyth-
mias or increased abdominal pressure [64]. The rise in intra-
pleural pressure associated with insufflation compresses the 
pulmonary vasculature and causes compression of the heart 
and venous inflow vessels. This reduces both right ventricu-
lar preload and left ventricular afterload, while at the same 
time increasing RV afterload and LV preload. It is thought 
that hypovolemia would accentuate these effects. For the 
purposes of measurement, left ventricular outflow tract 
dimensions do not change so changes in velocity-time inte-
gral (VTI) generated by Doppler must be used to evaluate 
variations in stroke volume. In small studies, respiratory 
variations in VTI predicted fluid responsiveness at a 20% 
threshold, while respiratory variations in aortic blood flow 
predict fluid responsiveness at a threshold of 12% [65, 66].

VTI can be measured using the apical five-chamber view 
by placing the probe first in the four-chamber view. The probe 
is then tilted ventrally to visualize the left ventricular outflow 
tract and aortic valve. The average of three measurements of 
respiratory variation should be measured over one respiratory 
cycle, beginning at inspiration. Evaluation of respiratory vari-
ation in aortic blood flow is simpler, as measurement can be 
obtained over several respiratory cycles [67].
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6  Summary

A multimodal approach to pain control is recommended for 
the intensive care unit setting. The role of ultrasound has had a 
tremendous impact in terms of effective pain management and 
has had an evolving role in intensive care assessment and diag-
nostics. The use of ultrasound in regional analgesia can play a 
critical role and provides numerous definable benefits that epi-
durals in certain instances lack. Effective pain relief in the 
critical care setting can reduce physiologic and psychologic 
stress. In this regard, reduced use of opiate therapy decreases 
the risk for withdrawal syndrome, mental status impairment, 
delirium, nausea and vomiting, reduced gastrointestinal motil-
ity, and other opioid-mediated effects such as dose-dependent 
reduction in natural killer cell effects. Ultrasound in the inten-
sive care setting is also emerging as a beneficial technology in 
multiple pathological processes. Even though many of the 
articles cited in this chapter are from small series and uncon-
trolled trials, future clinical research in this area should pro-
duce important best practice strategies for intensive care 
providers and the use of ultrasound.
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1  Introduction

Atheromatous plaque formation in the cervical carotid arter-
ies may lead to ipsilateral ischemic stroke or transient isch-
emic attack from embolization, thrombosis, or hemodynamic 
compromise. Visualization and assessment of the cervical 
carotid arteries can be achieved by carotid duplex ultraso-
nography. However, screening of asymptomatic patients is 

not recommended as the prevalence of symptomatic carotid 
stenosis is low and the risk of ipsilateral stroke in patients 
with asymptomatic carotid artery stenosis ≥50% is less than 
1% annually [1–3]. However, in symptomatic and high-risk 
patients suspected of carotid stenosis, carotid duplex ultra-
sound is effective in detecting focal increases in peak sys-
tolic blood flow velocity indicative of ≥70% stenosis [4]. 
Newer modalities such as contrast enhanced, 3-dimensional, 
and compound B-mode ultrasound coupled with supplemen-
tary diagnostic information such as plaque morphology and 
collateral perfusion may offer advantages compared with tra-
ditional carotid duplex ultrasound.

An abdominal aortic aneurysm (AAA) is defined as seg-
mental, full thickness dilation of the abdominal aorta to one 
and a half times the normal aortic diameter and is the most 
common arterial aneurysm in the human body [5]. It is an 
insidious condition that is largely asymptomatic with a 10–15% 
chance of survival after acute rupture. By the time patients are 
symptomatic, the AAA has likely ruptured lending to a clinical 
scenario in which secondary prevention via ultrasound screen-
ing ameliorates the morbidity and mortality of AAA. The 
United States Preventive Services Task Force (USPSTF) rec-
ommends a one-time screening for men ages 65–75 who have 
ever smoked (Grade B) and to selectively offer screening to 
men ages 65–75 who have never smoked (Grade C) [6]. There 
are approximately 1.1 million AAAs (prevalence, 1.4%) in the 
population aged 50–84 in the United States. USPSTF selection 
criteria (men with smoking history, aged 65–75) capture 29.5% 
of these AAAs with a cohort prevalence of 4.9% [7].

Renovascular disease is a significant cause of secondary 
hypertension, especially in patients presenting with an acute, 
severe or refractory increase in blood pressure. The preva-
lence of renovascular disease in the Medicare population is 
around 7% but is higher in patients that present with severe 
or malignant hypertension [8]. For diagnosis, renal artery 
duplex Doppler ultrasonography is a reasonable alternative 
to the more invasive gold-standard renal arteriography. In the 
hand of an experienced operator, the measurement of the 
resistive index ([peak systolic velocity  – endo-diastolic 
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velocity] divided by peak systolic velocity) may improve the 
diagnostic utility of renovascular ultrasonography in predict-
ing outcome after revascularization.

In the extremities, ultrasonography is a relatively simple 
and inexpensive method to evaluate arterial and venous dis-
ease. Calculation of ankle-brachial index in the diagnosis and 
evaluation of peripheral vascular disease can be performed at 
the bedside using continuous-wave Doppler. The resting sys-
tolic pressure of the ankle is compared to the resting systolic 
pressure of the brachial artery with the ratio providing a mea-
sure of disease burden. The prevalence of peripheral arterial 
disease is approximately 20% in adults older than 55 years 
and is associated strongly with myocardial and cerebrovascu-
lar disease [9–11]. Deep vein thrombosis and pulmonary 
embolism, together known as venous thromboembolism, 
account for the third leading cause of vascular disease after 
acute myocardial infarction and stroke [12]. The annual eco-
nomic burden of venous thromboembolism is estimated to be 
$7–10 billion each year for 375,000–425,000 newly diag-
nosed, medically treated incident cases [13]. The increasing 
incidence of clinical and environmental risk factors in an age-
ing population and the increased availability of effective 
imaging modalities is expected to increase this economic bur-
den [14]. In patients with suspected deep vein thrombosis, 
compression ultrasonography is the diagnostic gold standard 
along with computerized tomography pulmonary angiogra-
phy in suspected cases of pulmonary embolism.

2  ABI and Duplex Ultrasound 
for Vascular Disease

Several non-invasive measures of sub-clinical atherosclerosis, 
such as carotid artery intima-media thickness, carotid or aortic 
calcification and the ankle-brachial index (ABI) have been 
suggested as potential predictors of cardiovascular morbidity 
and mortality [15, 16]. Of these, the ABI (the ratio of systolic 
blood pressure in the ankle to that in the arm), has been most 
extensively described. It can easily be performed at the bed-
side but has in the recent past been predominantly deferred to 
the vascular laboratory setting. Initially, ABI was described for 
the noninvasive diagnosis of lower- extremity peripheral artery 
disease (PAD) and originally described in 1950 [17, 18]. ABI 
is also an indicator of atherosclerosis at other vascular sites 
and has been utilized as a predictive indicator for cardiovascu-
lar events and impairment of function, even when clinical 
symptoms of PAD are lacking [18, 19].

2.1  Relevant Anatomy and Physiology

As the blood pressure waveform travels distally from the 
heart it amplifies. This results in a progressive increase in sys-
tolic blood pressure (SBP) and a decrease in diastolic blood 

pressure (DBP). SBP amplification relies on retrograde wave 
reflection from resistant distal arterioles, which is additive to 
the antegrade wave [20]. However, this is not the sole expla-
nation for the changes in pressure wave morphology [21]. As 
a result of increased intraluminal pressure, remodeling of ves-
sel structure occurs in the lower extremities. This is character-
ized by increased wall thickening and unchanged inner radius 
[22]. The increase in wall thickness occurs during the second 
year of life when the hydrostatic pressure rises with walking. 
Contributors to SBP amplification are additive: reflected 
waves and changes in vessel wall thickness.

2.2  Body Position

Body position and knee or hip flexion can influence the 
ABI. The ABI averages 0.35 higher in the seated compared 
to the supine position. Patients should be supine for accurate 
ABI measurements, with the head and heels supported. 
Gornik et al. recommended a formula to correct the seated 
ABI in patients who cannot lie down [23]. However, no 
external validation of this formula has been described.

2.3  Cuff

Studies of brachial blood pressure measurement highlight 
the importance of an appropriate cuff size to avoid inaccurate 
measurements. Considerable overestimation can occur if the 
cuff is too small [24, 25]. The width of the cuff should be at 
least 40% of the circumferences of the limb.

2.4  Doppler

Doppler ultrasound uses waves reflecting off moving targets 
such as blood to measure aspects of flow. Christian Doppler 
first described the “Doppler shift”: Blood velocity will increase 
where an artery is narrowed. This principle has served as the 
foundation for all vascular ultrasonography. For the ABI a 
handheld Doppler device with a 5–10 mHz probe can be used.

3  Measurement Protocol for the Ankle- 
Brachial Index with the Doppler Method

The ABI is performed by measuring the SBP from both bra-
chial arteries and from both the dorsalis pedis and posterior 
tibial arteries. The SBP is recorded with a 5- or 10-MHz 
Doppler probe. Start with the right arm, then the right and 
left leg, and finally the left arm. During the exam the blood 
pressure may change and note that the two arm pressures 
taken at the start and end of the exam can serve as quality 
control. The first measurement (right arm in the above 
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sequence) should be repeated at the end of the sequence and 
both results averaged to address a possible white coat effect 
of the first measurement. If the difference between the two 
measurements of the first arm exceeds 10 mmHg then the 
first measurement should be disregarded and only the second 
measurement considered. The maximum inflation is 
300 mmHg. The patient should not smoke at least 2 hours 
before the ABI measurement [26]. Cuff inflation should be 
interrupted if pain is elicited. Caution is advised in 2 clinical 
situations: (1) Do not place the cuff over open wounds and 
ulcers. An impermeable dressing may be used, (2) Cuff infla-
tion should be avoided over a recently placed bypass graft 
due to the potential risk of causing graft thrombosis.

3.1  Measuring the Brachial Pressure

The blood pressure cuff is placed on the arm, with the limb at 
the level of the heart. Position the transducer on the brachial 
artery (use ultrasound gel). The Doppler probe can be moved 
slightly to maximize the intensity of the signal. The blood 
pressure cuff is then inflated to about 20  mmHg above the 
expected systolic blood pressure of the patient. The Doppler 
signal should disappear. The cuff is slowly deflated. When the 
Doppler signal re-appears, the pressure is equal to the brachial 
systolic pressure. The brachial systolic pressure is recorded.

3.2  Measuring the Ankle Pressure

The blood pressure cuff is placed immediately proximal to 
the ankle. The DP signals are located using a Doppler probe 
(use ultrasound gel). Again, the Doppler probe is moved 
slightly until the strongest signal is heard. The cuff is first 
inflated until the signal disappears, then deflated until the 
Doppler signal re-appears. Record the measurement. Repeat 
the same measurement for the PT artery followed by the 
opposite leg.

3.3  Calculating the ABI

The ABI is calculated by taking the higher pressure of the two 
arteries at the ankle, divided by the brachial arterial systolic 
pressure (the higher of the two brachial systolic pressure mea-
surements is used). In normal individuals, there should be less 
than 10 mmHg interarm systolic pressure gradient during a 
routine examination. A steady difference in pressure between 
the arms greater than 10 mmHg is suggestive of (and greater 
than 20 mmHg is diagnostic of) a subclavian or axillary arte-
rial stenosis [27]. Left ABI = Highest Pressure in LEFT foot 
(PT or DP) Highest Average Arm Pressure (L or R), Right 
ABI = Highest Pressure in RIGHT foot (PT or DP) Highest 
Average Arm Pressure (L or R). See Table 1.

3.4  Sensitivity/Specificity

The actual sensitivity and specificity of the ABI have been 
estimated, respectively, at 79% and 96% [29]. The level of 
ABI also correlates with peripheral artery disease (PAD) 
severity, with a high risk of amputation when the ABI is less 
than 0.50. An ABI change of more than 0.15 is generally 
required to consider worsening of limb perfusion or improv-
ing after revascularization.

3.5  ABI Exercise

Measuring ABI after exercise enables the detection of addi-
tional patients with PAD, who have normal or borderline 
ABI at rest. The patient is asked to walk (commonly on a 
treadmill at 3.2  km/h at a 10–20% slope) until claudica-
tion pain occurs and impedes walking. Then the ABI is 
measured as described above. An ABI drop after exercise 
seems especially useful when a resting ABI is normal but 
there is clinical suspicion of PAD [30]. Alternative tests 
such as measurement of Duplex ultrasonography, Doppler 
waveforms, transcutaneous oxygen measurements, and Toe 
Brachial Index (TBI, toe systolic pressures used instead of 
DP or PT pressures) are also useful to unmask PAD [31]. 
A TBI less than 0.70 is usually considered diagnostic of 
PAD. See Fig. 1.

Table 1 Interpretation of the Ankle-Brachial Index (ABI) [28]

ABI value Interpretation Recommendation
Greater  
than 1.4

Calcification, vessel 
hardening

Refer to vascular 
specialist

1.0–1.4 Normal None
0.9–1.0 Acceptable None
0.8–0.9 Some arterial disease Treat risk factors
0.5–0.8 Moderate arterial disease Refer to vascular 

specialist
Less than 0.5 Severe arterial disease Refer to vascular 

specialist

Calcified Vessel

Vessel disease ABI TBI Doppler

>1.4

Normal

Mild PAD

Moderate PAD

Severe PAD

0.9 – 1.4

0.7– 0.89

0.51 – 0.69

≤0.5

unaffected

>0.6

0.34 – 0.59

0.12 – 0.34

≤0.11

Fig. 1 Guidelines for interpreting ABI, TBI and Doppler waveforms in 
PAD. (Modified from Ref. [32]). PAD peripheral artery disease, ABI 
ankle-brachial index, TBI toe-brachial index
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4  Duplex Ultrasound Examination

Duplex ultrasonography refers to the combination of both 
B-mode and pulsed Doppler analysis of the velocity of blood 
flowing in arteries and veins. High-frequency transducers are 
recommended to analyze vessels in the extremities as they 
provide excellent image resolution in superficial structures. 
Duplex ultrasound examination provides extensive informa-
tion on both arterial anatomy and blood flow. It allows to 
localize occlusions and describe their morphologic features. 
Information concerning artery wall thickness, the degree of 
flow turbulence and changes in blood flow velocity can be 
provided. However, it depends greatly on the examiner’s 
experience, and adequate qualification and training are 
mandatory.

4.1  Sensitivity and Specificity

The specificity of the duplex ultrasound is very high 
(92–98%) with a sensitivity of 77–83%. The sensitiv-
ity for assessing stenosis is variable and can depend on 
the anatomical location with a higher sensitivity in more 
proximal vessels [33]. Combined with the ABI, duplex 
ultrasound can provide information necessary for man-
agement decisions in the majority of patients with PAD, 
confirm the diagnosis, and provide information on lesion 
location and severity. PAD lesions are located by two-
dimensional ultrasonography and color-Duplex mapping. 
Doppler waveform analysis, peak systolic velocities, and 
ratios can estimate the degree of vessel stenosis. Although 
noninvasive imaging studies are becoming more com-
monly used preoperatively, catheter- based angiography is 
still considered the gold standard. Duplex ultrasound is 
noninvasive, comprehensive, mobile, and well tolerated. 
Additionally, it does not expose the patient to nephrotoxic 
contrast, or radiation and can be performed on patients 
with implants. Disadvantages, however, are the high 
operator dependency which can lead to misinterpretation 
or delayed diagnosis. Limitations exist in the use in mor-
bidly obese patients.

Duplex ultrasound is not only utilized in the detection and 
management of PAD but has been used in the diagnosis of 
deep venous thrombosis (DVT), venous insufficiency, and 
cerebrovascular, renal, mesenteric, and aortoiliac disease.

4.2  Clinical Pearls

While the ABI is an important diagnostic tool, it is also 
important to remember other signs of peripheral vascular 
disease. These include past medical history and exam find-
ings, for example, pain when walking (claudication), paraes-

thesia (numbness), paralysis (weakness), pulselessness (of 
dorsalis pedis and posterior tibial pulses) and pallor of distal 
extremities. This is also known as the “5 Ps of ischemia”. 
Paralysis and paraesthesia are often both seen in severe isch-
emia to the legs. Some patients have an ABI more than 1.40 
that is related to stiff/calcified arteries, often observed in 
patients with diabetes, end-stage renal disease, and in the 
very elderly. A proportion of these patients actually do have 
occlusive artery disease [31]. Vascular polytetrafluoroethyl-
ene (PTFE) or polyester (Dacron) grafts contain air and 
hence duplex ultrasound scanning will not provide a clear 
evaluation of the grafts.

5  Evaluation for Deep Venous 
Thrombosis

For patients with the clinical suspicion of an acute deep 
venous thrombosis (DVT), venous ultrasound is the stan-
dard imaging test. There is variability and disagreement 
among societies regarding the necessary components of the 
test. The Society of Radiologists recommends a protocol 
involving a comprehensive duplex ultrasound from thigh to 
ankle with Doppler at certain sites, rather than a limited or 
complete compression-only examination [34]. Venous 
duplex ultrasound combines 2 components to assess for 
DVT: B-mode or gray-scale imaging with transducer com-
pression maneuvers and Doppler evaluation consisting of 
color-flow Doppler imaging and spectral Doppler waveform 
analysis [35]. The diagnostic criteria for DVT include an 
evaluation of venous compressibility, intraluminal echoes, 
venous flow characteristics, and differential filling of the 
vessel in color Duplex. A common criterion for a DVT is the 
incompressibility of a vein. The vein can either appear 
dilated with echogenic thrombus present or dilated without 
a visible thrombus. Acute thrombosis can be isoechogenic 
and is visible in acute DVTs as low as 50% of the time [35]. 
See Tables 2 and 3.

5.1  Body Position

For a lower or upper rule out DVT, ultrasound patients can be 
in the supine, erect or reclined position. The examined leg 
should be supinated slightly at the hip. The calf veins are 
more easily viewed when the legs are lower, which allows 
for venous distension.

Table 2 Acuity of thrombus

Acuity
Acute Within the first 2 weeks after the thrombus forms
Subacute >2 weeks and potentially up to 6 months after thrombus 

forms
Chronic Usually >6 months old
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5.2  Limitations

The scanning quality in obese patients or those with severe 
edema might be limited. Acoustic windows might be limited 
in patients with open wounds or casts.

5.3  Equipment

Mid-frequency probe (5–8 Mhz), either linear or curvilinear 
can be used.

6  DVT Ultrasound Scanning

While a comprehensive duplex-ultrasound examination proto-
col is recommended by the Society of Radiology, the most 
commonly performed vascular ultrasound study is the “rule out 
DVT” compression study. The primary purpose of this exami-
nation is to determine if the patient has a thrombosis of the 
lower (or upper) extremity vessels. The procedure consists of 
compressing the popliteal, superficial femoral, and common 
femoral veins, ensuring that the vein is fully compressible and 
that it reforms normally with no evidence of obstructive clot. A 
normal respiratory movement within the vessel additionally 
points to patency of proximal veins. An examination protocol 
should always follow the same series of images. Figure 2.

6.1  Sensitivity and Specificity

The specificity of compression ultrasound for a calf DVT is 
97.8% (97.0–98.4%). The sensitivity is 56.8% (95% confi-
dence interval, 49–66.4%), which is less than that of duplex 
ultrasound for proximal DVT 96.5% (95% confidence inter-
val, 95.1–97.6%) [37].

6.2  Lower Extremity

A comprehensive duplex ultrasound examination for lower 
extremity DVT involves interrogation from the thigh to the 
ankle [34], common femoral vein, saphenofemoral junc-
tion, proximal femoral vein, profunda femoris vein, mid-
femoral vein, distal femoral vein, popliteal vein, posterior 
tibial veins, and peroneal veins. At each position, the vein 
is analyzed for venous compressibility and the presence of 
echogenic thrombus with B-mode imaging. Additionally, 
venous flow characteristics are assessed to determine proxi-
mal occlusion. Each vein is interrogated with interval com-
pression proximally and distally. Compression maneuvers 
are performed in the transverse view every 1–2  cm from 
the inguinal ligament to the calf. Proximal compression 
should interrupt the flow, while distal occlusion should aug-
ment flow. If augmentation is not demonstrated upon distal 
compression, a DVT should be suspected. The deep veins 
should be interrogated in both transverse and longitudinal 
views. In longitudinal views, both spectral Doppler images 
and color flow images are evaluated. Color flow is helpful 
in  identifying partial vessel occlusion of acute echolucent 
thrombus or in areas in which compression is limited. Above 
the popliteal vein, normal venous flow is spontaneous and 
varies with respiration, augments with distal compression, 
and subsides with a Valsalva maneuver. Below the knee 
spontaneous flow may be absent but, flow should augment 
in the tibioperoneal veins distal compression. Continuous 
flow signals without respiratory variation, lack of augmen-
tation with the release of proximal compression, and con-
tinuous flow during Valsalva maneuvers suggest proximal 
obstruction. Whereas distal obstruction might be suspected 
with diminished or absent augmentation with distal com-
pression. Document the normal anatomy and any pathology. 
Include Doppler images demonstrating flow. See Fig. 3.

6.3  Clinical Pearls

The Femoral vein and artery usually run together. The popli-
teal vein lies superficial to the artery. The groin lymph nodes 
are well-circumscribed, non- compressible structures and 
can be mistakenly thought to be a non-compressible vein. 
Make sure you are looking at a vein, not a lymph node, by 
following the vein for a couple of centimeters. To completely 

Table 3 Ultrasound features of acute, subacute and chronic 
DVT. Features can be overlapping and are classified as indeterminate

Features Acute Subacute Chronic
Attachment of 
thrombus to the 
vein wall

Loosely 
attached

Firmly 
attached

Firmly attached

Thrombus 
echogenicity

Hypoechoic 
or isoechoic

Variable 
(more echoic 
than acute 
DVT)

Hyperechoic 
(appears as a 
bright fibrous web 
or scar attached to 
the vein wall and 
protruding into the 
lumen)

Presence of 
free-floating or 
mobile thrombus 
tail

Possibly 
present

Usually 
absent

Absent

Vein wall 
appearance

Variable Variable Venous wall 
thickening and 
scarring. Calcium 
deposition may be 
perceived

Vein lumen Distended Will retract to 
normal size

Smaller than 
normal size 
(atrophic)

Compressibility Slightly 
deformable, 
“spongy”

More 
compressible 
than acute

Partly non- 
compressible, 
likely partial 
recanalization

Modified from Ref. [36]
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a b

c d

Fig. 2 Image of a normal femoral vein at baseline and acute DVT at 
1-week follow-up. (a, b) Ultrasound images of a normal femoral vein 
without (a) and with (b) compression. The artery (Art) is anterior to the 
vein. After compression, the vein is completely collapsed, indicating 
normal compressibility. (c, d) Ultrasound images of acute femoral vein 
thrombus without (c) and with (d) compression after 1 week of follow-

 up. The acute DVT (∗ in c) is heterogeneous. It expands the vein. After 
compression (d), the vein does not collapse but has an oval shape indi-
cating an acute DVT based on the non-compressible but deformable 
vein. DVT indicates deep venous thrombosis. (Taken with permission 
from Ref. [34])
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evaluate the femoral vein, also visualize the confluence of 
the greater saphenous and common femoral veins.

Poor compressibility might happen at the valve area and 
should not be confused with a DVT. Finally, common dif-

ferentials include Bakers cyst in the medial popliteal fossa, 
superficial venous thrombosis of varices, tears in the calf 
muscle.

6.4  Upper Extremity

In the case of upper extremity DVTs, the compressibility of 
the vein is the main diagnostic criterion. The axillary, bra-
chial, basilic and internal jugular veins are imaged with com-
pression and color and spectral flow. Veins of the upper 
extremity are to a greater degree affected by cardiac and 
respiratory variations. Flow is severely limited during a 
Valsalva maneuver and the vein diameter increases. The sub-
clavian vein is not easily compressible due to the overlying 
clavicle and is assessed using secondary signs including the 
absence of respiratory variability and cardiac pulsatility [38]. 
Thrombosis is diagnosed by direct visualization of throm-
bus, absent or incomplete color filling of the lumen, and an 
absent diameter response to rapid inspiration. The addition 
of Color Doppler to the duplex examination has increased 
the sensitivity and specificity of the examination and allowed 
for increased visualization of partial occlusions.

7  U/S Screening for Carotid Disease

Around 20–30% of all strokes are caused by extracranial 
carotid artery stenosis (CAS) [39], while intracranial CAS 
accounts for 5–10% of strokes [40]. Coronary Artery Disease 
(CAD) occurs secondary to atherosclerosis and the result of 
a build-up of atherosclerotic plaques rupturing, formation of 
a thrombus, and subsequent dislodging and blockage of 
branches of the carotid artery. Preventing strokes and ade-
quately treating CAD before it progresses to stroke. 
Ultrasound technology, specifically via Doppler technology 
measuring flow velocities, has become vital in the assess-
ment and treatment of CAD.

Proper, reproducible technique is vital for the accurate 
and valid testing of the degree of carotid artery stenosis. 
Ultrasonography can display the most proximal segment of 
the common carotid artery but cannot display the proximal 
segment of the left common carotid due to its rise from the 
aortic arch. Once the common carotid artery is identified, the 
internal carotid artery (ICA) should be differentiated from 
the external carotid artery (ECA). The ICA is located lateral 
and posterior to the ECA and is slightly larger.

7.1  Technique

For carotid ultrasonography, the recommended position is 
the overhead position, where the examiner sits above the 

a

b

c

Fig. 3 Images of Spectral Doppler waveform analysis of the lower 
extremity veins. (a) Spontaneous and respirophasic flow with a normal 
response to an augmentation maneuver and aliasing of the pulsed 
Doppler signal (arrow). (b) Monophasic venous flow suggesting venous 
obstruction proximal to this segment. EIV indicates the external iliac 
vein. (c) Retrograde flow in the popliteal vein (POP V) after an augmen-
tation maneuver (arrow), consistent with valvular incompetence in a 
patient with a history of deep venous thrombosis and the post- 
thrombotic syndrome. (Taken with permission from Ref. [36])
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patient’s head and beside the end of the examination table so 
they are able to use two hands for the ultrasonography. In this 
position, the examiner should use their right hand for the 
right carotid artery and use their left hand for the left carotid 
artery. This position is beneficial because the examiner can 
use both hands and there are ample positions available for 
the ultrasonography probe. Finally, the ultrasound screen can 
be positioned immediately in front of the examiner to 
increase ease of measurement.

8  Color and Pulsed Wave Doppler 
Ultrasonography

Color Doppler is the main way to measure stenosis via color- 
encoded velocity information. To achieve a proper Doppler 
image, the sonic beam needs to be at a 30–60° angle to the 
skin, as opposed to a normal ultrasonographic image which 
is perfectly perpendicular. After identifying proper anatomi-
cal landmarks, one should adjust the velocity range. There is 
constant flow volume through the vessel, therefore the veloc-
ity of flow must change with the degree of stenosis. Therefore, 
the velocity of flow is fastest at the stenotic segment. The 
common carotid artery has a velocity of 30–40 cm/s [41]. If 
the upper limit of the color velocity scale is just below that of 
the flow velocity in the normal vessel, the increased flow 
velocity in the stenotic segment will be above the upper limit 
of the velocity scale and there will be an aliasing artifact 
[41]. The segment is stenoic if there is a segment presenting 
an aliasing artifact at the proper velocity scale setting. To 
measure exact flow velocity, pulsed wave Doppler is used. A 
small sample volume taken in the center of the artery is used 
to check the velocity of the segment, specifically the peak 
systolic and diastolic velocities are measured. Significant 
stenosis of the ICA is indicated by a peak systolic velocity of 
125 cm/s or higher in the ICA, or twice as fast as that of the 
common carotid artery [42]. See Table 4.

Carotid Doppler and Pulse Wave Doppler Ultrasound is an 
invaluable tool for evaluation of carotid artery stenosis. It is 
able to detect atherosclerotic plaque including visualizing the 
intima-media thickness as a biomarker for atherosclerosis in 
addition to the classical carotid artery stenosis measurement. 
Anesthesiologists should be familiar with the physics and 
clinical findings of Doppler ultrasonography in performing 
Doppler ultrasonography studies of the carotid arteries and 
what it means for the overall health for their patient.

9  AAA Screening and Evaluation

Several randomized clinical trials have shown that ultra-
sound screening reduces aneurysm-related mortality with a 
reduced risk for rupture and emergency surgery [43–45]. The 

Society for Vascular Surgery recommends surveillance 
imaging at 3-year intervals for patients with an initial AAA 
diameter between 3.0 and 3.9 cm, an interval of 1 year for 
AAAs between 4.0 and 4.9  cm and 6  months for those 
between 5.0 and 5.4 cm. Aneurysm enlargement is signifi-
cantly increased in smokers and in patients with a larger 
AAA diameter [46]. In hemodynamically stable patients 
with a symptomatic AAA, CT aortography is recommended. 
In this setting, ultrasound should be used to determine if an 
AAA is present. Once a AAA is diagnosed, a referral to a 
vascular surgeon should be placed.

Ninety-five percent of adults have an aortic diameter of 
≤3.0  cm with the average diameter of the infrarenal aorta 
being approximately 2.0 cm. For the majority of patients, a 
segmental diameter of ≥3.0 cm is considered aneurysmal with 
an increase in diameter predicting worse clinical outcomes in 
men. In women, however, diameter is less predictive [46]. 
AAA most often affect the segment of the aorta between ori-
gins of the renal and inferior mesenteric arteries. Both the sen-
sitivity and specificity are close to 100% making ultrasound 
the ideal test for screening. Some operators may have diffi-
culty visualizing the aorta because of bowel gas or obesity.

The patient should lie supine, head-of-bed flat with the 
legs flat or knees slightly flexed. With a low frequency curvi-
linear transducer apply constant, firm pressure to the patient’s 
abdomen, starting with images of the aorta in the transverse 
orientation at the level of the celiac artery takeoff with the 
vertebral body visible. The splenic and hepatic arteries 
should be visualized coming off the celiac trunk, sometimes 
looking akin to a seagull with the hepatic artery as the right 
wing and the splenic artery as the left wing. Next, moving 
inferiorly, the superior mesenteric artery (SMA) takeoff 
should be visualized coming off the aorta in a transverse ori-
entation. Just superior to the umbilicus, the distal aorta at or 
just above the bifurcation should be visualized in a trans-
verse orientation. Fanning the transducer inferiorly may be 
helpful. At all three sites, images with and without measure-
ments in the AP and lateral directions should be saved.

Table 4 Proper interpretation of ICA stenosis based off of the proper 
measurements

Peak systolic 
velocity

End diastolic 
velocity

ICA/CCA 
PSV ratio

Diameter 
stenosis %
Normal <125 <40 <2.0
<50 <125 <40 <2.0
50–69 125–230 40–100 2.0–4.0
≥70 >230 >100 >4.0
Near total 
occlusion

Variable Variable Variable

Total 
occlusion

Undetectable Undetectable Not applicable
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Moving to images of the abdominal aorta in a sagittal ori-
entation with the transducer oriented superiorly, the celiac 
trunk and SMA coming off the aorta should be visualized. 
The inferior mesenteric artery is usually no visible with 
ultrasound. Images with and without measurements of the 
widest segment visualized along with Doppler to confirm 
patency should be saved. All measurements should include 
the lumen plus intraluminal plaque, if present and should be 
“outer-layer to outer-layer” so as to not underestimate the 
vessel diameter.

10  U/S Screening in AKI Assessment: 
Resistive Index

Acute kidney injury (AKI) occurs in around 50% of inten-
sive care patients with sepsis, cardiogenic shock or major 
surgery [47, 48]. Nearly 15% of ICU patients require renal 
replacement therapy, and AKI increases morbidity and mor-
tality as a lone variable [47, 48]. Early detection and preven-
tion are crucial for decreasing negative outcomes [49, 50]. 
An early manifestation of AKI is renal vasoconstriction, 
which can be measured by a variable called renal resistive 
index (RRI). This is a sonographic index that represents 
blood flow profiles of the intrarenal and interlobar arteries, 
specifically the relationship between the decline in flow 
velocity between the peak of systoly and the end of diastole 
in renal vessels [51, 52]. Elevated RRI is related to several 
different diseases such as atherosclerosis, diabetes, chronic 
kidney disease and histopathological outcomes (glomerular 
sclerosis, arteriolosclerosis, interstitial fibrosis), and is asso-
ciated with elevated RRI [53–56]. One observational cohort 
study showed that RRI was a significant independent early 
predictor and discriminator for development of AKI stage 2 
and 3 during the first week, but not for AKI stage, for ICU 
admission 1 [57]. The authors recommended measuring RRI 
as part of a broad ultrasound screening of vital organ func-
tion to contribute to the early detection of patients at risk of 
developing AKI.

10.1  Technique

Standardized, meticulous, and repeatable technique is vital 
to properly measure RRI in a clinical setting. A high resis-
tance probe is optimal along with the use of color or power 
Doppler to help with vessel localization. Sampling for RRI 
should be done at the level of the arcuate or interlobar arter-
ies, adjacent to medullary pyramids. Three reproducible 
waveforms should be produced, and an RRI is calculated by 
measuring the peak systolic velocity and the end systolic 
velocity and using the formula (peak systolic velocity – end 
diastolic velocity)/peak systolic velocity. The mean value of 

the three exams is used, and an RRI value 0.60   ±   0.01 
(mean  ±  SD) is taken as normal with a value of 0.70 being 
considered the upper normal threshold by most physicians 
[58]. An increased RRI is regarded as an indicator of 
increased renal vascular resistance.

Below are summarized pearls for improving ultrasound 
views (Table 5).

In summary, ultrasound is important in assessing and 
treating vascular disease. Clinicians should appreciate the 
important information that can be obtained using ultrasound 
and its evolving importance in vascular disease.

References

 1. Abbott AL. Medical (nonsurgical) intervention alone is now best 
for prevention of stroke associated with asymptomatic severe 
carotid stenosis: results of a systematic review and analysis. Stroke. 
2009;40(10):e573–83.

 2. Spence JD. Management of asymptomatic carotid stenosis. Neurol 
Clin. 2015;33(2):443–57.

 3. Brott TG, et  al. 2011 ASA/ACCF/AHA/AANN/AANS/ACR/
ASNR/CNS/SAIP/ SCAI/SIR/SNIS/SVM/SVS guideline on the 
management of patients with extracranial carotid and vertebral 
artery disease: executive summary. Vasc Med. 2011;16(1):35–77.

 4. AbuRahma AF, et  al. Critical appraisal of the Carotid Duplex 
Consensus criteria in the diagnosis of carotid artery stenosis. J Vasc 
Surg. 2011;53(1):53–60.

 5. Johnston KW, Rutherford RB, Tilson MD, Shah DM, Hollier L, 
Stanley JC. Suggested standards for reporting on arterial aneurysms. 
Subcommittee on Reporting Standards for Arterial Aneurysms, 
Ad Hoc Committee on Reporting Standards, Society for Vascular 
Surgery and North American Chapter, International Society for 
Cardiovascular. J Vasc Surg. 1991;13(3):452–8.

 6. LeFevre ML.  Screening for abdominal aortic aneurysm: 
U.S.  Preventive Services Task Force recommendation statement. 
Ann Intern Med. 2014;161(4):281–90.

 7. Kent KC, et al. Analysis of risk factors for abdominal aortic aneu-
rysm in a cohort of more than 3 million individuals. J Vasc Surg. 
2010;52(3):539–48.

Table 5 Pearls to optimize the ultrasound examination

Obese/edematous 
patients

A curvilinear probe can be utilized

Cannot compress 
the vein but a clot 
cannot be 
visualized

Assume that there is a DVT. Clots can be 
isoechoic and may not be well visualized.

Where is the 
popliteal vein?

Can be difficult to identify. Try maneuvers to 
distend the vessels (sitting up etc.). 
Alternatively, place the patient in the prone 
position and passively flexing the foot in the air. 
Color Doppler may also facilitate the finding of 
vessels.

The vein is not 
completely 
compressing

A normal vein will disappear when completely 
compressed. Make sure to center the vessel and 
compress transversely (not longitudinally).

How much 
pressure should be 
applied?

Appropriate pressure compresses the vein 
completely and dents the artery some.

Clinical Utilization of Ultrasound in Vascular Disease



236

 8. Textor SC, Lerman L.  Renovascular hypertension and ischemic 
nephropathy. Am J Hypertens. 2010;23(11):1159–69.

 9. Hankey GJ, Norman PE, Eikelboom JW.  Medical treatment of 
peripheral arterial disease. JAMA. 2006;295(5):547–53.

 10. Parvar SL, Fitridge R, Dawson J, Nicholls SJ.  Medical and life-
style management of peripheral arterial disease. J Vasc Surg. 
2018;68(5):1595–606.

 11. Alahdab F, et  al. A systematic review for the screening for 
peripheral arterial disease in asymptomatic patients. J Vasc Surg. 
2015;61(3):42S–53S.

 12. Raskob GE, et  al. Thrombosis. Arterioscler Thromb Vasc Biol. 
2014;34(11):2363–71.

 13. Grosse SD, Nelson RE, Nyarko KA, Richardson LC, Raskob 
GE.  The economic burden of incident venous thromboembolism 
in the United States: a review of estimated attributable healthcare 
costs. Thromb Res. 2016;137:3–10.

 14. Di Nisio M, van Es N, Büller HR. Deep vein thrombosis and pul-
monary embolism. Lancet. 2016;388(10063):3060–73.

 15. Stein JH, et al. Use of carotid ultrasound to identify subclinical vas-
cular disease and evaluate cardiovascular disease risk: a consensus 
statement from the American Society of Echocardiography Carotid 
Intima-Media Thickness Task Force. Endorsed by the Society for 
Vascular Medicine. J Am Soc Echocardiogr. 2008;21(2):93–111.

 16. Greenland P, et  al. Prevention conference V: beyond secondary 
prevention: identifying the high-risk patient for primary preven-
tion: noninvasive tests of atherosclerotic burden: Writing Group 
III. Circulation. 2000;101(1):E16–22.

 17. Carter SA.  Indirect systolic pressures and pulse waves in arte-
rial occlusive disease of the lower extremities. Circulation. 
1968;37(4):624–37.

 18. Ankle Brachial Index Collaboration, et  al. Ankle brachial index 
combined with Framingham risk score to predict cardiovascular 
events and mortality. JAMA. 2008;300(2):197.

 19. McDermott MM, et al. Associations of borderline and low normal 
ankle-brachial index values with functional decline at 5-year fol-
low- up: the WALCS (Walking and Leg Circulation Study). J Am 
Coll Cardiol. 2009;53(12):1056–62.

 20. Safar ME, Protogerou AD, Blacher J.  Statins, central blood 
pressure, and blood pressure amplification. Circulation. 
2009;119(1):9–12.

 21. Hope SA, Tay DB, Meredith IT, Cameron JD.  Waveform dis-
persion, not reflection, may be the major determinant of aor-
tic pressure wave morphology. Am J Physiol Circ Physiol. 
2005;289(6):H2497–502.

 22. Humphrey JD.  Mechanisms of arterial remodeling in hyperten-
sion: coupled roles of wall shear and intramural stress. Hypertens 
(Dallas, Tex. 1979). 2008;52(2):195–200.

 23. Gornik HL, Garcia B, Wolski K, Jones DC, Macdonald KA, Fronek 
A. Validation of a method for determination of the ankle-brachial 
index in the seated position. J Vasc Surg. 2008;48(5):1204–10.

 24. Manning DM, Kuchirka C, Kaminski J. Miscuffing: inappropriate 
blood pressure cuff application. Circulation. 1983;68(4):763–6.

 25. Pickering TG, et  al. Recommendations for blood pressure mea-
surement in humans and experimental animals. Circulation. 
2005;111(5):697–716.

 26. Aboyans V, et  al. Measurement and interpretation of the ankle- 
brachial index. Circulation. 2012;126(24):2890–909.

 27. Conrad MC, Toole JF, Janeway R.  Hemodynamics of the 
upper extremities in subclavian steal syndrome. Circulation. 
1965;32(3):346–51.

 28. Olin JW, et al. ACCF/AHA/ACR/SCAI/SIR/SVM/SVN/SVS 2010 
performance measures for adults with peripheral artery disease. J 
Am Coll Cardiol. 2010;56(25):2147–81.

 29. Lijmer JG, Hunink MG, van den Dungen JJ, Loonstra J, Smit 
AJ. ROC analysis of noninvasive tests for peripheral arterial dis-
ease. Ultrasound Med Biol. 1996;22(4):391–8.

 30. Stein R, Hriljac I, Halperin JL, Gustavson SM, Teodorescu V, 
Olin JW. Limitation of the resting ankle-brachial index in symp-
tomatic patients with peripheral arterial disease. Vasc Med. 
2006;11(1):29–33.

 31. Aboyans V, Ho E, Denenberg JO, Ho LA, Natarajan L, Criqui 
MH. The association between elevated ankle systolic pressures and 
peripheral occlusive arterial disease in diabetic and nondiabetic 
subjects. J Vasc Surg. 2008;48(5):1197–203.

 32. Sibley RC, Reis SP, MacFarlane JJ, Reddick MA, Kalva SP, Sutphin 
PD. Noninvasive physiologic vascular studies: a guide to diagnos-
ing peripheral arterial disease. Radiographics. 2017;37(1):346–57.

 33. Hiatt WR, Jones DN. The role of hemodynamics and duplex ultra-
sound in the diagnosis of peripheral arterial disease. Curr Opin 
Cardiol. 1992;7(5):805–10.

 34. Needleman L, et  al. Ultrasound for lower extremity deep venous 
thrombosis. Circulation. 2018;137(14):1505–15.

 35. Killewich LA, Bedford GR, Beach KW, Strandness 
DE. Diagnosis of deep venous thrombosis. A prospective study 
comparing duplex scanning to contrast venography. Circulation. 
1989;79(4):810–4.

 36. Gornik HL, Sharma AM.  Duplex ultrasound in the diagno-
sis of lower-extremity deep venous thrombosis. Circulation. 
2014;129(8):917–21.

 37. Goodacre S, Sampson F, Thomas S, van Beek E, Sutton A. Systematic 
review and meta-analysis of the diagnostic accuracy of ultrasonog-
raphy for deep vein thrombosis. BMC Med Imaging. 2005;5:6.

 38. Giess CS, Thaler H, Bach AM, Hann LE. Clinical experience with 
upper extremity venous sonography in a high-risk cancer popula-
tion. J Ultrasound Med. 2002;21(12):1365–70; quiz 1372–3.

 39. Stroke in Childhood: Clinical Guidelines for Diagnosis, 
Management and Rehabilitation, By Paediatric Stroke Working 
Group · 2004, publisher: Clinical Effectiveness & Evaluation Unit, 
Royal College of Physicians.

 40. Sacco RL.  Extracranial carotid stenosis. N Engl J Med. 
2001;345(15):1113–8.

 41. Kim S, Lee S, Choi HS, Jung S, Ahn K, Kim B. Pseudostenosis 
at the origin of the vertebral artery on contrast-enhanced MRA: 
correlation with aortic motion on dynamic 3D time-resolved 
contrast-enhanced MRA.  J Korean Soc Magn Reson Med. 
2012;16(3):236–42.

 42. Grant EG, et al. Carotid artery stenosis: gray-scale and Doppler US 
diagnosis—Society of Radiologists in Ultrasound consensus con-
ference. Radiology. 2003;229(2):340–6.

 43. Guirguis-Blake JM, Beil TL, Sun X, Senger CA, Whitlock 
EP.  Primary care screening for abdominal aortic aneurysm. 
Rockville: Agency for Healthcare Research and Quality; 2014.

 44. Ashton HA, et  al. The Multicentre Aneurysm Screening Study 
(MASS) into the effect of abdominal aortic aneurysm screening on 
mortality in men: a randomised controlled trial. Lancet (London, 
England). 2002;360(9345):1531–9.

 45. Scott RAP, Vardulaki KA, Walker NM, Day NE, Duffy SW, 
Ashton HA. The long-term benefits of a single scan for abdomi-
nal aortic aneurysm (AAA) at age 65. Eur J Vasc Endovasc Surg. 
2001;21(6):535–40.

 46. Chaikof EL, et al. The Society for Vascular Surgery practice guide-
lines on the care of patients with an abdominal aortic aneurysm. J 
Vasc Surg. 2018;67(1):2–77.e2.

 47. Hoste EA, et al. RIFLE criteria for acute kidney injury are associ-
ated with hospital mortality in critically ill patients: a cohort analy-
sis. Crit Care. 2006;10(3):R73.

M. B. Novitch et al.



237

 48. Chertow GM, Burdick E, Honour M, Bonventre JV, Bates 
DW. Acute kidney injury, mortality, length of stay, and costs in hos-
pitalized patients. J Am Soc Nephrol. 2005;16(11):3365–70.

 49. Bagshaw SM, George C, Dinu I, Bellomo R. A multi-centre evalu-
ation of the RIFLE criteria for early acute kidney injury in critically 
ill patients. Nephrol Dial Transplant. 2007;23(4):1203–10.

 50. Hoste EAJ, et al. Epidemiology of acute kidney injury in critically 
ill patients: the multinational AKI-EPI study. Intensive Care Med. 
2015;41(8):1411–23.

 51. Spatola L, Andrulli S.  Doppler ultrasound in kidney diseases: 
a key parameter in clinical long-term follow-up. J Ultrasound. 
2016;19(4):243–50.

 52. Ponte B, et al. Reference values and factors associated with renal 
resistive index in a family-based population study. Hypertension. 
2014;63(1):136–42.

 53. Bruno RM, et  al. Dynamic evaluation of renal resistive index in 
normoalbuminuric patients with newly diagnosed hypertension or 
type 2 diabetes. Diabetologia. 2011;54(9):2430–9.

 54. Masulli M, et al. Measurement of the intrarenal arterial resistance 
index for the identification and prediction of diabetic nephropathy. 
Nutr Metab Cardiovasc Dis. 2009;19(5):358–64.

 55. Sugiura T, Wada A.  Resistive index predicts renal prog-
nosis in chronic kidney disease. Nephrol Dial Transplant. 
2009;24(9):2780–5.

 56. Calabia J, et  al. The relationship between renal resistive index, 
arterial stiffness, and atherosclerotic burden: the link between 
macrocirculation and microcirculation. J Clin Hypertens. 
2014;16(3):186–91.

 57. Haitsma Mulier JLG, et al. Renal resistive index as an early pre-
dictor and discriminator of acute kidney injury in critically ill 
patients; a prospective observational cohort study. PLoS One. 
2018;13(6):e0197967.

 58. Tublin ME, Bude RO, Platt JF.  The resistive index in renal 
Doppler sonography: where do we stand? Am J Roentgenol. 
2003;180(4):885–92.

Clinical Utilization of Ultrasound in Vascular Disease



239© Springer Nature Switzerland AG 2021
J. Li et al. (eds.), Ultrasound Fundamentals, https://doi.org/10.1007/978-3-030-46839-2_25

Pediatric Ultrasound

Allan Brook, Einat Blumfield, and Andrew Brook

1  Introduction

Cranial ultrasound is portable and easy to perform in sick 
term and preterm neonates, does not require sedation, and 
does not expose infants to ionizing radiation. Thanks to all of 
these aforementioned advantages, it is a commonly used 
modality in the Neonatal Intensive Care Unit (NICU) for 
screening in preterm neonates and for rapid diagnosis of 
abnormalities in term neonates at risk.

Preterm neonates who are <=32 weeks of gestation are at risk 
of suffering ischemic injuries to the brain that may present as 
periventricular leukomalacia or hemorrhagic lesions. The entity 
of hemorrhagic lesions consists of a spectrum of abnormalities 
ranging from germinal matrix hemorrhage to intraventricular 
hemorrhage, and periventricular hemorrhagic infarction.

In term neonates, the indications to perform a cranial 
sonogram may include hypoxic ischemic encephalopathy 
(HIE), seizures, multiple congenital abnormalities and 
genetic syndromes, as well as, intrauterine infections.

While MRI may be more accurate in detecting such 
abnormalities, it is not a suitable imaging modality for the 
critically ill patient. Ultrasound is performed at the bedside 
and may be repeated as required.

2  Cranial Ultrasound

2.1  Indications for Scanning

All premature infants who are <= 32 gestation weeks or 
weigh <=1500 g are screened with a cranial sonogram during 
the first week of their life.

Indications for scanning in term infants include, but 
are not limited to the following: HIE, seizures, coagulopathy, 
congenital malformations and evidence of intrauterine 
infection.

Infants with an open anterior fontanelle who are on extra-
corporeal membrane oxygenation (ECMO) are scanned 
daily with a  cranial sonogram in search of an intracranial 
hemorrhage as they are anticoagulated.

In addition to all the above indications, which involve 
scanning in patients typically in the NICU or in the pediatric 
intensive care unit (PICU), infants with an open anterior fon-
tanelle may be also scanned as out-patients with a cranial 
sonogram with the most common indication being macro-
cephaly. In these cases, the ventricular system is evaluated 
for hydrocephalus.

2.2  Technique of Imaging

The sonogram is performed with a small footprint sector 
5–8 MHz transducer through the anterior fontanelle and may 
be supplemented with a linear 5–12 MHz transducer for high 
resolution images of the brain parenchyma and extra-axial 
spaces. Gray scale images are first obtained in the coronal 
plane and typically include at least 6–8 images beginning in 
the frontal lobes anterior to the frontal horns of the lateral 
ventricles, continuing with images through the frontal horns 
(Fig. 1), the bodies and atria (Fig. 2) of the lateral ventricles 
and ending in the occipital lobes posterior to the atria and 
occipital horns. Images in the sagittal plane then follow and 
include a mid-sagittal image (Fig. 3) demonstrating the cor-
pus callosum supratentorially and the cerebellar vermis, 
fourth ventricle and the brainstem in the posterior fossa, fol-
lowed by at least two parasagittal images from each side 
(Fig. 4); one that includes the lateral ventricle frontal horn, 
body and occipital horn and one that includes the temporal 
lobe and the temporal horn of each lateral ventricle. 
Additional scanning may be performed through the posterior 
fontanelle for improved visualization of the occipital lobes 
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and the occipital horns of the lateral ventricles. Furthermore, 
images of the posterior fossa may be obtained through the 
mastoid windows (Fig.  5). This allows better depiction of 
posterior fossa hemorrhages and congenital abnormalities of 
the posterior fossa. Color and spectral wave Doppler scan-
ning of the arterial and venous system may be added to the 
examination.

Fig. 1 Normal cranial sonogram in the coronal plane in a 27 week old 
premature newborn demonstrating the anterior body of the corpus cal-
losum (red arrow). The cavum septum pellucidum is seen between the 
frontal horns of the lateral ventricles (green arrow). The left caudate 
nucleus head (black arrow), left thalamus (blue arrow) and the right 
caudothalamic groove (white arrow) are also marked on the image

Fig. 2 Same patient as in Fig. 1 – Coronal image through the atria of 
the lateral ventricles demonstrate the normal choroid plexuses in the 
atria (arrows)

Fig. 3 Normal cranial sonogram in a 3 week old 34 week premature 
neonate- Mid-sagittal image demonstrates the normal corpus callosum 
(green arrow) supratentorially, and the normal cerebellar vermis (red 
arrow), the fourth ventricle (white arrow) and the brainstem (yellow 
arrow) in the posterior fossa

Fig. 4 Same patient as in Fig. 3. Left parasagittal image demonstrates 
the left lateral ventricle (green arrow), the left caudate nucleus head (red 
arrow), the left thalamus (blue arrow) and the left caudothalamic groove 
(white arrow)

Fig. 5 Normal cerebellum seen via the mastoid window in a 24 days 
old, 35 week premature neonate
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2.3  Findings in Preterm Infants

Hypoxic ischemic injury in preterm neonates may result in 
periventricular leukomalacia (Fig.  6). In these cases, isch-
emic injury to the periventricular white matter leads to cell 
necrosis, initially presenting with focal or diffuse areas of 
increased parenchymal echogenicity which later will prog-
ress to cystic changes. Eventually the cysts coalesce and 
there is loss of white matter with enlargement and irregular 
borders of the ventricles.

Another category of lesions in the premature brain are 
hemorrhagic lesions, which originate in the germinal matrix, 
located in the caudothalamic grooves. The germinal matrix is 
a hypervascular tissue, where deficient auto-regulation of 
cerebral blood flow may lead to germinal matrix hemor-
rhage. Germinal matrix hemorrhage may extend to the ven-
tricles, and an  intraventricular hemorrhage may be 
complicated with periventricular hemorrhagic infarct. These 
hemorrhagic lesions are classified as follows:

• Grade I  - hemorrhage in the germinal matrix without 
extension to the ventricle - demonstrated as an echogenic 
area in the caudothalamic groove (Fig. 7)

• Grade II - Intraventricular hemorrhage with normal ven-
tricular size - demonstrated as echogenic clots and hem-
orrhagic products within the ventricles which over time 
decrease in size and in echogenicity before they resolve.

• Grade III  - intraventricular hemorrhage with ventricular 
enlargement - demonstrated similar to grade II but with 
ventriculomegaly.

• Grade IV - intraventricular hemorrhage and periventricu-
lar hemorrhagic infarct (Fig. 8) - demonstrated similar to 
grade III with echogenic foci in the periventricular white 
matter initially which later become cystic and eventually 
may lead to formation of porencephalic cysts.

Intraventricular hemorrhage may be complicated with 
hydrocephalus secondary to scarring in the pacchionian 
granulations or in the sylvius aqueduct hence further sono-

Fig. 6 Periventricular leukomalacia- Coronal images demonstrate increased echogenicity and microcystic changes in the periventricular white 
matter (arrows) in a 3 week old 25 week premature neonate

Fig. 7 Right germinal matrix (grade I) bleed - Images in the coronal and sagittal planes demonstrate an echogenic lesion in the right caudotha-
lamic groove (arrow) in a 4 week old 31 week premature neonate
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graphic follow up is required when intraventricular hemor-
rhage is detected.

Cerebellar hemorrhages or infractions are being increas-
ingly recognized in association with very low birth weight 
and are better depicted in the mastoid windows, they are 
most commonly unilateral, arising from the external granular 
layer and present as an echogenic lesion within the periphery 
of one of the cerebellar hemispheres, which later may prog-
ress to cystic encephalomalacia or focal atrophy (Fig. 9).

2.4  Findings in Term Infants

Cerebral hemorrhages or infarcts may be detected in term 
infants in ultrasound, typically presenting as focal hyper-
echogenic areas (Fig. 10). Parenchymal calcifications may 
be detected in neonates with intrauterine infections, and con-
genital abnormalities such as agenesis of the corpus callo-
sum (Fig.  11), absent cavum septum pellucidum, 
holoprosencephaly (Fig. 12) and dandy walker malformation 
may be detected as well. In these cases, MRI examination of 
the brain should be performed as well to assess for concomi-
tant abnormalities.

2.5  Finding in Infants with Macrocephaly

While hydrocephalus may be detected with a cranial sono-
gram, the most common finding in asymptomatic infants with 
enlarged head circumference is benign enlargement of the 
subarachnoid spaces (BESS). This common entity usually 
presents in the first months of life with enlarged head circum-
ference. A cranial sonogram typically demonstrates promi-
nence of the subarachnoid spaces in the anterior and middle 
cranial fossae with mild enlargement of the ventricular system 
(Fig. 13). It is hypothesized that disequilibrium between for-
mation and resorption of cerebrospinal fluid (CSF) is respon-
sible for the enlargement of the subarachnoid spaces. The 
majority of patients are symptomatic and the enlargement of 
the subarachnoid spaces resolves by the age of 2  years. 

Fig. 8 Grade IV intraventricular hemorrhage - Coronal images demon-
strate enlarged lateral ventricles, containing large, heterogeneous 
appearing blood clots (yellow arrows). In addition, there is a right fron-
tal parenchymal periventricular hemorrhage (blue arrow), in a 12 days 
old, 23 week old premature neonate

Fig. 9 Large sub-acute left cerebellar hemorrhage – Image via the left 
mastoid window demonstrates increased echogenicity in the left cere-
bellar hemisphere (yellow arrows) with cystic areas which represent 
encephalomalacia (blue arrows), in a 4 week old, 23 week premature 
neonate

Fig. 10 Left occipital hematoma  – coronal image demonstrates an 
echogenic area in the left occipital lobe consistent with a hematoma 
(arrow), in a 35 week newborn with intrauterine growth restriction and 
thrombocytopenia
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a

b

Fig. 11 Agenesis of the corpus callosum in a term newborn, diagnosed 
prenatally with ventriculomegally. (a) Sonographic images in the coro-
nal plane demonstrate colpocephaly (the occipital horns, atria and the 
posterior bodies of the lateral ventricles are dilated, while the frontal 

horn are non-dilated). The normal corpus callosum is not identified. (b) 
Coronal T2 sequence from an MR examination shows agenesis of cor-
pus callosum and a hypoplastic cerebellum
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Nevertheless, there are reports in the literature describing 
spontaneous subdural hematomas in infants with BESS, which 
may be secondary to stretching of bridging veins crossing 
through the subarachnoid and subdural spaces and secondary 
to increased motion of the brain within the skull.

3  Ultrasound of the spine

3.1  Ultrasound of the Spine

Sonographic imaging of the spine is obtained through the 
back, and is achievable while the posterior elements of the 
vertebrae are incompletely ossified. Therefore, it is most 

 successful in the neonatal period and in early infancy and is 
significantly limited after the age of 6 months. Because of its 
clinical ease and the lack of need for sedation, ultrasound is 
considered the first modality of choice for imaging of the 
spinal canal during the neonatal period. In experienced 
hands, ultrasound has been shown to be highly accurate, 
hence MRI examinations are reserved for cases where ultra-
sound images were inadequate, inconclusive or when abnor-
malities are detected that require surgical planning.

Indications for a spinal sonogram include, but are not lim-
ited to the following:
• Lumbosacral stigmata that may be associated with spinal 

dysraphism or spinal cord tethering including a dimple, 
hair tuft, mass or a skin tag.

a b

Fig. 12 Alobar holoprosencephaly in a term newborn. (a) Sonographic image in the coronal plane demonstrates a large mono-ventricle (green 
arrow) and fusion of the thalami (yellow arrow). (b) Axial T2 sequence from an MR examination demonstrates the same findings

Fig. 13 Benign enlargement of the subarachnoid spaces in a 5 month old infant who presented with macrocephaly. Coronal images demonstrate 
prominence of the subarachnoid spaces in the vertex bilaterally (arrows)
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• Sacral anomalies that may be associated with caudal 
regression syndrome.

• Anorectal malformations.
• Guidance for lumbar puncture in difficult cases.
• Evaluation for a hematoma following a lumbar puncture, 

from birth trauma or in infants with intracranial 
hemorrhage.

3.2  Technique and Normal Anatomy

Sonography of the infant spine should be performed using 
high-frequency linear array transducer, typically ranging 
from 9 to 12 MHz or higher. In larger babies, it may be nec-
essary to utilize a lower-frequency transducers ranging from 
5 to 9  MHz. A curvilinear transducer ranging from 3 to 
9 MHz may be needed if a larger field of view is desired.

The examination is performed with the infant in prone 
position. A reverse Trendelenburg tilt may increase the 
amount of CSF in the spinal canal and improve visualization 
of its components.

The spinal canal is scanned in the transverse and sagittal 
planes. The entire spine including the cervical, thoracic and 
lumbosacral spine may be scanned; however, in the majority 

of cases a scan of the lumbosacral spine is sufficient to evalu-
ate for spinal cord tethering or lumbosacral spinal dysraphism. 
Images are obtained through the spinal cord to assess for nor-
mal morphology and to determine the level of termination of 
the cord (Figs. 14 and 15). The cord is hypoechoic. The central 
canal within the cord is depicted as an echogenic line along the 
midline of the cord on the sagittal images and as an echogenic 
dot at the center of the cord in the transverse images. The cord 
terminates with the conus medullaris which is conical in shape 
and has a sharp tip. It is considered normal for the cord to ter-
minate at or above the level of L2-3 and in preterm infants’ 
termination at the level of the mid-body of L3 is considered 
the lowest limit of normal, but this should be followed with 
further sonograms to confirm that the cord reaches a normal 
level acceptable for a term infant. Vertebral body levels can be 
determined by one or more of the following methods:
• Identification of the Lumbosacral angle and hence L5 and 

S1 vertebrae (Fig. 14)
• Identifying the last rib and assuming the vertebra bearing 

this rib is T12 (Fig. 15)
• Identifying the tip of the thecal sac and assuming it is 

positioned at the level of S2 (Fig. 14)
• Counting from the first ossified coccyx segment (which 

may be variable and irreproducible).

Fig. 14 Normal spinal 
sonogram. The conus 
medullaris is identified at the 
level of L2/3 (green arrow), 
the central canal within the 
spinal cord is identified as an 
echogenic line (white arrow), 
the filum terminale is a linear 
echogenic structure extending 
from the conus caudally (blue 
arrow). Cauda equina nerve 
roots are seen as well (red 
arrows)
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If the vertebral body level cannot be determined using 
these methods, the position of the tip of the cord may be 
marked on the skin with a radiopaque marker under ultra-
sound and then a radiograph of the spine may be obtained. 
This will allow accurate determination of the vertebral body 
levels and most importantly will allow determination of the 
level of the spinal cord tip.

The level of the spinal cord tip is important when assess-
ing for tethering, however it is also important to assess for 
motion of the cord and nerve roots with CSF pulsation, 
which is done with a CINE clip in the sagittal plane. It is also 
important to assess the position of the cord within the spinal 
canal, as the cord should be at the center of the canal. 
Posterior deviation of the cord within the canal, (Fig.  16) 

a b

c d

e f

Fig. 15 Normal spinal ultrasound (a) Sagittal image lateral to the spine 
demonstrates the 12th rib marked as T12. (b) Mid-sagittal image dem-
onstrating the tip of the conus medullaris at the level of L1/2 (white 
arrow). (c) Sagittal image below the level of the cord demonstrates the 
cauda equina nerve roots (red arrow) and the filum terminale (blue 
arrow). (d) Mid-sagittal image at the level of the coccyx demonstrates 

the hypoechoic un-ossified coccyx (green arrow). (e) Transverse image 
at the level of the spinal cord demonstrates the central canal as an echo-
genic dot at the center of the cord (white arrow), and the echogenic 
cauda equina nerve roots surrounding the cord (red arrows). (f) 
Transverse image below the level of the cord demonstrates the filum 
terminale (blue arrow) and the cauda equina nerve roots (red arrow)
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particularly with the infant in prone position, raises suspi-
cion of tethering even if the cord terminates at a normal level.

Scans should extend below the level of the cord to demon-
strate the filum terminale and the cauda equina nerve roots, 
as well as to evaluate for sinus tracts leading from the skin 
surface into the spinal canal. The normal filum terminale 
should measure up to 2 mm in thickness and should be mildly 
echogenic, similar to the cauda equina nerve roots (Fig. 15). 
The canal should be evaluated for a hematoma and for any 
abnormal loculations of fluid such an arachnoid cysts as well 
as for masses such as a lipoma.

3.3  Imaging Findings

There are several anatomical variants that may be detected 
incidentally on a spinal sonogram and do not cause any 
clinical symptoms. The most common is a filar cyst (Fig. 
17), which is a cyst within the filum terminale and ven-
triculus terminalis. The ventriculus terminalis is a small, 
ependyma lined, oval, cystic structure positioned at the 
transition from the tip of the conus medullaris to the origin 
of the filum  terminale. These findings usually regress after 
the first few weeks of life.

a

b

c d

Fig. 16 Tight filum and 
tethered cord - (a) Sagittal 
image demonstrates the distal 
cord and the conus medullaris 
positioned at the posterior 
aspect of the spinal canal 
(green arrows). (b) Sagittal 
and (c) Axial images below 
the level of the cord 
demonstrate a thick and 
echogenic filum terminale 
(red arrows). (d) Sagittal T2 
sequence from an MR 
examination demonstrates a 
tethered cord terminating at 
the level of L3/4 with a short 
fibrotic filum terminale
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Congenital anomalies that may be detected on a spinal 
sonography include a sinus tract from the skin into the spinal 
canal (which is epithelial lined and is typically echogenic on 
the background of anechoic CSF), a  tight filum (Fig.  16) 

(which presents as thickened echogenic filum due to fibrous 
and/or fatty changes with a low lying spinal cord positioned 
posteriorly within the spinal canal as it is tethered), a spinal 
lipoma (which appears as an echogenic mass attached to the 
cord), syringohydromyelia (demonstrated as a dilated, fluid 
filled central canal) (Fig. 18), as well as findings in the spec-
trum of caudal regression syndrome in which the spinal cord 
may terminate in a relatively high position with a truncated 
blunt ending rather a sharp conical shape of the conus medul-
laris. Other findings of spinal dysraphism such as meningo-
cele and lipomyelocele (Fig.  19) may be detected as well 
with a spinal sonogram. However, in these cases MRI is fre-
quently performed as the first modality of choice to better 
delineate the abnormalities and for surgical planning. Post- 
delivery or post-instrumentation hematomas may be also 
detected on a spinal sonogram.

Fig. 17 Filar cyst. Ssagittal image demonstrates a cyst within the filum 
terminale (arrow)

Fig. 18 Mild dilatation of the central canal in a newbrn with an anorectal malformation and vertebral segmentation anomalies. Sagittal image 
demonstrates the central canal within the cord to be mildly dilated with fluid (arrows)
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sonographic image on the left demonstrates a tethered cord terminating 
at the level of S2 (white arrow). The cord is attached to an echogenic 
mass which represents adipose tissue within the spinal canal (red 

arrow). The image on the left is a sagittal T1 sequence from an MR 
examination, demonstrating sacral dysraphism with fat in the spinal 
canal attached to the low lying spinal cord. The fat in the spinal canal 
communicates with subcutaneous fat via the sacral defect
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1  Use of Pelvic Ultrasonography

It is well understood that advancements in imaging technol-
ogy with Computed tomography (CT), and Magnetic 
Resonance Imaging (MRI) provide invaluable and detailed 
imaging. These modalities provide useful information that 
guides both the management and treatment of patients. 
However, these imaging studies are expensive, require spe-
cific facilities for equipment, and often multiple operators or 
technicians. Additionally, these studies often require the use 
of dye or contrast which cannot be safely administered until 
laboratory studies have been reviewed and the absence of 
allergy to the agent has been confirmed. Patients with limited 
renal function may not be good candidates for imaging stud-
ies with dye or contrast due to delayed renal clearance. 
Additionally, patients with claustrophobia or large body hab-
itus may be limited in their use of these modalities. While 
some of the studies can be obtained without dye or contrast, 
the majority of imaging related to the pelvis requires its use 
to obtain adequate results. The use of ultrasonography is 
safe, less expensive, and readily available [1]. Unlike other 
options for imaging, many forms of ultrasound are portable 
and can be mobilized to any patient or location. In resource 
limited environments, ultrasonography may be the only 
available option. Despite the evolution of technology, pelvic 
ultrasonography remains the preferred initial choice for 
imaging the female pelvis [2].

Indications for use of pelvic ultrasound include but are 
not limited to menstrual irregularities including amenorrhea, 
dysmenorrhea, abnormal uterine bleeding, delayed menses, 
polycystic ovarian syndrome; acute or chronic pelvic pain; 

suspected pelvic lesion or mass; infertility assessment and 
management; surveillance of previously detected abnormali-
ties; evaluation of Mullerian and Congenital anomalies; 
identification and location of a foreign body; positioning of 
an intrauterine device; postoperative complications; local-
ized guidance for invasive procedures; and as a part of the 
pre-operative gynecologic work up [3–5].

2  Examination Positioning 
and Techniques

In 2014 the American Institute of Ultrasound in Medicine 
(AIUM) published guidelines in regards to the safe and 
effective performance of pelvic ultrasound [4]. AIUM col-
laborates with the American College of Radiology (ACR), 
the American College of Obstetricians and Gynecologists 
(ACOG), the Society for Pediatric Radiology (SPR), and the 
Society of Radiologists in Ultrasound (SRU) to publish stan-
dardized guidelines useful for education, research and 
accreditation. Complete imaging of the female pelvis 
includes both trans-abdominal and trans-vaginal studies [4, 
5]. Imaging of the female pelvis is unique in that it can 
involve the use of a special ultrasound probe placed trans-
vaginally. The transvaginal probe is inserted through the 
vagina and images are obtained with higher clarity and accu-
racy than with the trans-abdominal approach.

2.1  Transvaginal Ultrasound Probes

A transvaginal probe is unique compared to an abdominal 
probe due to its use of a higher frequency at 5–10  MHz 
which allows for increased sensitivity [6]. In comparison to 
transabdominal imaging, the probe is physically closer to the 
object of interest, creating less attenuation and a clearer 
imaging [3, 5]. There are detailed specifications for disinfec-
tion and sterilization of the probes prior to each use. The 
transvaginal probe is inserted into a condom shaped cover 
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that is first filled with lubrication gel at the tip. The probe is 
then inserted all the way to the tip of the condom and secured 
at the base. Additional gel is then applied over the probe and 
then inserted into the vagina. Depending on the comfort level 
of the patient, the probe may be inserted by either the patient 
or technician. Facilities have varying guidelines for the pres-
ence of chaperones during the examination.

2.2  Patient Positioning

The patient is placed on an exam table in the dorsal lithot-
omy position. This allows for greater ease of access to both 
the lower abdomen and the vaginal area. Historically, it was 
required for the patient to have a full bladder prior to trans-
abdominal imaging. The rationale being that the full bladder 
would push away bowel in the lower abdomen and repro-
ductive organs towards the sacrum, allowing for better visu-
alization during imaging [6]. Recent data has shown that a 
full bladder is not always necessary, and if a uterus cannot 
be optimally visualized trans-abdominally, it can be re-
assessed during the transvaginal portion of the exam [4, 5]. 
However, if a patient declines the vaginal portion of the 
exam or if due to structural reasons it cannot be performed, 
it is helpful to distend the bladder to improve the identifica-
tion of adjacent structures. When performing a transvaginal 
ultrasound, the reverse is true as structures are best seen 
with an empty bladder [4]. There is also the option to per-
form the imaging transrectally in scenarios where near-point 
imaging data is crucial but the study cannot be performed 
transvaginally. Patient body habitus, and operator technique 
and skill are crucial to obtaining adequate and optimized 
images. All personnel including physicians who perform or 
interpret imaging, and technicians who obtained the images 
are required to maintain specialized certification [4].

3  Imaging of the Female Pelvis 
and Reproductive Tract

3.1  Transabdominal

Trans-abdominal images are obtained with a 3–8 MHz trans-
ducer [3, 5, 6]. Anatomically, the bladder is anterior to the 
uterus and usually is the first structure identified. If the bladder 
is full, it will appear as a large black fluid filled structure 
(Fig. 1). In the case that the bladder is not full, the technician 
may need to place more pressure on the abdominal wall to 
decrease the distance from the probe to the uterus allowing for 
adequate visualization. First, the uterus is imaged in both a 
transverse and longitudinal plane. After the uterus is visualized 
and measured in both planes, the technician will sweep gently 
to the right and left to identify the adnexa. The second struc-

tures identified are the right and left ovaries and the right and 
left fallopian tubes. It is often challenging to adequately iden-
tify and characterize the ovaries on trans-abdominal imaging. 
Because of this, assessment of the adnexal structures are best 
achieved on transvaginal imaging (Fig. 2). The close proximity 
of the ovaries to the major pelvic vasculature allows them to be 
used as adjunct landmarks for the identification of these struc-
tures. Lastly, the posterior cul-de-sac is examined for free fluid 
or masses in the pelvis. Patient body habitus, bowel, or gaseous 
distention may limit the quality of images obtained abdomi-
nally. In this case transvaginal images are more useful.

3.2  Transvaginal

Initially, placing the patient in the lithotomy position or 
frog- leg position will allow for smooth transition to the 
vaginal portion of the exam. The patient is instructed to 
void as transvaginal images are best obtained with an empty 
bladder. For this portion of the exam, the probe is physi-
cally closer to the object of interest, therefore, the clarity 
and detail are better. It is important to ensure that the probe 
is completely inserted to image the deep structures of the 
pelvis. It is also possible to perform transperineal imaging 
when vaginal access is not always feasible, or when the 
object of interest is located low in the vagina. The structures 
in the pelvis are imaged in the same systematic fashion as 
they are trans-abdominally.

4  Uterus & Cervix

The cervix and endocervical canal are seen first. The cervix 
can then be followed to the fundus of the uterus. The appear-
ance and consistency of the uterus should be assessed. 
Nabothian cysts are benign mucous filled cysts seen within 
the cervix on the surface (Fig. 3) [5]. The uterus is identified 

Fig. 1 Transabdominal image showing full bladder anterior to the 
uterus
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and imaged in the transverse and longitudinal (sagittal) 
planes. The depth of the uterus (anteroposterior) is obtained 
longitudinally. The width of the uterus is measured in the 
transverse view. The characteristics of the myometrium and 

endometrium, position of the uterus (anteverted, midposi-
tion, retroverted, anteflexed, retroflexed) and presence of any 
masses should be noted [4]. In this view, the posterior cul-de- 
sac can be assessed as well (Figs. 4 and 5).

Fig. 2 Transabdominal images on the top identify an ovarian cyst. The exact same ovarian cyst is better characterized on the transvaginal images 
on the bottom
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The coronal view in combination with a longitudinal view 
is helpful to identify deviation in the anatomy such as 

 congenital Mullerian anomalies, submucosal leiomyomas, 
as well as the location of intrauterine devices (Fig.  6). 
Additionally, 3-D imaging technology allows for the assess-
ment of the uterus.

5  Endometrial Stripe

The width, texture, and consistency of the endometrium are 
assessed in both the longitudinal and transverse views. The 
endometrial stripe in postmenopausal women is typically thin 
and may be challenging to view. The stripe is easier to evalu-
ate in premenopausal women who possess a thicker, more 
vascular endometrium. The endometrial canal down to the 
inner cervical os should be assessed for fluid, masses or focal 
abnormalities. The endometrial stripe should be measured in 
the anteroposterior fashion, excluding any fluid in the canal or 
adjacent myometrium (Fig. 7) [3, 7]. If a mass or lesion of the 
endometrium is identified, the characteristics of fluid around 
the mass should be detailed and doppler sonography should 
be utilized to further assess the vascularity of the mass or 
lesion [7]. Additionally, saline infusion sonography may also 
be helpful in better characterizing whether the lesion abuts or 
encompasses the endometrium. The appearance of the endo-
metrium closely relates to the phases of the menstrual cycle. 
The endometrium will appear thin in the early proliferative 
phase, until it reaches the luteal phase where it appears thick-
ened and homogenous just before menses [5]. Often, the tri-
laminar, or three-layer appearance of the endometrium is 
often discussed when detailing fertility issues and is often 
seen around the time of ovulation [6, 8].

Given that the appearance and size of the endometrium 
can change drastically during the menstrual cycle, the most 
reliable time to measure the endometrium is during the early 
proliferative phase when it is the thinnest. Measuring the 
endometrium in other phases of the cycle can lead to incor-

Fig. 3 Transvaginal images of Nabothian cysts in the cervix

Fig. 4 Transvaginal longitudinal view of a normal cervix and uterus

Fig. 5 Transabdominal view of a retroverted uterus with the fundus 
deviating posteriorly
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rect diagnoses (Fig.  8). In postmenopausal patients, the 
endometrial stripe should measure less than 4 mm [5, 9]. A 
history of uterine surgery such as an endometrial ablation 
can make it challenging to identify a distinct endometrial 
stripe due to distortion and scarring [10].

6  Adnexal Structures: Fallopian Tubes 
and Ovaries

Identification of the adnexal structures can be challenging. In 
the transverse view at the level of the fundus and cornua, the 
tubo-ovarian ligament can be followed out laterally to the 
ovary and fallopian tube to assist with identification. Abnormal 
or unpredictable positioning of the adnexal structures is com-

mon in the presence of a large fibroid uterus, a history of pel-
vic surgery or hysterectomy, pelvic irradiation, malignancy, 
pelvic inflammatory disease, endometriosis, or inflammatory 
bowel disease. In postmenopausal women, the ovaries are 
often smaller and extremely challenging to identify due to the 
absence of characteristic follicles seen after the cessation of 
folliculogenesis [2]. The length, width, and depth of each 
ovary should be measured. Ovaries should appear smooth in 
contour, without internal echoes, and relatively internally 
avascular. Premenopausal menstruating women will have the 
presence of numerous follicles measuring no more than 3 cm 
in diameter [2, 6]. The ovary should appear full and round, in 
contrast to a thin smeared appearance of post-menopausal 
ovary (Fig.  9). In post-menopausal women large follicular 
cysts are abnormal, however, smaller 10 mm follicles are con-

Fig. 6 Longitudinal (left) and Transverse (right) imaging of an Intrauterine device in correct position

Fig. 7 Demonstrates measurement of the endometrial stripe in a premenopausal woman in the early proliferative phase of menstruation
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sidered a benign variant [2, 6]. Fallopian tubes typically are 
not seen unless they are fluid filled, or if there’s an associated 
lesion. Irregular borders, thick septations, nodules with blood 
flow, abundant vascularity, and solid tissue within the ovary 
may be indicative of malignancy [2, 5].

7  Cul-de-sac

The area posterior to the uterus is called the cul-de-sac or 
pouch of Douglas. This area is assessed for free fluid that can 
be visualized behind the cervix or uterus. Ultrasound has the 
capability to detect 10 mL or more of fluid in the cul-de-sac. 
Free fluid that appears echogenic with debris suggests hema-

toperitoneum, whereas fluid that appears anechoic is sugges-
tive of an inflammatory or infectious process [5]. If the fluid 
does not ascend beyond the fundus it is considered minimal 
[11]. It is normal for the uterus to slide or mobilize over the 
anterior wall of the rectosigmoid, and lack of mobility can be 
suggestive of adhesive disease. During the transvaginal por-
tion of the exam, the cervix should be gently pressed assess-
ing the mobility of the uterus. If the uterus is fixed and 
non-mobile, there is concern for deep seeded endometriosis, 
or pelvic adhesive disease.

8  Doppler Studies

Both transbdominal and transvaginal imaging can be utilized 
to obtain doppler studies in the pelvis. Specifically, this tech-
nology is utilized to assess the vascular characteristics of 
structures by detecting blood flow to, through, or around an 
object of interest [2, 7, 12]. The velocity of red blood cells 
within arteries creates a wave form [13]. Color-coded dop-
pler flow is superimposed over the gray-scale images. The 
color of the flow indicates the direction of the flow; red indi-
cating that the blood is flowing towards the transducer and 
blue indicating flow away from the transducer. Additionally, 
the brightness of the color is proportional to the velocity of 
the flow [5, 14]. In particular, these studies are helpful when 
assessing for ovarian torsion, malignancy, and adnexal 
masses such as ovarian cysts (Fig. 10). For example, a mid- 
cycle study performed in a regularly menstruating woman 
can reveal a vascular circle around the periphery of a cystic 
appearing structure no larger than 3  cm consistent with a 

Fig. 8 Transvaginal imaging of the phases of menses is important to 
note. Clinically this patient was menstruating with menses noted in the 
endometrial canal

Fig. 9 Transvaginal, normal appearing ovaries with small cysts consistent with folliculogenesis in a premenopausal woman on the left. Post 
menopausal ovary on the right
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benign corpus luteum cyst [2, 15, 16]. Due to the increased 
vascularity this could be mistaken for an ectopic pregnancy, 
however, any other abundance of vascular flow maybe con-
cerning for the presence of a malignancy.

9  Saline Infusion Sonography (SIS)

In the late 1990s’s practitioners began to use the technique 
of sonohysterography or saline infusion sonography (SIS) 
to better assess lesions within the endometrial cavity [17, 
18]. SIS is useful when a focal lesion or mass is seen on 
transabdominal or transvaginal imaging that cannot be suf-
ficiently characterized or in the presence of incongruent 
imaging and clinical symptomatology [19]. The first com-
ponent of a SIS examination is a thorough transvaginal pel-
vic ultrasound. The probe is then removed, and a speculum 
is placed into the vagina. The cervix is visualized and 
cleansed with betadine or antiseptic solution. A 7 French 
Catheter is primed with sterile saline and then inserted into 
the cervix to just beyond the internal cervical os [5]. It is 
important to not advance the catheter much further beyond 
the inner os because this may disrupt the pathology within 
the uterus or cause a vasovagal response when advanced to 
the fundus. The speculum should be removed with close 
attention to not displacing the catheter and the transvaginal 
probe is then re-inserted. Slowly, approximately 20–40 mL 
can be injected to the uterus to distend the cavity [5]. During 
instillation of the sterile solution the technician should scan 
the uterus longitudinally and between both cornua for an 
adequate assessment of the cavity. This allows the techni-
cian to assess for a mobile lesion such as a polyp which 
should appear mobile and hyperechoic on imaging. In con-
trast, a submucosal fibroid would conform in a smooth con-
tingent fashion along the endometrium and appear 
hypoechoic like the myometrium [20]. If there is concern 

for malignancy, SIS should not be a substitute for a patho-
logic tissue diagnosis [5]. SIS also be used to assess tubal 
patency. Air and fluid from the uterus should efflux into the 
tubes creating echogenic bubbles that should be seen travel-
ing through each tube. In reproductive age women this exam 
should be performed in the setting of a negative pregnancy 
test and within 10 days of the last menstrual cycle when the 
endometrial lining is ideally the thinnest [17]. If an infection 
or pelvic inflammatory disease is suspected, then the SIS 
should not be performed due the lack of safety information 
in regards to the spread of pathogens into the upper genital 
tract [21]. Complications and side effects of the procedure 
are rare with only a 1% risk of infection [22].

10  Three-Dimensional Ultrasonography

Software now exists that allows the collection of data in 
order to project a 3-D image on a 2-D screen. Data is com-
bined from many different planes, and can convey the vol-
ume of a structure [5, 23, 24]. This allows for detailed 
imaging and spatial orientation. In gynecology, there are 
many uses for this technology including, but not limited to 
the assessment of malignancy, complex adnexal masses, 
uterine cavities anomalies, Mullerian anomalies, and fertility 
related issues. It can then be used for surgical planning, mon-
itoring the growth and size of leiomyomas after a uterine 
artery embolization, and characterization of endometrial and 
ovarian malignancies.

11  Pathology and Clinical Applications

With all imaging it is important to consider the clinical 
picture and symptomatology when creating a differential 
diagnosis.

Fig. 10 Doppler imaging study assessing the vascular characteristics of a pelvic mass of unknown origin on the left and ovarian cyst on the right
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11.1  Leiomyoma

Leiomyomas are the most common neoplasm found in the 
uterus and can either be asymptomatic or present with a vari-
ety of symptoms. The prevalence of affected women is esti-
mated to be 20–40% [25, 26]. Based on their location within 
the myometrium, leiomyomas can be classified as submuco-
sal, intramural, or subserosal [27]. Due to its high tissue con-
trast resolution, multiplanarity, and reproducibility, MRI 
represents the most accurate imaging modality for the evalu-
ation of uterine leiomyomas. However, in comparison to 
ultrasound, MRI is time-consuming, expensive and limited 
to select cases. Indications for MRI, when uterine fibroids 
are suspected, include uncertainty of the anatomic location 
(e.g., uterine, adnexal, intestinal, etc.), histological origin of 
the mass (i.e. differentiating adenomyosis from malignant 
mesenchymal tumors), and accurate characterization of the 
fibroids secondary to uterine size (Fig.  11a, b) [28–30]. 
Moreover, MRI is indicated as a preoperative examination 
for uterine fibroid embolization and thermoablative proce-
dures [31–33].

Uterine leiomyoma (fibroid) appear as solid, well-defined, 
round lesions within or attached to the myometrium. In gen-
eral, they have an inhomogeneous “stripey” or “fasciculate” 
echostructure, characterized by radial shadowing. 
Echogenicity varies according to the different components: 
muscle cells, fibrous stroma, calcification, and lipomatous or 
hyaline degeneration. When fatty tissue is overrepresented, 
myomas may appear hyperechoic [34]. Calcification or a 
hyperechoic capsule caused by deposition of calcium salts is 
more frequently found in the uteri of postmenopausal 
women. Uterine fibroids are usually located in the corpus 
uteri (95%) and rarely in the cervix (5%) [35]. Intramural 
fibroids develop within the myometrial wall and are a more 

common location (50%) [36]. Intramural myomas are usu-
ally well demarcated due to the compression of the myome-
trium and subsequent formation of a pseudocapsule 
(Fig. 11a). When the growth of these masses involves another 
uterine layer, they may be classified as a subserous or a sub-
mucous myoma. Subserosal myomas are located beneath the 
peritoneal covering of the uterus and submucosal ones are 
located within the cavity of the uterus underlying the endo-
metrium (Fig.  12a). A parasitic myoma is a rare type of 
pedunculated subserosal myoma that is partially or com-
pletely separated from the uterus and receives an alternative 
blood supply from other sources, such as the omentum and 
mesenteric vessels [37]. Broad ligament fibroids originate 
from hormonally sensitive smooth muscle elements, extend 
laterally from the uterus and are often confused with adnexal 
masses. In some cases, they can detach from the uterus and 
become mobile within the peritoneal cavity [38].

Submucosal myomas are located in close proximity to the 
endometrium (Fig. 12b). Submucosal myomas are thought to 
represent 5–10% of all leiomyomas, although this may be 
underestimated due to the difficulty in accurately diagnosing 
the location [39]. Submucosal myomas that extend into the 
uterine cavity while being attached to the myometrium by a 
pedicle are classified as pedunculated lesions. These myomas 
which extend into the uterine cavity are classified according 
to the depth of protrusion. The European Society of 
Hysteroscopy classifies submucosal myomas as follows [40]:

• Type 0: fibroid polyp (the mass is located entirely within 
the uterine cavity)

• Type I: >50% contained within the uterine cavity or <50% 
contained within the myometrium

• Type II: <50% contained within the uterine cavity or 
>50% contained within the myometrium

a b

Fig. 11 (a) Transabdominal ultrasound images of a large fibroid uterus. You have limited ability to fully assess the extent of the fibroids secondary 
to overall uterine size. (b) CT imaging as seen on the right is a better imaging study for uteri of this size
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Submucosal myomas can be easily studied by sonohys-
terography, a simple and well-tolerated procedure utilizing 
saline solution as the contrast medium. Published literature 
shows that this procedure provides equal accuracy to hyster-
oscopy in terms of location, breadth of attachment, and 
extent of protrusion into the uterine cavity of submucous 
myomas [36, 41].

Color or power Doppler imaging typically shows that 
myomas are devoid of rich vascularization. Circumferential 
flow around the lesion is often visible (perifibroid plexus), 
while central flow is poor. Centripetal branches reach the 
center of the tumor via peripheral arteries. The peripheral 
vascularity of fibroids is increased compared to that of both 
the normal myometrium and the center of the tumor [42]. 
Doppler ultrasound may facilitate distinguishing an endome-
trial polyp with a single feeding vessel from an intracavitary 
submucosal fibroid tumor or adenomyosis, where vascular-
ization is characterized by diffusely spread vessels [43].

11.2  Leiomyosarcoma

Most benign uterine leiomyomas do not create a diagnostic 
challenge on imaging or microscopic examination because 
they have a classic appearance. However, variant subtypes 
and atypical features can serve as a source of misinterpreta-
tion and misdiagnosis when trying to identify leiomyosarco-
mas (LMS). Uterine leiomyosarcomas are rare aggressive 
tumors that can arise de novo or secondary to malignant 
degeneration of a leiomyoma [44, 45]. Leiomyosarcomas 
represent <0.13% of uterine smooth muscle tumors and have 
a reported prevalence of less than 1% in hysterectomy speci-
mens [46, 47]. A recent large database evaluation suggested 
that unexpected uterine leiomyosarcomas were found in only 
27 of 10,000 women undergoing hysterectomy with morcel-

lation [48]. A Food and Drug Administration analysis in 
2014 found a similar prevalence of unsuspected leiomyosar-
coma in surgical specimens for presumed leiomyoma, with 
1  in 498 specimens [49]. Imaging findings that may raise 
suspicion for uterine leiomyosarcomas include large irregu-
lar masses, heterogeneity, central necrosis, hemorrhage, and 
irregular margins [50].

11.3  Adenomyosis

Adenomyosis is defined as the presence of ectopic endome-
trial glands and stroma within the myometrium. It is a dis-
ease of the inner myometrium and results from infiltration of 
the basal endometrium into the underlying myometrium. 
Transvaginal ultrasonography (TVUS) and magnetic reso-
nance imaging (MRI) are the main radiologic tools for the 
diagnosis of adenomyosis [51]. On ultrasound examination, 
adenomyosis appears as homogeneous tissue with an irregu-
lar ill-defined border that causes asymmetric thickening of 
the affected myometrium. A uterus affected by adenomyosis 
usually appears enlarged and globular with a regular external 
contour while a leiomyomatous one is enlarged with an 
irregular contour.

The characteristic findings of adenomyosis reflect the his-
topathologic changes of the disease process and can be bro-
ken down into three categories:

• Endometrial infiltration: echogenic striations and nodules, 
myometrial cysts, and “lollipop” diverticula (on HSG)

• Smooth muscle proliferation: focal or diffuse myometrial 
thickening with indistinct borders more commonly 
involving the posterior fundus and heterogenous 
 echotexture manifesting as “venetian blind” appearance 
of thin linear shadows

a b

Fig. 12 Transvaginal images. (a) Small subserosal fibroid seen just under the serosa. (b) Larger submucosal fibroid seen abutting the endome-
trium on the right
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• Vascularity: color Doppler demonstrating an increased 
number of tortuous vessels throughout the involved myo-
metrium as opposed to leiomyomas which displace vessels

Adenomyosis affecting the junctional zone causes its 
thickening [36], which is detectable on 3D ultrasound exam-
ination in the coronal plane as an unclear demarcation of the 
endometrium/myometrium interface [36, 52]. The ready 
availability of ultrasound and the higher cost of MRI have 
led to ultrasound becoming the preferred modality for the 
initial evaluation, reserving MRI for equivocal cases [53].

11.4  Structural Abnormalities

The most common pelvic masses in neonates include hydro-
colpos, hydrometrocolpos, and ovarian cysts. Hydrocolpos is 
characterized by distention of the vagina with fluid. 
Hydrometrocolpos is characterized by dilatation of both the 
uterus and vagina, with the vagina usually being distended to 
a greater extent [54]. The distending fluid can be serous, 
mucinous or possibly urinous if there is a urogenital sinus 
present. If the cavities are filled with blood, then the terms 
hematometrocolpos and hematocolpos would be applied. 
The endometrium is intrinsically normal, but the endometrial 
cavity is distended with fluid. Both hydrocolpos and hydro-
metrocolpos result from vaginal or cervical stenosis, hypo-
plasia, or agenesis which is often associated with other 
congenital anomalies of the uterus and kidneys [55]. On 
ultrasound there is a cystic midline mass. The presence of 
internal echoes can represent mucoid material and cellular 
debris. On the other hand, hematocolpos and hematometro-
colpos in adolescent girls are more commonly associated 
with an imperforate hymen without an increase in associated 
congenital anomalies. Ultrasound in these cases typically 
demonstrate an echogenic, tubular, cystic midline mass with 
internal echoes representing fluid and debris [56].

11.5  Congenital Abnormalities

11.5.1  Müllerian Duct and Related Anomalies
The Müllerian (paramesonephric) ducts are the primordial 
components of the female reproductive tract. During embryo-
genesis, they differentiate into the fallopian tubes, uterus, 
cervix, and the upper two-thirds of the vagina. The distal 
third of the vagina develops from the urogenital sinus [57].

Various types of uterine anomalies can occur because of 
nondevelopment or failure of fusion of the distal segments of 
the Müllerian ducts. These include uterine hypoplasia or 
agenesis, unicornuate, didelphys, bicornuate, septate, and 
arcuate uterus. † In addition, There can be a peculiar anom-
aly of uterine morphology that is related to diethylstilbestrol 

referred to as a “T-shaped” uterus [58]. Due to the different 
embryologic origins of the upper two-thirds of the vagina, 
which originates from the Müllerian ducts, and the lower 
third, which originates from the urogenital sinus, vaginal 
anomalies such as hypoplasia, aplasia, duplication, or septa, 
may or may not coexist with uterine anomalies [59].

11.6  Endometrial Stripe

Endometrial abnormalities are common diagnostic chal-
lenges facing the radiologist and referring gynecologist. 
Ultrasound (US) is the primary imaging modality in this set-
ting, but findings at sonohysterography and magnetic reso-
nance (MR) imaging are often correlated with US findings. 
The endometrium demonstrates a wide spectrum of normal 
and pathologic appearances. Disease entities include hema-
tometra and hematocolpos, and ovarian cysts; gestational 
trophoblastic disease; endometritis and retained products of 
conception; and bleeding caused by polyps, submucosal 
fibroids, endometrial hyperplasia, or endometrial adenocar-
cinoma. Accurate diagnosis requires the understanding of 
the fact that the appearance of the endometrium is related to 
multiple factors, including the patient’s age, stage in the 
menstrual cycle, and pregnancy status, as well as whether 
she is taking hormonal replacement therapy or tamoxifen 
therapy [60].

11.6.1  Endometrial Stripe Thickening
Endometrial hyperplasia is an abnormal proliferation of 
endometrial stroma and glands and represents a spectrum of 
endometrial changes ranging from glandular atypia to frank 
neoplasia. A definitive diagnosis can be made only with 
biopsy, and imaging cannot reliably allow differentiation 
between hyperplasia and carcinoma. Up to one-third of 
endometrial carcinomas are believed to be preceded by 
hyperplasia [61]. All types of endometrial hyperplasia (cys-
tic, adenomatous, atypical) can cause diffusely smooth or, 
less commonly, focal hyperechoic endometrial thickening 
(Fig. 13). The US appearance of some lesions can simulate 
that of normal thickening during the secretory phase, e.g. 
sessile polyps, submucosal fibroids, cancer, and adherent 
blood clots, yielding potentially false-positive results [62]. 
Endometrial hyperplasia is considered whenever the endo-
metrium appears to exceed 10 mm in thickness, especially in 
menopausal patients [63], although it can be reliably 
excluded in these patients only when the endometrium mea-
sures less than 5  mm. Endometrial hyperplasia may also 
cause asymmetric thickening with surface irregularity, an 
appearance that is suspicious for carcinoma. Because endo-
metrial hyperplasia has a nonspecific appearance, any focal 
abnormality should lead to biopsy if there is clinical suspi-
cion for malignancy (Fig. 14).
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Abnormal endometrial stripe thickening is a concern in 
postmenopausal patients experiencing bleeding. The dif-
ferential diagnosis can include endometrial atrophy 
(approximately 75% of cases), endometrial polyps, sub-
mucosal fibroids, endometrial hyperplasia, endometrial 
carcinoma (approximately 10%), and estrogen withdrawal 
[64]. Imaging should take place immediately after bleed-
ing has stopped, when the endometrium is presumed to be 
thinnest and any disease entity will be most prominent. 
Endometrial thickness less than 5 mm at transvaginal US 
generally excludes cancer [65]. The atrophic postmeno-
pausal endometrium may also be appreciated on MR imag-
ing. Any thickness greater than 4  mm in the setting of 
postmenopausal bleeding or any endometrial heterogene-
ity or focal thickening seen during transvaginal US should 

be investigated further with sonohysterography, biopsy, or 
hysteroscopy.
Endometrial adenocarcinoma is a common invasive gyneco-
logic malignancy. US signs of endometrial carcinoma 
include heterogeneity and irregular endometrial thickening. 
These signs are nonspecific and can be seen in endometrial 
hyperplasia as well as polyps, leading to biopsy of almost 
any irregularity in the setting of postmenopausal bleeding. 
However, polypoid tumors tend to cause more diffuse and 
irregular thickening than a polyp and more heterogeneity 
than endometrial hyperplasia [66]. A more specific US sign 
is irregularity of the endometrial-myometrial border, a find-
ing that indicates invasive disease. A small amount of fluid in 
the endometrial canal is likely related to benign cervical ste-
nosis and does not require further evaluation. However, an 
intrauterine fluid collection in a postmenopausal patient, 
although possibly related to cervical stenosis, should raise 
concern for endometrial (or cervical) carcinoma.

11.7  Endometrial Lesions

11.7.1  Endometrial Polyps
Endometrial polyps are a common cause of postmenopausal 
bleeding and are commonly seen in patients receiving 
tamoxifen. Although endometrial polyps may be visualized 
at transvaginal US as nonspecific endometrial thickening, 
they are frequently identified as focal masses within the 
endometrial canal. Polyps are best seen during sonohys-
terography and appear as echogenic, smooth, intracavitary 
masses outlined by fluid (Fig. 15) [67, 68].

Fig. 13 Transvaginal. Presence of an Endometrial cyst in a normal 
thickness endometrial stripe in premenopausal woman

Fig. 14 Transvaginal. Thickened endometrial stripe in a postmeno-
pausal women who was subsequently diagnosed with Endometrial 
adenocarcinoma

Fig. 15 Transvaginal. Endometrial polyp
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Cystic spaces corresponding to dilated glands filled with 
proteinaceous fluid may be seen within the polyp [69]. The 
polyp may be broad-based and sessile or pedunculated. The 
point of attachment should not disrupt the endometrial lin-
ing [68]. Polyps may also be seen during hysterosalpingog-
raphy as pedunculated filling defects within the uterine 
cavity or with T2-weighted MR imaging as low signal-
intensity intracavitary masses surrounded by high-signal-
intensity fluid and endometrium. Color Doppler US may be 
used to image vessels within the stalk. Fibroids or foci of 
endometrial hyperplasia or carcinoma can mimic a sessile 
polyp, and foci of atypical hyperplasia are sometimes found 
within polyps [62, 68].

11.8  The Cervix

The cervix is homogeneous in echotexture and similar in 
echogenicity to the uterine body, with a hypoechoic central 
canal. When imaging via CT, the cervix may not enhance 
like the remainder of the uterus, and the inner stromal layer 
typically enhances less than the outer stromal layer [70]. The 
endocervical canal, which can be identified by MR imaging, 
is indistinct on CT imaging. The lateral margins of the cervix 
can typically be differentiated from parametrial fat because 
of differences in density. However, CT is not sensitive for 
parametrial involvement in the setting of cervical cancer 
[71]. Nabothian cysts, which are formed by the retention of 
mucus within the endocervical glands, are commonly pres-
ent in the cervix of parous women. They are multiple, trans-
lucent or opaque, and whitish to yellow on examination. 
Nabothian cysts usually occur at the transformation zone of 
the uterine cervix and are a few millimeters to 4 cm in diam-
eter [72]. Although they are usually small and asymptomatic, 
large ones are rare and may be confused for benign or malig-
nant tumors. They are commonly reported on ultrasound, but 
they are hyperintense on T2-weighted imaging and may have 
variable T1 signal, ranging from isointensity to hypointen-
sity. Nabothian cysts typically have no solid enhancing com-
ponents [72, 73].

11.9  Fallopian Tubes

11.9.1  Hydrosalpinx
Commonly, the fallopian tubes are not seen on imaging. 
However, when pathology is present, they are readily identi-
fied near the ovaries. The presence of a tubular shaped mass, 
cystic in appearance with or without projections, is indica-
tive of a hydrosalpinx when seen on imaging. The folds of a 
fallopian tube may represent “beads on a string” [2, 74–76]. 
The tubular structure may often have incomplete projections 
or septations arising from the top and bottom part of the 

structure Also referred to as the waist sign [77]. Importantly, 
the structure should be independent of the ovary. The fluid 
within the structure should appear anechoic (Fig. 16).

11.9.2  Pyosalpinx
A sexually transmitted infection that starts at the vagina and 
endocervix and ascends up to The fallopian tubes and subse-
quently the pelvis is called pelvic inflammatory disease [21, 
77]. Specifically, the fimbriae of the fallopian tube become 
obstructed due to the inflammatory reaction. The fallopian 
tubes become thickened, distended, and subsequently fill 
with pyogenic material [21]. Like a hydrosalpinx, ultrasound 
will show a distended tubular structure with debris, and 
echogenic fluid. On Doppler imaging, the fallopian tube 
walls may appear hypervascular (Fig. 16) [77].

11.10  Ovaries

Cystic structures less than 3 cm are considered within nor-
mal limits and physiologic in nature in reproductive age 
women [2]. However, structures larger than that are classi-
fied as pathologic ovarian cysts. All cystic structures in 
reproductive age women >3  cm should be investigated in 
detail on ultrasonography [2]. In postmenopausal women, 
cysts >1  cm should be detailed. Approximately 1% of the 
time, malignancy may be found in these lesions seen on 
ultrasonography [2]. The majority of ovarian cysts are of 
benign etiology and are classified as functional or benign 
neoplastic cysts [5].

11.10.1  Functional Cysts
In a reproductive age woman, a normal ovary has a variable 
appearances during the different stages of the menstrual 
cycle. Cysts that originate from ovarian follicles during fol-
liculogensis are defined as functional cysts [5]. These cysts 
are either corpus luteal cysts, or follicular cysts and develop 
secondary to the collection of intrafollicular fluid, or hemor-
rhage in the case of a corpus luteal cyst. Functional cysts dif-
fer from other cysts because they are due to a collection of 
fluid as opposed to the proliferation of cells (Fig.  17). On 
imaging, follicular cysts are commonly referred to as simple 
cysts with regular borders, thin walls, and anechoic centers.

11.10.2  Hemorrhagic Cyst
Preceeding ovulation a dominant cyst on the ovary called a 
corpus luteum develops. Characteristically, the cyst has thick 
walls, no greater than 3 cm, and a peripheral ring of vascular-
ity seen on color doppler [2]. Hemorrhage occurs within the 
walls of the corpus luteum. In the case that the hemorrhage 
expands, a hemorrhagic cyst will develop. On imaging they 
appear as cystic masses with a reticular (fishnet, cobwebs, 
lacy) pattern (Fig. 18). Hemorrhagic cysts occasionally are 
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solid appearing with concave areas and the absence of blood 
flow [2]. On average these cysts resolve in 8 weeks [2]. Any 
hemorrhagic cyst >5  cm should have repeat imaging to 
assess for resolution. Post-menopausal women do not ovu-
late; therefore, the presence of a hemorrhagic appearing cyst 
should be concerning for malignancy.

11.10.3  Benign Neoplastic Ovarian Cysts
Benign Serous and Mucinous Tumors. Surface epithelial 
cysts are classified as serous or mucinous and are lined with 
cells similar to those found within the fallopian tube. 
Approximately 20% of the time these cysts occur bilater-
ally [5]. On imaging these cysts appear oval in shape and 

Fig. 16 Transvaginal doppler study and 2-D imaging, Hydrosalpinx (right) compared to Pyosalpinx (left)

Fig. 17 Transvaginal. Functional cysts of the ovary. Simple in appearance and <3 cm
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have thin, smooth walls. These cysts do not have any solid 
components, septations, or vascularity. They are typically 
anechoic or appear as solid black on the ultrasound. Up to 
approximately 10 cm, most cysts are thought to be benign. 

Mucinous cystadenoma and serous cystadenoma are the 
most common types of simple cysts on imaging; however, 
they require a pathologic diagnosis for confirmation. These 
cysts are most commonly benign and asymptomatic in most 
women (Fig. 19).

11.10.4  Endometriomas
Endometriosis occurs when endometrial glans and stroma 
are present outside of the uterus. The disease process is typi-
cally confined to the pelvis. Endometrial implants can be 
found on the uterosacral ligaments, periosteum, bowel, pos-
terior cul-de-sac, and ovaries [5]. Implants found on the 
ovaries can develop into cystic lesions called endometrio-
mas. There is a high sensitivity for the diagnosis of endome-
triomas on ultrasound when lesions measure greater than 
20 mm [78]. On ultrasonography, endometriomas are cystic 
with a “ground glass” appearance, no solid components, and 
low- level internal echoes. They typically are unilocular and 
may have up to 4 mm thin septations [79]. Endometriomas 
are similar in appearance to corpus luteal cysts but have 
thicker walls and lack the vascular characteristics [80]. 

Fig. 18 Transabdominal. Three centimenter hemorrhagic cyst with the 
reticular pattern within the cyst

Fig. 19 Transvaginal. Mucinous vs serous cyst of the ovary
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Endometriomas lack internal color flow on doppler imag-
ing, and should not have wall nodules. Given that these cys-
tic lesions can often imitate hemorrhagic cysts, repeat 
imaging in 6–12 weeks should be performed [2]. Resolution 
of the cysts would indicate that it was hemorrhagic in origin. 
A stable appearance of the cyst would confirm an endome-
trioma. The pathophysiologic mechanism in endometriosis 
is hormone dependent, therefore they are more common in 
reproductive age women. Occasionally, endometriomas that 
are multilocular in appearance can be seen in postmeno-
pausal women. Approximately 1% of these cysts can trans-
form into endometrioid or clear cell carcinoma [81].

11.10.5  Dermoid Cyst
Dermoid cysts are often referred to as ovarian teratomas. 
These cysts originate from the germ cell layers including 
ectoderm, mesoderm, and endoderm [5]. Dermoid cysts are 
classified into two different groups; mature or immature tera-
tomas. Immature teratomas are classified as malignant 
lesions and arise from a combination of one or all of the three 
germ cell layers. Mature teratomas are classified as a benign 
lesion. There are three different types of mature teratomas; 
mature cystic teratoma, mature solid teratoma, and fetiform 
teratoma [5]. Among these the mature cystic teratomas are 
the most common. In general, the term “dermoid” most often 
refers to a mature cystic teratoma [2]. On average, these cysts 
are approximately 5–10  cm and are usually slow growing 
[82]. On ultrasonography, mature cystic teratomas have a 
distinct appearance. Given that the cyst contains all germ cell 
layers, they often are composed of hair, fat, bone, and seba-
ceous fluid. The presence of hair may create linear demarca-
tions, lines, dots, and areas of acoustic shadowing [2, 5]. 
Rarely, floating spherical shaped structures can be seen 
within the cyst [83]. The Rokitansky protuberance is pathog-
nomonic for the dermoid cyst and appears as rounded 
 intramural nodules that are hyperechoic creating acute angles 
within the cell wall. Dermoid cysts should be followed by 
ultrasound every 6–12  months if they are not surgically 
removed. The risk of malignant transformation is less than 
2% and most commonly occurs in women greater than 
50 years of age [2, 84, 85].

11.11  Ovarian Torsion

Ovarian torsion is a gynecologic surgical emergency that can 
occur in women of all ages, with the highest prevalence in 
postmenarcheal, premenopausal women [86]. Symptoms of 
ovarian torsion are often nonspecific, making it difficult to dif-
ferentiate from other causes of acute abdominal pain. The 

classic presentation includes sharp, localized right or left 
lower abdominal pain and tenderness with a palpable abdomi-
nal mass and peritoneal signs. Waves of nausea and vomiting 
as well as pyrexia have been observed [87–89]. In some cases, 
patients experience intermittent pain, making the diagnosis 
even more challenging [87]. The twisted ovary initially has 
compromised venous and lymphatic outflow, usually with sus-
tained arterial inflow, resulting in edematous enlargement that 
stretches the ovarian capsule, causing pain [90].

Ultrasonography (US) is the primary imaging modality 
for evaluation of ovarian torsion. One series studying the 
effectiveness of US in diagnosing ovarian torsion yielded a 
positive predictive value of 87.5% and specificity of 93.3%, 
corroborating the potential for expeditiously making the 
diagnosis with this imaging modality [91]. US features of 
ovarian torsion include a unilaterally enlarged ovary, uni-
form peripheral cystic structures, a coexistent mass within 
the affected ovary, free pelvic fluid, lack of arterial or venous 
flow, and a twisted vascular pedicle [91, 92]. The most con-
sistent finding in ovarian torsion is a large ovary [93].

This enlargement of the ovary is the hallmark of imaging 
findings in ovarian torsion; a morphologically normal- 
appearing ovary effectively excludes torsion as a diagnostic 
possibility [94, 95]. The presence of flow during color 
Doppler imaging does not allow exclusion of torsion, but 
instead suggests that the ovary may be viable, especially if 
flow is present centrally [90]. The classic color Doppler sono-
graphic finding in ovarian torsion is the absence of arterial 
flow, but Doppler flow manifestations are highly variable due 
to the degree of vascular compromise. In one study involving 
patients with confirmed ovarian torsion, the absence of 
 arterial flow was found in only 73% of cases [93]. In another 
study, 60% had normal color Doppler flow findings [93, 96].

Comparison of the gray-scale US appearance and flow of 
the contralateral ovary may aid significantly in diagnosis and 
is recommended to be performed at every examination. In 
addition, at transvaginal US, local tenderness of the affected 
ovary can be elicited in comparison with the fallopian tube, 
uterus, and neighboring structures. Local tenderness is 
exquisite in ovarian torsion and is not assessable with other 
imaging techniques [90].

11.12  Pelvic Inflammatory Disease

Pelvic inflammatory disease (PID) is a polymicrobial ascend-
ing infection that causes inflammation of the upper genital 
tract, including endometritis, salpingitis, pelvic peritonitis, 
and occasionally leading to tuboovarian abscess (TOA) for-
mation [97]. The clinical presentation of pelvic inflamma-
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tory disease (PID) is variable and can mimic other causes of 
acute pelvic pain. Systemic signs of infection, such as fever 
and an elevated white blood cell count, and pertinent physi-
cal examination findings, such as mucopurulent cervical dis-
charge, leukorrhea, and cervical motion tenderness, can help 
to confirm the diagnosis of PID, but these features are not 
always present or reliable [98].

Pelvic ultrasound is not needed to make the diagnosis but 
is often used when the clinical diagnosis is uncertain. 
Although transvaginal ultrasound has limited ability to diag-
nose acute PID [99], the sonographic features of PID are 
important to recognize [100] and can lead to the develop-
ment of tuboovarian abscess in some cases. The sonographic 
findings associated with the fallopian tubes are the most 
important features of PID that help to distinguish this condi-
tion from ovarian hemorrhage and ovarian torsion. As the 
tube and mesosalpinx become increasingly inflamed, they 
become edematous and hyperemic with thickening of the 
endosalpingeal folds. It produces an exudate that pours into 
the pelvis. This tubal and mesosalpingeal edema may ini-
tially be distinct from the ovary, and hyperemia seen with 
color Doppler imaging distinguishes this from a paraovarian 
clot that can be seen in some cases of ovarian hemorrhage 
with a leaking corpus luteum [86]. If the tube fills with exu-
date, it often has echoes, which can make the presence of the 
fluid subtle; when recognized, it often has a characteristic 
tubular configuration that may exhibit incomplete “septi” 
(thickened folds seen in the long axis) and the “cog wheel 
sign” (thickened folds in cross-section) [101].

With progression, the inflammation involves the ovary, 
such that the margin of the ovary is no longer distinguishable 
from the tube and mesosalpinx. At this stage, the sonographic 
findings become more confusing, indistinguishable on imag-

ing from an ovarian malignancy, appearing as an adnexal 
mass with poorly identified margins, usually with locules of 
fluid containing echoes. The terminology for the adnexal 
inflammatory process is confusing [102–104]. Some reserve 
the term “tuboovarian abscess” for the case where an encap-
sulated collection of pus is evident, but others point out that 
these inflammatory collections are often multiloculated. In 
most cases, “tuboovarian phlegmon” would probably more 
accurately convey the heterogeneity of the composition of 
the inflamed tissue, but historically this term has not been 
used (Fig. 20) [86].

11.13  Peritoneal Inclusion Cysts

Cystic structures located in the pelvis that are non-ovarian in 
origin are defined as peritoneal inclusion cysts [105]. These 
cysts are also referred to as peritoneal pseudo cyst and 
inflammatory cyst of the pelvic peritoneum. Given the loca-
tion and appearance they can easily be confused with adnexal 
masses.

Peritoneal adhesions caused by endometriosis, prior pelvic 
surgery, or pelvic inflammatory disease and an active ovary 
are necessary for the development of inclusion cysts. Current 
proposed theories are that absorption within the pelvis is 
delayed when there are many adhesions present. Due to ste-
roidogenesis the ovary naturally secretes fluids [105]. The flu-
ids are then trapped within these adhesions and lead to the 
development of peritoneal inclusion cysts [106, 107]. On 
imaging the ovaries are often seen lying adjacent to the mass 
or suspended within the mass [3, 108]. Since these cysts are 
isolated, they can follow the contour of surrounding organs 
and can be with or without the presence of septations (Fig. 21).

Fig. 20 Transvaginal. Pelvic inflammatory disease/tuboovarin abscess. Thickened walls indicating an inflammatory process and heterogenous 
fluid
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12  Conclusion

There are many different imaging appearances of the normal 
and abnormal uterus, tubes and ovaries. Ultrasound is usu-
ally the first modality utilized in the workup, but other 
modalities such as sonohysterography, hysterosalpingogra-
phy, CT and MRI may aid in the diagnosis. For an accurate 
diagnosis, the patient’s age, menstrual status, pregnancy sta-
tus, and use hormonal replacement therapy should be taken 
into account.
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Ultrasound for Spine and Nerve Blocks

Chiedozie C. Uwandu, Emily Bouley, Timothy Montet, 
Mark R. Jones, and Alan David Kaye

1  Introduction

Historically, anesthesiologists have relied on the palpation of 
anatomical landmarks for placement of neuraxial anesthesia. 
These landmarks include the iliac crests, spinous processes 
and interspaces. However, these are often challenging to 
identify due to patient variability and abnormal spine anat-
omy such as scoliosis. The increasing prevalence of obesity 
worldwide also contributes to the difficulty of relying on pal-
pable landmarks for safe placement of neuraxial anesthesia. 
Problems with positioning, increased depth of ligamentum 
flavum, and inadequacy of equipment (such as the needle 
being too short) in obese patients also complicate the tradi-
tional landmark approach [1, 2].

The use of ultrasound guidance provides many advan-
tages for the performance of neuraxial anesthesia. It can be 
used for real time guidance of the needle to the target and for 
visualization of the intervertebral space and the interlaminar 
window. It can estimate the depth to the ligamentum flavum 
in obese patients or patients with prior spine surgery, and, in 
patients with scoliosis, it can identify and quantify the rota-
tion and curvature of the spine. It increases the safety profile 
of neuraxial anesthesia due to the ability to visualize critical 
structures such as blood vessels. Furthermore, it decreases 

the likelihood of multiple attempts at needle placement and 
the accompanying discomfort to patients [1–3].

2  Anatomy

Spinal vertebrae are composed of a body and a vertebral 
arch. The vertebral arch has a pedicle on each side that sup-
ports a lamina. The laminae support the spinous process pos-
teriorly which is used as the primarily palpable landmark in 
neuraxial blockades. The spaces between pedicles of adja-
cent vertebrae comprise the intervertebral foramen (interver-
tebral spaces). Each vertebra has transverse processes that 
run horizontally and superior and inferior articular processes 
that form the facet joints with the articular processes of the 
adjacent vertebrae.

The thoracic spine is made up of 12 vertebrae (T1–T12). 
The spinous processes of the upper and middle thoracic ver-
tebrae are angled very steeply. This renders certain ultra-
sound views quite challenging to obtain. However, the 
vertebrae of the lower thoracic vertebrae (T9–T12) are more 
similar to those of the lumbar vertebrae [14].

The lumbar spine is composed of five vertebrae (L1–L5) 
which are the largest segments of the spinal column and 
characteristically do not have transverse foramen in contrast 
to the cervical and thoracic levels. The spinous processes of 
the lumbar vertebrae are oriented such that the processes do 
not overlap the adjacent vertebrae. This orientation creates 
an interlaminar space between adjacent vertebrae where the 
contents of the spinal column can be easily accessed for 
neuraxial anesthesia. Posteriorly, three ligaments provide 
stability to the spinal column and cover the interlaminar 
space: the supraspinous ligament, the interspinous ligament, 
and the ligamentum flavum (superficial to deep) [4].

The caudal epidural space is entered via the sacral hiatus, 
which is formed from the lack of complete midline fusion of 
the laminae of S5, and in some instances S4, vertebrae. Basic 
anatomy of the sacral canal can be seen in Fig. 12. Generally, 
the dura extends down to the S2 level while the epidural 
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space extends down to the sacral hiatus, which is around S4 
or S5 in the midline of the posterior sacrum. The sacral cor-
nua mark the lateral borders of the sacral hiatus and can be 
palpated just lateral to midline of the distal sacrum [9].

3  Sonoanatomy of the Thoracic Spine

Due to the depth of neuraxial structures, a low frequency and 
curvilinear probe is typically used for imaging, although a 
linear high frequency probe can be used in lower BMI indi-
viduals. Although the bony components of the vertebral col-
umn can often deflect the ultrasound waves and obscure 
optimal image acquisition, recent improvements in ultra-
sound machine technology have improved the practicality of 
ultrasound use for neuraxial anesthesia.

The ease with which the thoracic neuraxial space may be 
viewed with ultrasound depends on the portion being exam-
ined. The four lower thoracic vertebrae (T9–12) are anatomi-
cally and sonographically similar to the lumbar vertebrae 
with broad, minimally angulated spinous processes. In the 
mid and upper thoracic vertebrae (T5–8), the tight inter-
spaces and sharp angulation of the spinous processes lead to 
increased difficulty with visualization of the desired 
structures.

Using ultrasound, the vertebral canal is seen through the 
window created by the intervertebral and interlaminar 
spaces. The ligamentum flavum, the posterior dura mater, 
and the epidural space together generate a hyperechoic struc-
ture seen through these widows during the ultrasound. This 
hyperechoic structure is frequently called the posterior com-
plex (PC) and lies anterior to the transverse process. Another 
similar structure is seen anteriorly which forms from the 
anterior dura mater and the posterior longitudinal ligament. 
This structure is frequently called the anterior complex (AC). 
The anterior and posterior complexes border the hypoechoic 
spinal cord [12].

The parasagittal oblique (PSO) view and the transverse 
interlaminar view are the most clinically significant during 
neuraxial blockades as the ultrasonic window created by the 
interlaminar and intervertebral spaces allows adequate visu-
alization of the spinal column [12].

4  Position and Technique 
for Performing Parasagittal Oblique 
Scan in the Mid Thoracic Region

The patient is placed in either the lateral decubitus or, more 
commonly, the sitting position. The ultrasound machine is 
also placed on the opposite side of the bed from where the 

operator stands. The probe is moved cephalad to identify 
PSO views of the thoracic interlaminar spaces. The mid tho-
racic laminae appear as hyperechoic linear structures on 
ultrasound. They are separated by gaps which represent the 
interlaminar spaces. These spaces should be centered on the 
ultrasound screen and marked on the patient’s skin as well. 
Thus, when attempting to obtain a transverse view, these 
marks help to confirm the location of the interlaminar spaces. 
The intervertebral levels can also be determined by identify-
ing the sacrum and then counting from the L5-S1 junction 
upwards. The depth to the lamina should also be measured as 
an estimate of distance from the skin to the epidural space 
(Fig. 1).

5  Position and Technique 
for Performing Transverse Midline 
Scan in the Mid Thoracic Region

The transverse midline (TM) view of anterior and posterior 
complexes is limited in the mid thoracic region by the con-
siderable overlap of the spinous processes. The structures 
that can be seen include transverse processes, spinous pro-
cesses, lamina and ribs. Thus, the main use of the TM view 
is to identify the location of midline. (Fig. 2).

6  Indications for Thoracic Nerve Block

A thoracic epidural is typically placed for upper abdominal 
and thoracic operations. It is a crucial aspect of the periop-
erative pain management of patients undergoing what can 
typically be very painful surgeries. Thoracic epidurals can 
blunt the stress response to surgery, allow for early mobiliza-
tion after surgery, and decrease the risk of postoperative 
complications such as atelectasis and pneumonia due to 
improved pain control. They have also been shown to 
decrease the rates of postoperative ileus by limiting the 
amount of opioid analgesics the patient requires. Although 
thoracic epidurals do not necessarily improve perioperative 
mortality, they do allow for surgeries to be successfully per-
formed on high risk patients. Additionally, thoracic epidurals 
may reduce mortality in patients who have suffered multiple 
rib fractures [15].

7  Sonoanatomy of the Lumbar Spine

The anterior and posterior complexes depicted in the 
‘Sonoanatomy of the Thoracic Spine’ section are important 
ultrasound landmarks during lumbar blockades. Similarly, 
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the parasagittal oblique view and the transverse interlaminar 
view are the most clinically significant during lumbar block-
ades because the ultrasonic window created by the interlami-
nar and intervertebral spaces is used to visualize both the 
anterior and posterior complexes [12]. The posterior com-
plex and corresponding epidural space are the ultimate target 
for epidural catheter placement.

There are five basic views when using ultrasound to visu-
alize the lumbar spine:
 (i) Parasagittal transverse process view
 (ii) Parasagittal articular view
 (iii) Parasagittal oblique view
 (iv) Transverse spinous process view
 (v) Transverse interlaminar view

Fig. 1 Parasagittal oblique view of the mid-thoracic spine and corre-
sponding magnetic resonance image. Despite the narrow interlaminar 
space, it is possible to visualize the posterior and anterior complex at 
one or more levels. At a minimum, the location of the interlaminar 

space can be determined by the dip or gap between successive laminae 
(L). Note that the spinal cord is hypoechoic and cannot be distinguished 
from the surrounding cerebrospinal fluid. (Reproduced from Jankovic 
and Chin [18])
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8  Position and Technique 
for Performing a Parasagittal 
Transverse Process (PST) Scan 
in the Lumbar Region

For this first view, the ultrasound probe is placed in sagittal 
orientation a few centimeters lateral to the midline of the lum-
bar spine. The transverse processes of the lumbar vertebrae 
appear as finger-like acoustic shadows known as the ‘trident 
sign’ [4]. It is important to note the depth of the transverse 
processes in relation to other structures to ensure correct iden-
tification. Superior to the finger-like shadows are the erector 
spinae muscles and inferior is the psoas major muscle (Fig. 3).

9  Position and Technique 
for Performing a Parasagittal 
Articular (PSA) Scan in the Lumbar  
Region

From the PST view, the probe is moved medially towards 
the spinous processes while maintaining a sagittal orienta-
tion. Hump-like acoustic shadows also known as the ‘camel 
sign’ are seen which are formed by the facet joints [4]. The 
facet joints are more superficial than the previously 
described transverse processes of the lumbar vertebrae 
(Fig. 4).

Fig. 2 Transverse view of the mid-thoracic spine and corresponding computed tomography image. An interlaminar view into the vertebral canal 
cannot be obtained because of the steeply sloping spinous processes and overlapping laminae. (Reproduced from Jankovic and Chin [18])
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10  Position and Technique 
for Performing a Parasagittal Oblique 
(PSO) Scan in the Lumbar Region

The PSO view is attained by medially angulating the probe 
from the PSA view. The hump-like pattern transition to a 
‘sawtooth’ pattern of acoustic shadows which are formed 
from the dense laminae and the interlaminar spaces [4]. In 
this view, the interlaminar space is utilized to visualize the 
contents of the vertebral column, including the posterior and 
anterior complexes which form two hyperechoic, parallel 
lines. While maintaining this orientation, the probe is slid 

caudally on the spine until the sacrum is identified by a long 
horizontal hyperechoic line. The junction of the ‘sawtooth’ 
pattern and the horizontal sacral line represents the L5-S1 
vertebral interspace. While centering this junction on the 
ultrasound image, a mark is made on the patient at the mid-
line of the probe’s long side to identify the location of this 
interspace. The remaining interspaces of the lumbar region 
should also be identified this way by moving cephalad one 
vertebra and repeating the marking process. The interspace 
levels can also be identified in a descending order when the 
T12-L1 level is identified because of the characteristic artic-
ulation of the last rib with the T12 vertebra (Fig. 5).

Fig. 3 Parasagittal transverse process (PST) view of the lumbar spine 
with corresponding computed tomography image and ultrasound probe 
orientation. The finger-like acoustic shadows of the transverse pro-

cesses are shown. This is also known as the ‘trident sign’. (Reproduced 
from Jankovic and Chin [18])
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11  Position and Technique 
for Performing a Transverse Spinous 
Process Scan in the Lumbar Region

For this view, the probe is turned horizontally and placed on 
the midline directly transecting a palpable spinous process of 
the vertebrae. The spinous process can be identified by the 
acoustic shadow shaped like a spire which widens as the 
shadow projects from superficial to deep. The erector spinae 
muscles are superficial and lateral to the spinous process, 
and the lamina of the vertebral bodies are deep to the erector 
spinae muscles where the spinous process shadow begins to 
widen [4]. Although this view has little importance in identi-
fying neuraxial structures, the orientation of the spinous pro-
cess can be helpful in cases of scoliosis (Fig. 6).

12  Position and Technique 
for Performing a Transverse 
Interlaminar Scan in the Lumbar 
Region

By moving the probe slightly caudal or cephalad from the 
TSP view with a cephalad tilt to account for the curvature of 
the spinous process, the acoustic window of the interlaminar 
space is used to visualize the anterior and posterior com-
plexes once again. The anterior and posterior complexes ori-
ent as a hyperechoic ‘equals sign’ that surround the spinal 
cord. The erector spinae muscles are superficial and lateral to 
the hypoechoic interspinous ligament. Once this view is 
obtained and centered, two marks are made on the patient 
corresponding to the midpoint of the probe’s long and short 

Fig. 4 Parasagittal auricular process (PSA) view of the lumbar spine with corresponding computed tomography image and ultrasound probe 
orientation. (Reproduced from Jankovic and Chin [18])
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sides. The intersection of these marks designates the inser-
tion site for the blockade. (Fig. 7) The angle of insertion is 
determined by the degree of cephalad tilt in the ultrasound 
probe needed to visualize this area (Fig. 8) [4].

13  Indications for Lumbar Nerve Blocks

A lumbar epidural is commonly placed for lower abdomi-
nal, pelvic, and lower extremity blocks. It is currently the 
gold standard for anesthesia during labor and delivery. It 
manages intrapartum pain and decreases the mother’s sym-
pathetic response to stress which may induce a decrease in 
blood flow to the placenta. The lumbar epidural catheter 
can also be used for epidural surgical anesthesia in the 

event of an emergent cesarean section or other obstetric 
complication. This allows both the mother and fetus to 
avoid the risks associated with general anesthesia [5]. 
Additionally, lumbar epidural injections with local anes-
thetic alone or in conjunction with steroids are shown to 
provide short- and long-term relief of low back pain and 
lower extremity pain in patients with central spinal stenosis 
and lumbar disc herniation [16, 17].

14  Ultrasound Guided Spinal

Spinal anesthesia involves a single injection of medication 
into cerebrospinal fluid located in the subarachnoid space. 
It has the advantages of quick onset, limited duration, and 

Fig. 5 Parasagittal oblique (PSO) view of the lumbar spine with corresponding computed tomography image and ultrasound probe orientation. 
This depicts the ‘sawtooth’ appearance of the laminae (L) and the alignment of the AC and PC. (Reproduced from Jankovic and Chin [18])

Ultrasound for Spine and Nerve Blocks



278

can avoid the need for general anesthesia in patients with 
multiple comorbidities. In comparison with general anes-
thesia, spinal anesthesia has been shown to lead to better 
outcomes, including reduction in cardiopulmonary adverse 
events, as well as less development of chronic pain and 
lower morbidity and mortality [11]. Spinal anesthesia can 
be used alone or combined with epidural anesthesia to treat 
the pain of labor in the obstetric population. It can also be 
used as a primary anesthetic or an adjunct for surgical pro-
cedures below the umbilicus. In the cancer pain population, 
neurolytic procedures involving the injection of alcohols 
are performed in those with advanced malignant disease to 
treat chronic  cancer pain [10, 12]. Utilization of ultrasound 
for spinal anesthesia can be beneficial in populations where 
spine anatomy may be abnormal or post-surgical changes 
are present. Furthermore, in obese patients, ultrasound 

allows the provider to identify landmarks that are not other-
wise palpable [3].

15  Basic Anatomy and Sonoanatomy

As seen below in Fig. 9, the arachnoid mater lies just deep to 
the dura mater. Deep to the arachnoid mater is the subarach-
noid space within which cerebrospinal fluid is contained. In 
adults, the spinal cord ends in the conus medullaris around 
the level of the L2 vertebrae [12].

The sonographic anatomy for an ultrasound guided spinal 
procedure is the same as would be seen for a lumbar proce-
dure, except that medication is deposited in the subarachnoid 
space rather than the epidural space. Please refer to lumbar 
ultrasound images in the previous section.

Fig. 6 Transverse spinous process (TSP) view of the lumbar spine with corresponding computed tomography image and ultrasound probe orienta-
tion. (Reproduced from Jankovic and Chin [18])
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16  Positioning and Technique

This procedure can be done with the patient sitting, lateral 
decubitus, or in prone jackknife position in the case of the use 
of a hypobaric local anesthetic [12]. Typically the L2/L3 or 
L3/L4 interspace is the desired landmark and landmarks 
should be palpated where possible. Midline, paramedian, or 
Taylor’s approach—a paramedian injection in the L5/S1 inter-
space—may be used [3]. The procedure itself is similar to a 
lumbar epidural, however an introducer needle is often used to 
engage in ligamentum flavum followed by a 25–27 gauge spi-
nal needle with a pencil point tip, which is used to puncture the 
dura and enter the subarachnoid space while minimizing risk 
of post dural puncture headache. In the event a cutting needle 
is used, the bevel should be rotated vertically to align with 
dural fibers and minimize risk of tear. Elderly patients and 
those with stiffer tissues may warrant a 22 gauge cutting nee-
dle if accessing the subarachnoid space proves difficult [3].

17  Caudal Nerve Block

Caudal epidural injections can be performed as a single shot 
block or involve the threading of a catheter for continued 
analgesia. A caudal block will provide anesthesia to the lum-
bosacral region below the umbilicus and can be used in uro-
genital surgery or lower limb surgery [13]. A caudal epidural 
block can also be administered to provide pain control in the 
post-operative period, lessening the need for systemic opi-
oids. Due to safety and efficacy of this procedure, it is a pop-
ular technique in the pediatric patient population. Though it 
can have similar applications in adult patients, the primary 
use of caudal epidural injection in this population is for those 
with chronic pain, particularly patients with radicular pain 
resulting from spinal stenosis or disc pathology and are espe-
cially useful in the context of post laminectomy syndrome, 
pain with sacral involvement, as well in patients whose 
pathology is bilateral or multilevel [6]. This procedure can 

Fig. 7 Transverse interlaminar (TI) view of the lumbar spine with corresponding computed tomography image and ultrasound probe orientation. 
Note that a slight cephalad tilt may be needed to obtain this view. (Reproduced from Jankovic and Chin [18])
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also be beneficial in patients with peripheral neuropathy, 
phantom limb pain, CRPS, and cancer pain as well as pain of 
the pelvis, penis or testicles [7]. Some favor the caudal 
approach in patients with a history of spinal surgery because 
of ease of access to the epidural space. Compared to the lum-
bar epidural approach, the caudal technique also has a lower 
risk of inadvertent dural puncture [8]. Other patient charac-
teristics that support this procedure include those who had 
decreased bone density, gas or feces in the rectum, or where 
fluoroscopy was contraindicated. Furthermore, modified 
positioning strategies can be used in obese patients who are 
unable to lie prone [6].

18  Sonoanatomy of the Caudal Epidural 
Space

The relevant sonoanatomy for a caudal epidural block is 
shown in Fig. 10.

As illustrated in Fig. 11, the proceduralist should scan 
caudally across the sacrum until two sacral cornua appear 
as inverted U’s with the sacrococcygeal ligament between 
them seen as a hyperechoic line [8]. This has been referred 

to as the ‘frog’s eye sign’ because the inverted U’s appear 
similar to the bulging eyes of a frog. Rotation of the probe 
90 degrees to a longitudinal and midline orientation will 
allow for optimal viewing of the sacral hiatus below the 

Fig. 8 In the transverse midline interlaminar view, the midline is cen-
tered on the ultrasound image, and marks are made at the midpoints of 
the probe’s long and short sides. The intersection of these lines, shown 
by the yellow dashed line on the patient, denote an appropriate insertion 
site for a midline approach epidural at that level. (Reproduced from 
Jankovic and Chin [18])

a

b

Fig. 9 (a) Subarachnoid position of the needle (b) Transverse dissec-
tion at the level of L4/L5. (1) Posterior epidural space with fat, (2) ante-
rior epidural space with veins, (3) spinal dura mater, (4) subarachnoid 
space and cauda equina, (5) zygapophysial joint, (6) anterior longitudi-
nal ligament, and (7) posterior longitudinal ligament. (Reproduced 
from Sehmbi and Chin [12])
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sacrococcygeal ligament. The probe position can be 
marked with a surgical marker prior to prepping and drap-
ing the area to maintain orientation. Once the sacral hiatus 
is again identified, the skin and subcutaneous tissues are 
anesthetized along a trajectory towards the sacral hiatus 
in-plane from a caudal to cephalad direction, usually with 
the needle at about a 45 degree angle [7]. Ultrasound probe 
positioning on the patient for in-plane injection as well as 
sonographic image of in- plane injection can be seen in 
Fig. 12.

A 22 or 25 gauge spinal needle (or a Tuohy if a catheter is 
planned) is inserted along the same trajectory through the 
sacrococcygeal ligament, which is typically felt as a ‘pop’ as 
the needle traverses. Once through the sacrococcygeal liga-
ment, aspiration should be performed to ensure no blood or 
cerebrospinal fluid is aspirated as the needle is advanced no 
more than 1 cm further [8]. It should be noted that one of the 
disadvantages to the use of ultrasound is that bony artifacts 
result in a poorly visualized needle tip upon entry into the 
sacral epidural space [6]. Upon completion of the procedure, 
the needle should be removed with a saline flush to clear the 
residual steroid.

19  Summary

In a busy clinical practice wherein landmark technique 
exhibits a high failure rate and use of fluoroscopy can be 
time consuming and impractical, ultrasound has increas-
ing utility for neuraxial procedures. Ultrasound allows for 
improved visualization of anatomy in an era where land-
marks cannot always be relied upon due to patient size or 
anatomical variations. Regional anesthesia procedures of 
the spine are increasing in popularity both as a primary 
anesthetic and an anesthetic adjuvant with concurrent 
increased use in the chronic pain population. With the 
increasing use of ultrasound, there is a breadth of imaging 
resources that can facilitate effective neuraxial anesthetic 
blocks.
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Fig. 10 (a) Axial view over sacral cornua. (b) Green indicates sacro-
coccygeal ligament, SC sacral cornua, asterisk indicates sacral hiatus. 
(c) Sagittal view of sacral hiatus. (d) Dorsal sacrum (left), green indi-

cates sacrococcygeal ligament, asterisk indicates sacral hiatus. 
(Reproduced from Spinner [8])
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d

b

Fig. 11 Ultrasound images of the sacral canal (Reproduced with per-
mission from Philip Peng Educational Series). (a) Short-axis scan of 
the sacrum at the level of the sacral hiatus, displaying the two sacral 
cornua (open arrows), and the hyperechoic sacrococcygeal ligament 
(line arrows) that extends between the two cornua and the sacral hiatus 
(asterisk) which is the hypoechoic space between the sacrococcygeal 
ligament and the posterior surface of the sacrum. (b) Figure same as  
a with frog eyes superimposed on the ultrasound image. (c) Long-axis 
view of the sacrum at the level of the sacral hiatus. (d) Same as c with 

the sacral hiatus outlined by bold arrows. The sacrococcygeal ligament 
(line arrows) is seen extending from the sacrum to the coccyx. More 
cephalad, the acoustic shadow of the dorsal sacrum bone completely 
obscures the ventral sacrum bone of the sacral canal (dashed lines).  
(e) Long-axis view of sacrum showing the needle insertion. (f) Same as 
e with line arrows to outline the needle which cannot be visualized deep 
in the sacral canal (dashed lines). The needle was inserted with in-plane 
technique. (Reproduced from Hanlon and Peng [6])
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Fig. 12 (a) Example of sagittal probe position over sacrum with in- 
plane injection technique. (b) Arrowhead indicates needle tip traversing 
towards sacral hiatus, arrow indicates needle. (Reproduced from 
Spinner [8])
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Use of Ultrasound in Urology

Hemangini Thakkar, Patil Bhushan, Jamil S. Syed, 
and Sujata Patwardhan

1  Introduction

Ultrasonography is a relatively inexpensive and fundamen-
tally important urological assessment modality that can be 
used from antenatal care to adulthood. It is referred to as 
urologist’s stethoscope as it provides valuable information 
that traditional physical examination cannot offer. Advantages 
of ultrasound include but are not limited to an avoidance of 
ionizing radiation, portability allowing use at the bed side, 
intensive care units, operative rooms and real-time functional 
evaluation of various organs.

2  Brief History of Ultrasound in Urology

In 1952 Wild and Reid attempted sonography of the prostate 
transrectally (TRUS); however, they did not succeed [1]. In 
1963 Japanese urologists Takahashi and Ouchi also attempted 
prostate ultrasound, but image quality was not interpretable 
[2]. In 1971 Goldberg and Pollack performed sonography of 
kidneys in 150 patients and they could differentiate solid, 
cystic and complex renal masses with 96% accuracy [3]. 
From here on, ultrasound has grown leaps and bounds to its 
present state with various novel uses.

3  Basic Modes of Ultrasonography

3.1  Grey Scale B Mode Ultrasound

Grey scale is the primary mode of ultrasound used for the 
entire urinary tract. In spite of the development of multiple 
new ways and new modes of ultrasound, this remains the 
most important way to evaluate any organ in the body. 
Whether an ultrasound machine is considered being high end 
predominantly depends on its grey scale resolution. This 
uses pulse wave technology where ultrasound waves of 
broadband frequency are transmitted in pulses by a fre-
quency transducer to the body and receives returning echoes 
from the body’s tissues. These returning echoes produce 
real-time two-dimensional images in shades of grey. Each 
pixel’s brightness is determined by the amplitude of the 
returning sound wave. Each frame is made up of multiple 
lines and each line is made up of multiple pixels. The set of 
data changes with time and it produces real-time image.

3.2  Doppler Sonography

Doppler sonography depends on the physical principle of fre-
quency shift when an ultrasound beam strikes a moving object. 
When a sound wave of certain frequency strikes a moving 
object like blood, there is a change in frequency depending on 
the velocity of the moving object, the angle of isonation and 
the direction of the moving object. In colour Doppler, this 
change in frequency is measured and then colour coded and 
displayed on the screen. The colour code most commonly 
applied is blue indicating movement away from the transducer 
and red indicating movement towards the transducer. The 
greater the velocity of motion, the brighter the colour.

In power Doppler, the amplitude of frequency change is 
assigned to colour shade. It is less affected by backscatter 
wave and more sensitive for detecting blood flow. Hence the 
slowest velocity of a moving object can be detected by power 
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Doppler. It is less angle dependent than colour Doppler. 
However, it does not measure the velocity neither indicates the 
direction. This is mainly used in diagnosing conditions which 
requires the presence of minimal flow like in renal artery 
thrombosis, testicular torsion renal vein thrombosis (Fig. 1).

Spectral Doppler includes two types: continuous wave 
and pulsed wave. These analyse a spectrum of frequency; 
therefore, it is able to record blood flow velocities over 
time and displays the blood flow measurements graphi-
cally in a continuous waveform (Fig. 2). There have been 
major advances in Doppler sonography since it was dis-
covered in early 1980. There are various parameters for 
measurement of flow, mainly peak systolic velocity (PSV), 

end diastolic velocity (EDV), resistive index (RI) and 
pulse index (PI). These parameters help practitioners iden-
tify and quantify vascular stenosis and vascularity of 
masses. It is also used in diagnosing arterial insufficiency 
in erectile dysfunction.

3.3  Harmonic Scanning

When sound waves reach tissue, there are nonlinear propaga-
tions which generate fewer harmonics which are of higher 
amplitude. Because these harmonics are not subject to scat-
tering at the frequency associated with the incident wave, 
there is less noise, artefact and better resolution (Fig. 3).

3.4  Spatial Compounding

Spatial compounding is a scanning mode where the direction 
of isonation is electronically altered and a composite image 
is generated. This reduces noise and artefact and improves 
the quality of image (Fig. 4).

There are various other modes of ultrasound which have 
specific applications. They are three-dimensional (3D) ultra-
sound, contrast-enhanced ultrasound (CEUS), sonoelastog-
raphy, endoluminal sonography, high intensity focused 
ultrasonography (HIFU). Some of these are described later 
in this chapter.Fig. 1 Power Doppler of portal vein

Fig. 2 Portal Vein Duplex Doppler showing flow within
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Fig. 3 Harmonic scanning of liver showing greater details as compared to normal grey scale B mode scanning

Fig. 4 Spatial compounding scanning mode showing better details
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4  Documentation, Reporting and Image 
Management System

Appropriate image storage with standard nomenclature 
should be properly maintained. Since each image may con-
tain patient information, such as name, gender, age, medical 
record number and examination results, proper management 
of stored images should be strictly monitored per institu-
tional policy.

5  Patient Safety

Diagnostic ultrasonography transmits energy to the patient 
that has potential to produce biologic effects. Two main bio-
logic effects are mechanical and thermal effects. These 
effects are measured by two indices namely mechanical 
index (MI) and thermal index (TI). These indices are safety 
limits and are usually mentioned at the top of the image 
display.

When sound waves enter tissue, they produce a phenom-
enon called cavitation. Tiny gas-filled bubbles are formed 
which upon breaking releases energy and causes damage and 
in turn causes cavitation. Tissue containing air has high risk 
of cavitation as compared to solid organs. Risk of cavitation 
is low in solid urologic organs if the MI is kept below 0.7.

Thermal index (TI) indicates the probability of tissue 
temperature increasing by 1 °C within the sonographic field. 
Increases in tissue temperature depend on many factors like 
scanning frequency, time period of scanning, beam focusing, 
scanning mode and tissue density. Tissue temperature of up 
to 6 °C is not likely to cause much harm at scanning times 
less than 60 seconds; however, the exact mechanism of tissue 
heating is not well understood.

6  Renal Sonography

6.1  Antenatal Ultrasound Findings

Both the kidneys are seen in the foetus with a well differenti-
ated cortex and medulla. Foetal kidney size is dependent on 
gestational age. Both kidneys are seen in the renal fossa at 
the paravertebral location once they have ascended by 
11 weeks of life. Urine production begins by 13 weeks of 
gestation. With ultrasound, kidneys can be visualized at 
16–18 weeks of life. Foetal kidneys show foetal lobulation 
and are more hypoechoic due to the sparsity of sinus fat and 
the abundance of fluid in tubules (Fig. 5).

Renal arteries are seen arising from the foetal aorta on 
either side in coronal view. Unlike the adult, antenatal renal 
arteries have a high resistance to flow with an RI of 0.67–
0.88 in the third trimester (Figs. 6 and 7).

Fig. 5 Foetal kidneys in longitudinal and transverse scanning of foetal abdomen

Fig. 6 Colour Doppler image of foetal kidneys, renal artery arising 
from aorta marked with black arrows
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Multiple congenital anomalies of the kidney can be 
detected on grey scale ultrasound, including the absence of a 
kidney, ectopic kidneys, crossed fused kidneys, ureteropel-
vic junction obstruction, ureteroceles and cystic diseases. 
Various associated anomalies, mainly VACTERAL anoma-
lies, are also diagnosed on grey scale ultrasound. Foetal sur-
gery such as a vesicoamniotic shunt is done under ultrasound 
guidance for posterior urethral valves.

6.2  Technique in Children and Adults

A curved array transducer frequency in the range of 1–7 MHz 
is frequently used in adult patients. For paediatric patients, a 
linear transducer frequency of 3–12  MHz is required. For 
intraoperative care, a 7–12 MHz high frequency transducer 
is commonly utilized.

Ultrasound of the right kidney is begun in the midcla-
vicular line keeping the transducer longitudinal. The 
transducer is moved laterally until the entire kidney is 
visualized. After the longitudinal scan, the kidney is 
scanned transversely from the upper pole to the lower 
pole. The left kidney lies more cephalad than the right 

kidney and is better visualized with the patient positioned 
right side down and scanning from the anterior axillary 
line in longitudinal plane. Then the transducer is turned 
900, and a transverse scan is done from left flank towards 
the anterior aspect.

6.3  Indications

 1. Flank pain
 2. Evaluation and monitoring of urolithiasis
 3. Assessment of renal masses
 4. Evaluation of perirenal structures
 5. Evaluation of haematuria
 6. Visualization of vesicoureteric reflux
 7. postoperative evaluation
 8. Ultrasound guidance to various intervention procedures 

like biopsies, cyst aspiration or as percutaneous access 
to collecting system

 9. Evaluation of renal transplant
 10. Renal trauma
 11. Various congenital anomalies
 12. Renal Doppler for renal artery stenosis

Fig. 7 Duplex Doppler of foetal renal artery showing high resistive index (RI)
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6.4  Normal Ultrasound Findings

6.4.1  Neonate
Normal kidney size in the neonate is 3.5–4.5 cm in length 
and 2 cm in width. It gradually increases with age. The renal 
cortex is hyperechoic as compared with adult kidney due to 
the relative concentration and increased cellular volume of 
the glomeruli. Medullary pyramids appear more prominent 
as compared to the adult due to lower cortical size and its 
increased echogenicity. Also, there is sparsity of hyperechoic 
sinus echoes. As age increases, the hyperechogenicity of the 
sinus increases along with the size of the kidney. By 6 months 
of age, it assumes a normal adult pattern. The normal RI in a 
term neonate is <0.75 (Fig. 8).

6.4.2  Adult
The average adult kidney measures 10–12 cm in length and 
4–5 cm in width. Measurements are done in the midsagittal 
plane where the maximum length is obtained. Each kidney 
shows a cortex which is hypoechoic as compared to the liver 
and further hypoechoic pyramids. Sinus echoes in the centre 
are hyperechoic. The thickness of parenchyma is the distance 
between the renal capsule and the central band of echoes. In 
the transverse plane, the renal hilum is seen with the renal 
vessels entering and exiting from it. The left renal hilum is 
visualized with the renal artery arising from aorta posterolat-
erally and the left renal vein anterior to it going across mid-
line between the aorta and the superior mesenteric artery 
(SMA) to drain into the inferior vena cava (IVC). It is easier 
to visualize the right kidney as compared to the left kidney as 
bowel gas in the splenic flexure obscures the left kidney; 
however, the left renal origin is easier to visualize as the 
aorta lies on left side (Figs. 9, 10, 11, and 12).

6.4.3  Normal Doppler Waveform in Adult Renal 
Artery

Renal arteries on each side divide into segmental arteries. 
Segmental arteries are namely apical, upper, lower, middle 

and posterior. Each segmental artery divides into an interlo-
bar artery which is present within the region of sinus echoes. 
These in turn divide into interlobular arteries present on 
either side of the pyramids. Interlobular arteries form 
arcades around the pyramids from which arise the arcuate 
arteries (Figs. 13 and 14). While evaluating for renal artery 
stenosis, the main renal artery at its origin, the trunk of the 
renal artery, the renal artery at the hilum and interlobar 
arteries at the upper mid and lower pole of the kidney are 

Fig. 8 Neonatal kidney showing prominent pyramids and scarcity of 
sinus echoes

Fig. 9 Normal adult kidney

Fig. 10 Right kidney showing cortex, medulla and hyperechoic sinus 
echoes

Fig. 11 Right kidney in transverse plane showing renal pelvis
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isonated. PSV, EDV and RI are measured at each artery. The 
normal renal artery has a sharp systolic upstroke, low resis-
tance waveform and a continuous forward diastolic flow. 

The normal values of the renal artery at its origin are as fol-
lows: PSV <180 cm/s, renal aortic ratio of PSV (RAR) <3. 
At the level of the interlobar arteries RI <0.70, acceleration 
time (AT) <0.07 sec and acceleration index (AI) >3.5 m/s2 
(Fig. 15).

6.4.4  Renal Transplant
Grey scale, colour and spectral Doppler ultrasound are the 
prime modalities for renal transplant evaluation in the intra-
operative period, immediate post-operative period and fol-
low- up. Ultrasound is often performed with radionuclide 
imaging for medical and surgical evaluation [4].

6.4.5  Surgical Technique
Transplant kidneys, either cadaveric or from a living donor, 
are usually placed extraperitoneally in the right iliac fossa. It 
is placed in the left iliac fossa only if the right side is surgi-
cally contraindicated or a previous failed transplant is 
present.

In a cadaveric transplant, the main renal artery is har-
vested along with a cuff of cadaveric aorta and anastomosed 
usually end to end with recipient’s internal iliac artery, or end 
to side with the external iliac artery. The renal vein of the 
donor is anastomosed end to side with recipient’s external 
iliac vein. In a live donor, only the renal artery without an 
aortic cuff is anastomosed in the same way as in a cadaveric 
transplant. Urinary drainage is achieved with the donor ure-
ter into the bladder dome. It can be also implanted into the 
native ureter or renal pelvis.

6.4.6  Normal Grey Scale Ultrasound Feathers 
of Transplant Kidney

Since the graft is placed extraperitoneal, it is superficial 
in location. With ultrasound, the transplanted kidney appears 
mildly hyperechoic due to its superficial location and can be 
scanned with standard curvilinear transducers and high fre-
quency linear arrays. Normal collecting systems are mildly 
prominent in the immediate post-op period.

6.4.7  Doppler Features of Transplant Kidney
The origin or anastomotic site of the transplanted renal artery 
shows aliasing due to high velocity and mild narrowing at 
the anastomotic site. The normal parameters of a transplant 
renal artery are as follows: the PSV at the anastomotic site is 
<250 cm/s, the intrarenal RI is <0.5 and the AT is <0.07 sec 
(Figs. 16 and 17).

7  Ultrasound of Ureters

The ureters are paired muscular tubular structures that 
undergo peristaltic wave filling and emptying. In thin indi-
viduals, it is usually possible to visualize the ureters with a 
high frequency linear transducer (3–12 MHz) as the peristal-
tic wave fills and empties it. However, in obese individuals, a 

Fig. 12 Right renal artery arising from aorta entering into renal hilum
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Fig. 13 Renal artery and its branches

Fig. 14 Branches of intra-renal arteries
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curvilinear abdominal transducer is needed for visualization. 
In addition, dilated ureters are easier to be visualized with an 
abdominal transducer.

7.1  Technique

Gentle compression is applied at the ureteropelvic junction 
in a paramidline location close to the bladder. By using this 
method, it is possible to visualize the ureter by displacing 
bowel loops anteriorly. Usually it is possible to locate a ure-
teric calculus with grey scale ultrasound and can be corre-

lated with radiographic imaging. The tinkling artefact of 
colour Doppler is useful for locating the site of a calculus. It 
is also possible to visualize the opening of the ureters within 
the bladder especially in those with vesicoureteral reflux.

8  Urinary Bladder

The urinary bladder is a muscular sac just above and behind 
the pubic bone. It is a triangular-shaped organ with a poste-
rior base, anterior apex and an inferior neck with two infero-
lateral surfaces. It is lined by trabeculated transitional 
epithelium except at the trigone. It is an extraperitoneal 
structure located in the pelvis. Its main function is in the stor-
age and release of urine.

8.1  Technique

Transabdominal pelvic sonography is done with a curved 
array transducer of 1–7 MHz frequency on a full bladder. In 
paediatric patients, a higher frequency transducer can be 
used. The patient is positioned supine and draped adequately. 
The scan is performed transversally from a cranial to caudal 
direction and then sagittal from right to left of the patient. 
Pre- and post-void bladder volumes are measured using the 
ellipse formula. Ureteric jets are observed on either side with 

Fig. 15 Normal waveform pattern of renal artery

Fig. 16 Grey scale ultrasound of normal renal transplant kidney
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low PRF and low wall filter settings. In males the prostate is 
visualized, and its volume is measured. In females the uterus 
and ovaries can be seen. Vesicoureteral junctions are visual-
ized at the trigone.

8.2  Indications

 1. Measurement of pre and post void bladder volume
 2. Assessment of prostate size and its morphology
 3. Evaluation of haematuria
 4. Evaluation of bladder outlet obstruction
 5. Evaluation of bladder masses
 6. Evaluation of lower ureters
 7. Evaluation of lower urinary tract infection
 8. For confirmation of catheter position and guide for 

removal of retained catheter

8.3  Normal Ultrasound Features

A full bladder volume can vary from 100 to 500 ml. Bladder 
volume is usually measured by the ellipse volume formula. 
The bladder wall thickness depends on bladder filling rather 
than on age. An empty bladder is 5 mm and a full bladder is 
3 mm. A normal fluid filled bladder is anechoic with well- 
defined walls. As a rule of thumb, the bladder should empty 
at least approximately 10% of its pre-micturition volume. 
Ureteric jets can be visualized with the colour Doppler mode. 
The presence of a ureteric jet in a normal non-obstructed kid-
ney means that the kidney is functioning adequately, and in 
the kidney with a calculus, it means the calculus is not fully 
obstructive. Transvaginal or transrectal scans can also be 
performed for the evaluation of the bladder. The posterior 
urethra is also evaluated in children with possible posterior 
urethral valves (Figs. 18 and 19).

Fig. 17 Doppler features of 
transplant kidney
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9  Ultrasonography of the Scrotum

The scrotum contains the testicles, epididymis and part of 
the spermatic cord. Because the scrotum and its contents are 
superficial in  location, they are best evaluated by high fre-
quency linear array transducers with frequencies in the range 
of 3–18  MHz. Grey scale ultrasound, colour and spectral 
Doppler are used to differentiate many acute and chronic 
pathologies involving the testicles and epididymis in addi-
tion to detailed anatomic evaluation.

9.1  Technique

The examination is carried out in a quiet and warm room 
which is comfortable to the patient. The patient is lying 
supine with the scrotum supported on a towel. Gentle contact 
is made after applying conducting gel. Both testicles are 
examined from the upper to lower pole in a transverse scan-

ning pattern and then from medial to lateral in a sagittal scan-
ning pattern. After scanning of the testes, the epididymis is 
seen in its entire extent starting with head, body and its tail. 
Examination is extended over the inguinal canal for the cord 
and its contents. After completing a grey scale examination, 
colour and spectral Doppler, examination is done and the 
vascularity of the testes and epididymis are evaluated.

9.2  Indications

 1. Acute scrotal pain in children and adult
 2. Evaluation of scrotal trauma
 3. Assessment of scrotal swelling and masses
 4. Evaluation of infertility
 5. Postoperative scrotal evaluation

9.3  Normal Ultrasound of Tests

Both testes are oval structures in the scrotal sac with medium 
echogenicity, measuring approximately 4∗3∗2  cm in the 
adult. In the centre of each testicle, there is an echogenic 
linear septum which is called the mediastinum testes. Around 
the mediastinum testes, a hypoechoic area, rete testis, is 
seen, which drains into the epididymis through 10–15 effer-
ent ductules. The peripheral echogenic line seen around the 
testicle is the tunica albuginea. The tunica vaginalis is a con-
tinuation of the peritoneum. A normal testicular appendix is 
a hypoechoic oval structure between the testicle and the head 
of the epididymis about 1–7 mm in size.

The vascular supply of the testes is from the testicular 
artery, a direct branch of the aorta. It enters into the inguinal 
canal as a supratesticular artery along with other cord struc-
tures. At the posterosuperior aspect of the testes, it divides 
into branches and pierces the tunica albuginea and forms the 
capsular artery around the testes. This in turn gives rise to 
centripetal branches which go up to the mediastinum testes. 
The supratesticular artery, the capsular artery and intrates-
ticular centripetal arteries all show low impedance to flow 
with an RI in the range of 0.48–0.78.

9.4  Normal Ultrasound of Epididymis

The epididymis is a hypoechoic structure with nearly the 
same echogenicity as the testes situated posterolateral to it. 
It has a triangular-shaped head situated at the upper pole of 
the testicle, a linear body and tail at the lower pole of the 
testes. The appendix epididymis is a small oval structure 
attached to the head of the epididymis. Vascular supply is 

Fig. 18 Urinary bladder in transverse plane in a female patient show-
ing uterus posterior to bladder

Fig. 19 Normal right ureteric jet
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from the deferential artery, branches of the superior vesicle 
artery and from the testicular artery with a resistive index 
nearly identical to the testicular artery (Figs. 20, 21, 22, 23, 
24, and 25).

10  Ultrasonography of Prostate Seminal 
Vesicles and Vas Deference

The prostate is situated behind the urinary bladder and can 
be evaluated transabdominally and transrectally (TRUS). 
Along with prostate evaluation, the seminal vesicles and vas 
deferens evaluations are carried out which are situated 
behind prostate.

10.1  Technique

10.1.1  Transabdominal Scan
It is performed with a curvilinear transducer of 1–7 MHz fre-
quency. The patient is asked to come with a full bladder or 
near full bladder. He is positioned supine and the transducer 
is kept transversely, longitudinally and angulated caudally 
till the prostate is visualized.

Fig. 20 Normal testicle with mediastinum of testis

Fig. 21 Grey scale ultrasound of normal epididymis showing head, 
body and tail

Fig. 22 Appendix of testicle

Fig. 23 Tunica albuginea around testicles
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10.1.2  Transrectal Ultrasound (TRUS)
TRUS is performed with an intracavitary end firing or side 
firing transducer of 4–9 MHz. It must have colour and spec-
tral Doppler capability, with facility for 3D scanning if 
required. Before starting the examination, the patient is asked 
to go through a bowel preparation followed by a simple bowel 
enema. The patient is asked to empty their bladder before 
starting the examination. The patient is asked to lie in the lat-
eral decubitus position with one knee extended and one knee 
flexed towards the chest. It is essential to perform digital rec-
tal examination before inserting the ultrasound transducer. If 
the patient has local pain, or has a stricture, haemorrhoids, or 
a rectal mass that is picked up during digital exam, TRUS 
examination is relatively contraindicated. The transducer is 
covered with a plastic sheath with gel inside. Once covered 
with a plastic sheath, a generous amount of local anaesthetic 
gel is applied over the sheath before inserting the transducer 
in the anus. Introduce the transducer gently using mild pres-
sure directed posteriorly. Once the anal sphincter resistance is 
overcome, the transducer is angulated anteriorly as the pros-

Fig. 24 Vascular supply of 
testicle showing supra 
testicular artery, capsular 
artery and centripetal arteries

Fig. 25 Normal Doppler of the testicular arteries
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tate is situated anterior to the rectum. One should avoid apply-
ing too much pressure as it can be very uncomfortable and the 
peripheral zone of prostate (where most cancers are found) 
may get obscured. In transverse and sagittal planes, the pros-
tate examination is carried out from right to left. Gradually 
the transducer is moved posteriorly for seminal vesicle and 
vas deferens evaluation. Again, the transducer is adjusted to 
visualize the periprostatic tissue as far laterally as possible. 
Once these organs are evaluated, the rectal wall is seen as 
much as possible for any focal mass or circumferential growth 
of the rectum. After carrying out grey scale examination, 
colour and spectral Doppler examination of the prostate is 
performed with adjusting the machine parameters to low 
scale and high colour gain.

10.2  Indications

 1. Measurement of prostatic volume in benign enlargement 
of prostate

 2. Focal lesion palpable on digital rectal examination
 3. Symptoms of lower urinary tract infection including 

prostatitis, prostatic abscess
 4. Abnormal transabdominal examination of prostate
 5. Suspected congenital abnormality
 6. Haematospermia
 7. Male infertility evaluation
 8. For carrying out various intervention procedures

10.3  Normal Ultrasound Features 
of Prostate, Seminal Vesicles and Vas 
Deference

10.3.1  Prostate Gland
Both lobes of the prostate gland are of similar echogenicity 
with a medium level of echogenicity. The gland is described 
based on zonal architecture. These divisions consist of the 
anterior fibromuscular stroma which is devoid of glandular 
tissue, a periurethral zone around the urethra, a predomi-
nantly anterior and cranially situated transition zone, a 
posterior and cranially situated central zone through which 
the ejaculatory duct passes and an anterior and posteriorly 
situated peripheral zone. The prominence of the urethra is 
due to the hypoechoic urethral muscles. The neurovascular 
bundle is situated bilaterally along the posterolateral 
aspect of the prostate in between the prostate and seminal 
vesicle. Normal adult prostatic volume is approximately 
30 cc. About 70% of prostatic carcinoma is situated in the 
peripheral zone, 20% in the transition zone and 10% in the 
central zone. Benign prostatic hyperplasia (BPH) is a nod-
ular hyperplasia of fibrous, muscular and glandular tissue 
within the periurethral zone and transition zone. In younger 
men, zonal anatomy is not well depicted with the periph-
eral zone appearing hyperechoic compared to central and 
transition zone. The peripheral zone is well differentiated 
from the transitional zone in the older male (Figs. 26, 27, 
28, and 29).

Fig. 26 Transabdominal scan of prostate gland, longitudinal and transverse scan
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10.3.2  Seminal Vesicle and Vas Deference
The seminal vesicles are situated posterior to the bladder and 
caudal to the distal ureters. It joins the distal ductus deferens 
to form the ejaculatory duct on either side to drain into the 
prostatic urethra at the verumontanum. They are elongated 
ovoid cystic septated structures measuring about 3–4 cm in 
length and 1.5–2 cm in width. It shrinks in size with very 

advanced age. Asymmetry is a common finding. The vas def-
erens continues from the tail of the epididymis, runs in the 
spermatic cord in the inguinal canal. Once it enters into the 
abdomen, it runs posteriorly into the lateral pelvis and inferi-
orly behind the bladder to the seminal vesicles and medial to 
the distal ureter to join the duct of SV to form the ejaculatory 
duct. The distal portion of the VD is mildly dilated and here 
it measures approximately 0.5 cm in width (Figs. 30 and 31). 
The ejaculatory duct is approximately 5–8 mm in size seen 
on oblique scan on TRUS as a joining of the SV and VD 
going to the verumontanum.

11  Ultrasound of Penis

Ultrasound with colour and spectral Doppler is an excellent 
way to evaluate the penis and erectile function. Since the 
penis is a superficial structure, it is best evaluated with a high 
frequency linear transducer.

11.1  Indications

 1. Evaluation of erectile dysfunction
 2. Penile trauma or pain
 3. Penile curvature
 4. Priapism
 5. Evaluation of fibrosis of corpora cavernosa
 6. Evaluation of urethral stricture

11.2  Technique

The examination is carried out in quiet room with dim light 
and the patient lying in supine position.

Central Zone

Ejaculatory Duct

Seminal
Vesicle

BASE

APEX

Anterior
fibromuscular
stroma

Verumontanum

Urethra

Transition Zone

Peripheral Zone

Fig. 27 Schematic diagram of zones of prostate gland

Fig. 28 TRUS showing prostate gland

Fig. 29 TRUS of prostate gland showing zonal anatomy

Fig. 30 Transabdominal scan showing seminal vesicle and vas defer-
ence in transverse scan
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11.3  Grey Scale Ultrasound

The penis is placed in its anatomical position over the abdo-
men and evaluated in transverse and longitudinal directions 
with a high frequency transducer of 5–12 MHz. The trans-
ducer is moved from distal to proximal with the penis in a 
flaccid state.

11.4  Colour and Spectral Doppler 
Examination

For the evaluation of erectile dysfunction, a vasoactive drug 
is injected in the corpora cavernosa with a 26G needle in the 
corpora cavernosa unilaterally. Initially 1  ml of vasoactive 
drug is injected, and the dose can be repeated. Colour and 
spectral Doppler examination are carried out every 5 min for 
20–25 min with each injection. Peak systolic velocity (PSV), 
end diastolic velocity (EDV) and resistive index (RI) are 
measured with each 5-min interval in both cavernosal 
arteries.

12  Ultrasound Anatomy of Penis

The corpora cavernosa are iso- to hypoechoic cylindrical 
structures covered by the tunica albuginea. It has a central 
cavernosal artery. The corpus spongiosum is a midline ventral 
cylindrical structure with a central urethra. It is more echo-
genic as compared to the corpora cavernosa, and it is also 
covered by tunica albuginea. Buck’s Fascia covers the tunica 
albuginea circumferentially. The vascular supply to each cav-

ernosa is through the cavenosal artery in its centre. The inter-
nal pudendal artery, a branch of the internal iliac artery, gives 
a branch to the bulb as the bulbourethral artery. After giving 
rise to this branch, it gives a branch to two dorsal arteries and 
two cavernosal arteries on the right as well as the left side. 
The bulbar and spongiosal veins along with the cavernosal 
vein drain into the internal pudendal vein. Also, venous drain-
age occurs through the superficial dorsal vein on either side 
and the deep dorsal vein in the centre (Figs. 32 and 33).

12.1  Normal Features on Colour 
and Spectral Doppler Evaluation

In the flaccid state, the normal cavernosal arteries show 
monophasic flow with a maximum PSV of 10–15  cm/s 
(Fig. 34). After injection of a vasoactive drug, the PSV as 
well as EDV increases. As the vein occlusion begins, PSV 
increases and diastolic flow EDV starts to decrease. At about 
10–15  min after injection, PSV reaches a maximum of 
40–60  cm/s and EDV becomes zero and then becomes 
reversed. This remains for another 5–10  min and then it 
returns to its initial flaccid state.

12.2  Sonourethrography

Urethral strictures or diverticulums can be evaluated by son-
ourethrography by injecting local anaesthetic gel into the 
urethra in a retrograde fashion. Gel distends the urethra as 
well as anaesthetizes its distal portion and delineates its 
pathology (Fig. 35).

Fig. 31 TRUS showing seminal vesicle and vas deference in transverse and longitudinal scan
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13  Ultrasound in Urological Intervention

13.1  Ultrasound Guided Per Cutaneous 
Renal Access

In older days, fluoroscopy was commonly used for any per-
cutaneous renal access. Now with better ultrasound machines, 
ultrasound guided renal access is recommended.

13.1.1  Indications
• Obstructive nephropathy secondary to stone disease, 

malignancy, strictures requiring urgent decompression
• Renal access in PCNL procedure [5]
• Infected hydronephrosis or pyonephrosis
• Renal mass biopsy [6]
• Renal transplant biopsy when serum creatinine rises sig-

nificantly or oliguria
• Renal cyst aspirations for cytology or sclerosis in symp-

tomatic patients [7, 8]
• Renal or perirenal abscess or collection aspirations or 

drainage with pigtailing [9, 10]
• Pigtail drainage in psoas abscess

13.1.2  Prerequisites
• Prothrombin time or INR
• Serum evaluation for Hepatitis B, Hepatitis C or HIV 

virus
• Site confirmation
• Consent

• 10 ml 2% Lignocaine
• No. 11 Surgical blade
• Spinal needle 18 G/22 cm long for PCN or aspirations or 

18G biopsy gun or coaxial gun for biopsy, pigtail catheter 
10F for adult

• Sclerosant agent like tetracycline or absolute alcohol 
(95%)

• 0.035 Or 0.038 inch Straight tip or J tip guide wire
• Facial dilator no. 8, 9, 10
• Suture material

13.1.3  Procedures
All renal interventions can be done under local anaesthe-
sia except PCNL surgery which requires general anaes-
thesia or spinal anaesthesia. Renal access can be achieved 
in supine, prone or lateral position. We at our institute 
prefer prone or lateral position for percutaneous renal 
access with scanning starting from a medial paraspinal 
area and gradually taken laterally. Transplant kidney 
biopsy is done in supine position. Once we decide the 
desired calyx, the entry site is marked with the needle 
hub. Local anaesthetic agent is injected. A small incision 
is made about 0.5  cm in length with an 11 blade. 
Haemostasis is achieved. An ultrasonography probe 
should be fixed at the site of entry point. For PCN an 18 G 
15–22-cm-long needle is advanced under ultrasound guid-
ance till it enters into the desired calyx. Entry into the 
desired calyx is confirmed with free flow of urine from the 
needle or aspiration of urine from the needle. After that a 

Fig. 32 Transverse scan of corpora cavernosa and spongiosa of penis
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0.035-inch straight tip guide wire is introduced through 
needle into the pelvic collecting systems. Now we can 
serially dilate the tract under sonographic control. The 
ideal tract should be short, straight and avoid major 
vessels.

For biopsy, after making an incision either a core biopsy 
needle or coaxial biopsy gun is advanced into the target. 
Samples are taken and collected in a formalin jar [11–16].

For pigtail catheter placement, after dilating the tract 
sequentially with 8, 9 and 10 number dilators, a 10F pigtail 
catheter is introduced. Once inside the pelvicalyceal system, 
the catheter forms a curve and is left in place, it is sutured to 
skin and left to gravity.

For sclerosing a cyst, after aspirating cyst fluid, one fourth 
of the volume aspirated is irrigated in the form of a scleros-
ing agent. It is mixed thoroughly with residual fluid in the 
cyst and left in situ. Follow-up scan after 1 week and 4 weeks 
is done. If it has refilled, a second or third session may be 
required to achieve a desirable result [17–20].

13.1.4  Advantages of Ultrasound Over 
Fluoroscopic Guidance

• No radiation hazards.
• Real time monitoring of the needle
• With use of Doppler ultrasound, we can prevent injury to 

major vessels and prevent injury to the other organs.

Fig. 33 Dorsal artery of penis and longitudinal scan of cavernosal artery
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14  TRUS Guided Prostate Biopsy

14.1  Indications

High PSA
Abnormal DRE

14.2  Contraindications

Coagulopathy
Acute prostatitis
Immunocompromised patients

14.3  Prerequisites

• Stop antiplatelet agents for 5–7 days before biopsy TRUS 
prostate biopsy can be safely performed in patients who 
are continuing aspirin without increasing the risk of sig-
nificant bleeding.

• Use unfractionated heparin or low molecular weight hep-
arin in patients with warfarin therapy. Ideally the INR 
must be less than 1.5.

• Antibiotic prophylaxis should be considered, and the 
choice of antibiotics depends upon local antibiotic policy. 
We routinely prescribe Ciprofloxacin 500 mg two doses. 
First dose around 2 hours before procedure and second 
dose 10 hours after procedure.
All patients with prosthesis like joint prosthesis heart valves, 
pacemakers should receive antibiotics to prevent endocardi-
tis or prosthesis infection as per standard guidelines

• Anaesthesia: Most urologists do TRUS biopsy under topi-
cal anaesthesia with 2% lignocaine jelly. We use topical 
anaesthesia with infiltration anaesthesia for biopsy. 
22gauge 20cms Chiba needle is used for infiltration 
anaesthesia.

14.4  Procedure

Insert endorectal transducer with biopsy needle guide in rec-
tum. After complete screening of the prostate for any pathol-

Fig. 34 Normal Doppler of corpora cavernosal artery in a flaccid state

Fig. 35 Sonourethrography
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ogy, inject 5 ml lidocaine 2% on each side in the fat plane 
between the prostate base and SV.

For prostatic biopsy, various spring-driven biopsy guns 
are available. An 18 gz 22 cm biopsy gun is ideal for prostate 
biopsy.

The length of tissue sampled with these guns is 1.5 cm
Extended 12 core biopsy, six from each lobe, predomi-

nantly in the peripheral zone is targeted. If a focal lesion is 
seen, then a few more cores are obtained through that 
(Fig. 36) [21, 22].

14.5  Complications [23]

• Haematospermia – This is a common complication (35–
40%). Most patients do not require any treatment, pre- 
procedure counselling and reassurance usually helps.

• Haematuria – This is the second most common complica-
tion (10–15%). Less than 1% patient require hospitaliza-
tion for significant haematuria for which catheterization 
is required.

• Rectal bleeding
• Prostatitis, fever and epididymitis
• Urinary retention

15  Intra-operative Urologic Ultrasound

Use of intra-operative ultrasound is increasing over the last 
few years. It is routinely used in open surgeries and also in 
advanced laparoscopic and robotic surgeries.

15.1  Indications

• Tumour localization during partial nephrectomy
• Focal ablative therapy for SRMs
• Identification and confirmation of tumour thrombus in 

IVC during radical nephrectomy
• Renal transplantation and auto-transplantation to confirm 

normal flow in renal vasculature
• During testicular sparing surgery for testicular lesions
• To confirm viability of testes in torsion or testicular 

injuries
• For percutaneous access of pelvic calyceal system
• Failed urethral catheterization US guided suprapubic 

drainage of bladder

15.2  Transducers

Various transducers are available for intraoperative use. A 
curved or linear high frequency transducer is typically used.

Laparoscopic ultrasound transducers can be easily passed 
through 10–12 mm laparoscopic port. The diameter of the 
transducer is usually less than 10 mm and the length is usu-
ally 35–50 cm.

These are side firing transducers. LUS transducer screens 
the target organ by directly placing the probe with a fre-
quency of 6–10 hz.

Most transducers can be sterilized by low temperature 
plasma sterilization. One should follow the instructions from 
manufacturers for sterilization of transducers for intraopera-
tive use.

16  Sonoelastography

Sonoelastography is an ultrasound imaging technique where 
low-amplitude, low-frequency shear waves (less than 0.1 mm 
displacement and less than 1 kHz frequency) are propagated 
through internal organs, while real-time Doppler techniques 
are used to image the resulting vibration pattern. When a dis-
crete hard inhomogeneity, such as a tumour, is present within 
a region of soft tissue, a decrease in the vibration amplitude 
will occur at its location. This forms the basis for tumour 
detection using sonoelastography. Sonoelastography is supe-
rior to colour Doppler imaging in identification of malignant 
areas in prostate, but at present it is not a replacement for 
standard random biopsies.

Biopsy Needle

Fig. 36 TRUS biopsy with needle tip in right lobe
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17  Endoluminal Ultrasonography

In this imaging technique, flexible catheters with high fre-
quency transducers are inserted into a tubular structure such 
as the ureter, urethra, with the help of endoscopy. This high 
frequency transducer uses a frequency of 12.5–20  MHz. 
Endoscopy enables direct visualization of the lumen of the 
ureter, urethra and bladder, but it does not provide any infor-
mation about submucosal tissues. With the help of high fre-
quency endoluminal transducers, submucosal tissues can be 
imaged for various pathologies such as strictures and neo-
plasms, to name a few. It is also helpful in detection of cross-
ing vessels and high insertion of the ureter [24, 25].

18  Contrast-Enhanced Ultrasound 
(CEUS)

Micrometre-sized, encapsulated, gas-filled microbubbles are 
used in contrast-enhanced ultrasonography (CEUS). These 
microbubbles help to enhance the ultrasonic signals. One of the 
characteristics of malignancy is neoangiogenesis. CEUS is 
helpful in imaging malignancies like kidney and prostate as 
intravascular microbubbles helps to identify altered perfusion 
pattern in areas of neoangiogenesis. At present its role in biopsy 
of prostate and kidney is under evaluation [26, 27] (Fig. 37).

CEUS in paediatric VUR
Ultrasound equipment with contrast-specific software is 
required

Before start of procedure, ask the patient to empty the 
bladder. Catheterize the patient with a 5–8 French catheter 
and empty the residual urine.

Fill the bladder with contrast in one of two methods
 1. 1 ml of contrast is injected in 500 ml of saline. Connect 

the intravenous tubing to catheter and slowly fill the blad-
der till capacity.
The bladder, ureter and kidneys are scanned while filling 
to identify passive reflux and during voiding to identify 
active reflux.

 2. Fill the bladder with saline till capacity and then directly 
inject the contrast through catheter into the bladder.

Advantages No radiation

Disadvantage Difficult to identify grade 1 reflux

CEUS has also become a powerful additional tool for 
imaging renal lesions. With its lack of nephrotoxicity, the 
absence of ionizing radiation and the ability to evaluate the 
enhancement pattern of renal lesions quickly and in real- 
time, CEUS has unique advantages over traditional modes. 
Established applications are differentiation between solid 
tumours, pseudolesions and complex cysts; characterization 
of complex cysts with different malignant potential; and 
evaluation of tumour ablation [28].
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Ultrasound Guided Interventions

Junaid Raja, Igor Latich, and Mahan Mathur

1  Introduction

The use of ultrasound (US) in order to guide interventions 
provides several advantages over other imaging modalities 
and is an essential skill for any proceduralist. Ultrasound 
offers the ability to image in real-time and can dynamically 
characterize the location and contour of structures with high 
spatial resolution by near direct visualization [1]. In addi-
tion, US is relatively inexpensive and is more readily avail-
able and portable than other imaging modalities [2]. 
Moreover, the ability to guide intervention without the use of 
ionizing radiation provides critical advantages particularly in 
pediatric, pregnant and younger patients [1].

Magnetic resonance imaging (MRI) guided interventions, 
in addition to requiring costly and specially made tools, 
requires an interventionalist to frequently enter and exit the 
procedure room and a patient to be moved in and out of the 
gantry during procedures thus resulting in near time rather 
than real time imaging. Computerized tomography (CT) is 
also similarly limited by physical limitations of entering and 
exiting the procedure suite and sliding the patient on the gan-
try. While CT fluoroscopy shortens the time between inter-
vention and imaging, real time acquisition is still not achieved 
and intra-procedural radiation exposure is increased to the 
interventionalist. Fluoroscopic imaging allows for real time 
imaging, although anatomic contours can only be identified 
transiently and after administration of contrast media. In 
addition, fluoroscopy is associated with escalating doses of 
radiation, though less than what is seen in CT guided proce-
dures. In contrast, ultrasound (US) allows real time imaging 
of dynamic anatomy without ionizing radiation and with the 
use of equipment that does not require any additional speci-
fications beyond sterility and utility.

The mechanism of image acquisition also favorably dis-
tinguishes sonography from other imaging modalities. The 
use of high frequency sound waves carries a significantly 
lower risk of short- and long-term adverse effects on patients 
than ionizing radiation. There is a negligible risk of inadver-
tent acoustic cavitation (the creation of damaging shear 
waves), from diagnostic sonography as well as a near negli-
gible possibility of thermal injury from energy transfer from 
the high frequency sonographic waves [1]. In contrast, with 
ionizing radiation, metrics measuring ionizing radiation 
exposure such as total cumulative patient dose, dose area 
product and skin dose must be monitored. In the short-term, 
radiation burns can occur from excess exposure during fluo-
roscopic or CT procedures, with a theoretical long-term risk 
for neoplasia from repeated or high dose exposures. Magnetic 
resonance imaging also portends risks of periprocedural 
thermal burns and hearing damage that are obviated in sono-
graphic procedures.

2  Tools

There are three major categories of equipment required to 
perform sonographically guided interventional procedures: 
an US machine, sterile drapes, and procedure specific 
instruments.
 I. Ultrasound machine

The US machine consists of hardware and software 
components, both of which are imperative to understand 
before performing the intervention. The hardware con-
sists of a piezoelectric crystal embedded within a probe 
that serves as an emitter and receiver of sonographic 
waves, as well as a monitor. The probe can vary both in 
regard to its physical shape (e.g. linear, curved, etc.) and 
frequency. Probe selection is critical in acquiring satis-
factory images for interventions and is predominantly 
dependent on the body surface contour as well as the 
desired depth for imaging focus or intervention. Given 
the small caliber of instruments used in interventional 
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radiology procedures (typically sub-millimeter in diam-
eter) and the superior spatial resolution of high  frequency 
sonography, it is generally preferred to use the highest 
frequency probe possible to image the target of interven-
tion. The software components can be used to further 
refine the images during the procedure. This includes 
zooming to limit the field of view to the relevant anat-
omy, contrast to enhance the distinction between the tar-
geted tissue and its surroundings, color Doppler to assess 
for target and surrounding vascularity, and focus to allow 
further delineation of the target relative to the surround-
ing tissue.

 II. Sterility
The issue of sterility is paramount in US guided inter-
ventions. Special probe and machine covers exist to 
ensure that the proceduralist is able to use image guid-
ance and make any requisite image processing modifica-
tions without increasing the risk of infection. Certain 
operators opt to disinfect the US probe prior to the start 
of each procedure in lieu of employing plastic covers. 
This approach is less common and generally deemed 
disadvantageous in preserving the longevity of equip-
ment. Standard pre-procedural precautions are always 
performed, including cleaning and disinfecting the skin 
as well as draping adjacent anatomy to protect the integ-
rity of the sterile field. The sterile field must be broad 
enough so that if there is respiratory artifact, patient 
motion, or the initial site of intervention is inadequate, a 

nearby site may be used without having to create another 
sterile field.

 III. Instrumentation
The instrumentation used for each procedure may vary 
slightly. In interventional radiology (IR), the three major 
categories of equipment used include sharps, wires, and 
catheters [3].

 (i) Sharps:
Sharps generally include hollowed bored metal such 
as needles and trocars, and solid metal probes as 
used in thermal ablations (Fig. 1). The tips of the 
needle system can differ slightly: single wall, 
biopsy, Chiba, and spinal needles are beveled which 
allows for steering towards or away from structures, 
while trocars have a three-sided contour that does 
not allow for steering. In addition, the Chiba, spinal, 
and trocar systems differ from a single wall needle 
as they contain a stylet to occlude the hollow bore 
lumen until satisfactory positioning is obtained. 
Biopsy needle systems have a unique stylet/needle 
mechanism in that the stylet tip is a solid beveled 
needle with a carriage along its distal aspect. When 
extended, this allows a tissue core to fill the carriage 
and when the spring-loaded mechanism is deployed, 
the cutting action of the needle sheath covers the 
“stylet” and acquires a tissue sample. Chiba and spi-
nal needles differ primarily in length and tensile 
strength. Ablation probes also vary in shape based 

a b

c d

Fig. 1 Needles and ablation probes. Figure (a) demonstrates a 21 
gauge needle as part of a micropuncture access set. Figure (b) demon-
strates a 17 gauge trocar needle. Figure (c) demonstrates an adjustable 

Coaxial Temno™ Biopsy Device (Top – 18 gauge biopsy needle; bot-
tom – 17 gauge guiding cannula). Figure (d) demonstrates a radiofre-
quency ablation probe
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on the platform and manufacturer. The diameter of 
needles used for most interventional procedures 
generally ranges from 24  G to 16  G (0.02–0.05 
inches) with choice of size dependent primarily on 
the clinical indication, size, and contour of the target 
as well as proximity to high risk structures. The 
diameter of probes used for ablative procedures is 
typically dependent on the ablation technique 
intended (e.g. cryotherapy, microwave ablation, 
radiofrequency ablation) but is also generally of a 
similar caliber (20 G to 16 G; 0.03–0.05 inches).

 (ii) Wires:
The use of wires in US guided procedures is critical 
as they provide a general guide and roadmap for the 
procedure and are used as the intermediary between 
sharp hollow metal (the needles) and flexible hol-
low plastic (the catheters). Wires can be hydrophilic 
(“water loving”) or hydrophobic (“water fearing”), 
have a stiff or floppy tip, have a straight, angled, or 
curved distal contour, and can vary in their length 
and caliber (generally 0.018 inches or 0.035 inches) 
(Fig. 2). Stiff guidewires are frequently used to pro-
vide support for catheter placement and perform 
balloon dilatation, while hydrophilic wires are used 

to cross stenotic lesions or traverse tortuous struc-
tures (e.g. placement of a nephroureteral or biliary 
tube/stent). Determination of whether to use 
straight, angled, or curved tipped wire is dependent 
on the contour of the structure in which the wire is 
being placed. Lastly, the determination of wire size 
and caliber also depends on the size and amount of 
anatomy to be traversed, the caliber of the needle 
system used and intended catheter to be used.

 (iii) Catheters:
Catheters in US guided procedures serve as con-
duits between the skin and a targeted cavity. In 
general, there are two types of catheters: guiding 
catheters that are used to gain access into a struc-
ture and drainage catheters. Guiding catheters are 
seldom navigated under ultrasound guidance and 
are thus outside the scope of this chapter. A drain-
age catheter is a hollow plastic tube, which can 
vary in stiffness, shape of the distal end (pigtail, 
straight, star), and size (Fig. 3). Choice of catheter 
is predicated upon the clinical indication, structure 
or organ to be accesses, density of fluid to be 
drained, patient comfort considerations, and many 
others.

a b

c

Fig. 2 Wires. Figure (a) demonstrates a 0.035 inch Glidewire. Figure (b) demonstrates a 0.035 inch J-tipped Glidewire (with inset showcasing the 
distal “J” shaped tip). Figure (c) demonstrates a 0.018 inch wire
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3  Tasks

The specific interventional procedures that may be per-
formed under sonographic guidance are broad in scope and 
are continuously increasing and evolving. Common 
 procedures include biopsies, drainages, sclerotherapy, nerve 
blocks, musculoskeletal interventions, ablations, and high 
intensity focused ultrasound, among many others. To opti-
mize an ultrasound-guided procedure, one has to consider 
distance to the lesion, availability of an appropriate acoustic 
window and presence of any critical intervening structures. 
Patient cooperation is important in many interventional pro-
cedures This is particularly in the case of ultrasonography 
where optimal imaging windows may require that patients 
follow directions, such as breath-holding, which allows for 
improved visualization of structures whose real time position 
may be subject to motion (liver, kidneys) Body habitus may 
limit some US guided interventions. Presence of gas within 
or superficial to a target may also make it difficult to resolve 
the structure adequately, which in turn may necessitate CT 
guidance.
 (i) Biopsy

Biopsies are amongst the most commonly performed 
US-guided interventional procedures and consist of 
tissue sampling for pathologic analysis. With the 
exception of lung, bone, and brain biopsies, US is the 
first line modality of choice for biopsy when feasible. 
Common indications include masses or dystrophic 
calcifications within the breast, thyroid, liver, or kid-
ney, or enlarged lymph nodes (Fig.  4). If the target 
structure contains liquid or is viscous, aspiration is 
generally performed in which a small caliber single 
wall sheathed Chiba needle is introduced percutane-
ously under sonographic observation and a sample is 
aspirated via a syringe. There are two main approaches 
to obtaining a core needle biopsy: coaxial and non- 

coaxial A coaxial system is frequently preferred with 
larger targets such as the breast, liver, and kidney 
where multiple samples are required. In this setting, a 
hollow bore guiding needle is placed under US guid-
ance into the target. Thereafter a biopsy needle 
replaces the stylet within the guiding needle and is 
deployed under sonographic observation to ensure the 
needle tip remains within the target for both adequacy 
of sampling and safety. An advantage of the coaxial 
system is that the guiding needle is kept just proximal 
to or within the lesion while the biopsy needle is used 
to make multiple passes to acquire the required num-
ber of samples. This minimizes potential laceration to 
intervening tissues and can significantly decrease pro-
cedure time.

In a non-coaxial system, the biopsy needle is passed 
directly (“bareback”) into the target. This may be 
desirable when a lesion is superficial and there is 
insufficient tissue to anchor a guiding needle. An alter-
native to core needle biopsy is fine needle aspiration. 
Passes may be performed with a single wall needle 
under image guidance directly into the structure of 
interest. The to and fro manipulation of the needle 
allows the hollow bevel to collect the target tissue. 
This approach is frequently seen with thyroid nodules 
and lymph nodes that may be too small for targeting 
by a core needle system [4]. In general, the acquired 
tissue within the biopsy needle is then handed off to a 
cytopathologist who ensures adequacy of the collected 
sample prior to terminating the procedure. A limitation 
of the aspiration technique is that it disrupts tissue 
architecture and so frequently a core biopsy technique 
is preferred. Additional US biopsy techniques used in 
conjunction with direct scope visualization also exist 
(e.g. endovascular, endobronchial, endoscopic, and 
hysteroscopic), but are beyond the scope of this 
chapter.

 (ii) Drainage:
Drainage is another common US guided intervention, 
which, as the name implies, consists of percutaneous 
evacuation of a (usually liquid containing) cavity. For 
collections containing simple fluid (seroma, for 
instance), a simple aspiration may be sufficient. For 
evacuation of larger collections or those containing 
viscous or frankly infected fluid drainage may be per-
formed with the aid of a catheter. In this approach, 
sonographic guidance is used to advance a needle for 
the Seldinger technique by which a satisfactorily sized 
needle (single wall, Chiba, sheathed or trocar) into the 
collection (Fig. 5). A wire is passed through the needle 
into the collection with continuous sonographic imag-
ing. In general, a stiff wire with a floppy tip is used and 

Fig. 3 Example of a drainage catheter. A drainage catheter is a hollow 
plastic tube, which can vary in stiffness, shape of the distal end and size. 
The following figure demonstrates an 8 Fr locking loop (“pigtail”) 
drainage catheter
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enough wire looped within the cavity to decrease the 
risk of inadvertent dislodgement during subsequent 
manipulation. Next, a dermatotomy is made at the 
needle entry site and the needle is exchanged over the 
wire for a rigid dilator to create a subcutaneous tract. 
The desired catheter then replaces the dilator and is 
advanced to ensure all side holes on the catheter are 
within the collection. The wire is then removed and 
the distal tip of the catheter is generally secured by use 
of a loop forming mechanism to ensure that the cath-
eter remains in position. Finally, catheter placement 
and function is confirmed both by aspiration through 
the catheter as well as by sonography. The more proxi-
mal portion of the catheter is then tethered to the skin 
via a suture and covered with a sterile dressing usually 
consisting of gauze and an adhesive film or tape.

a b

c d

e f

Fig. 4 Needle biopsy. Multiple gray-scale images demonstrate needle biopsy of several organ systems including liver (a), kidney (b) thyroid 
nodule (c), lymph node (d) breast mass (e) and anterior mediastinal mass (f)

Fig. 5 Drainage. Gray-scale image of the right upper quadrant demon-
strates the presence of a needle tip (solid arrow) within a complex 
hypoechoic perihepatic collection which contains multiple internal sep-
tations (dashed arrow)
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 (iii) Sclerotherapy
Sclerotherapy is another procedure that may be per-
formed with sonographic guidance. The concept of 
sclerotherapy consists of thermally or chemically 
obliterating a fluid containing cavity, dilated vein, or 
vascular malformation. Common indications include 
acceleration resolution of a fluid-filled cavity causing 
discomfort or at risk for infection (e.g. a post surgical 
seroma), preventing dermal complications of vascular 
stasis in superficial vessels (e.g. venous varicosities), 
and treating painful malformations and cosmesis [5, 
6]. In contrast to simple drainage, a small quantity of a 
sclerosant such as sodium tetradecol sulfate, polidoca-
nol, hypertonic saline, or ethanol is injected to chemi-
cally induce the serosal lining to irreversibly bind to 
itself and obliterate the cavity (Fig.  6). In vascular 
sclerotherapy, sonographic imaging is used to place a 
Chiba or single wall needle into the targeted vessel of 
interest. Once adequate placement is confirmed a 
dilute sclerosant is instilled to gradually induce appo-
sition and fusion of the vessel walls. A portion of the 
injected sclerosant is carried antegrade through the 
venous system; however, given the valvular incompe-
tence that underlies venous varicosities, a portion 
remains static or near static in the targeted vessel area 
of the blood pool [7]. This approach can also be used 
in the treatment of lymphangitic and vascular malfor-
mations [8]. Additionally, thrombin injections to treat 
large, enlarging or painful pseudoaneurysms can also 
be performed sonographically. This involves instilling 
small aliquots of thrombin in the pseudoaneurysm 
under continuous US guidance (usually color Doppler) 
to promote clotting of the defect [9].

 (iv) Thrombectomy
Thrombectomy is a newer but important procedure 
that can be performed with sonographic guidance. 
Real-time sonography provides an essential role in 

diagnosing an occlusion and ensuring adequacy of 
the procedure with restoration of flow afterwards. 
This procedure is most frequently performed in 
patients on dialysis with clotted fistulas or grafts or in 
patients with a deep venous thrombosis [10, 11]. 
Following sterilization and local anesthesia, US 
guidance is used to cannulate the thrombosed vessel 
usually from either the antegrade or retrograde 
approach depending operator preference [12, 13]. 
Thereafter, if mechanical thrombectomy is desired, a 
wire or catheter exchange is then performed and 
advanced under ultrasound visualization. Serial 
passes are performed to retract the clot and optimize 
patency of the target vessel. If pharmacologic throm-
bolysis is preferred, a wire exchange is performed 
and an appropriately sized catheter is positioned with 
US confirmation in close proximity to the thrombus. 
Subsequently, a thrombolysis agent such as tissue 
plasminogen activator (tPA), urokinase, or streptoki-
nase is slowly infused with periodic or continuous 
sonographic observation as the thrombus slowly dis-
integrates [14, 15]. Once color and spectral Doppler 
imaging confirms adequate flow within the newly 
patent vessel, the infusion catheter is removed and 
the site is cleaned and dressed.

 (v) Nerve blocks
Nerve blocks are another procedure that can be per-
formed under US guidance. Following sterilization 
and local anesthesia, a Chiba or spinal needle is 
advanced under real time sonographic imaging in 
close proximity to a nerve or plexus (intercostal, bra-
chial plexus, femoral, etc.) or into the epidural space 
as clinically indicated (Fig. 7). Once placement is con-
firmed either by sonography or flow of cerebrospinal 
fluid on removal of the stylet, instillation of an anes-

Fig. 6 Sclerotherapy. Gray-scale image of the right lower extremity 
demonstrates the presence of a sclerotherapy needle (solid arrow) 
within a venous varicosity (dashed arrow)

Fig. 7 Nerve block. Gray-scale image of the left lower extremity dem-
onstrates the distal tip of a needle (arrow) within the saphenous nerve
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thetic is then performed. In the case of a local nerve 
block, real-time ultrasonography can also visually 
demonstrate the volume of anesthetic instilled by 
showcasing the adjacent tissue displacement [16].

 (vi) Musculoskeletal interventions
Various musculoskeletal interventions also use sono-
graphic guidance. These include arthrocentesis and 
joint injections that essentially use the technique of 
fine needle aspiration to access an anatomic fluid filled 
cavity (that is, the joint space). Once the joint is 
accessed, a joint injection procedure would require 
instillation of steroids or other anesthetics. Similarly, 
sonographic guidance can be used for injecting tendi-
nous pathology, such as tenosynovitis and de Quervin’s 
tendonitis, with steroids using principles similar to 
nerve blocks into the peri-tendinous soft tissue (Fig. 8) 
[17, 18].

 (vii) Oncotherapy
One of the most rapidly evolving areas in interven-
tional radiology is oncotherapy. Thermal, chemical 
and electric ablation procedures can use sonography 
for guidance of the probe into the target as well as real- 
time monitoring of the procedure and to exclude 
related post procedural complications. Ablation tech-
niques include cryoablation, in which profound hypo-
thermia is induced via helium argon gas to “freeze” a 
mass, microwave and radiofrequency ablation, in 
which electromagnetic radiation is converted to ther-
mal energy to induce necrosis and “burn” a mass, etha-
nol ablation, in which an appropriate amount of 98% 
ethanol is injected under US guidance directly into a 
lesion and irreversible electroporation, in which an 
electric current is used to induce apoptosis [19, 20]. In 
each of these procedures, the overlying skin is steril-
ized and anesthetized and a small dermatotomy is 
made before the probe tip is guided under US visual-
ization to the target area (Fig. 9). Real time US obser-
vation can be performed during the course of the 
ablation procedure to monitor the change of surround-
ing tissue characteristics in the ablation zone.

 (viii) High intensity focused ultrasound
Lastly, US itself can be used as an interventional tech-
nique. High intensity focused ultrasound (HIFU) is a 
technique in which alternating high frequency is trans-
mitted to induce acoustic cavitation for the purpose of 
destroying a target lesion or mass [21, 22]. This tech-
nique involves using conventional diagnostic US to 
localize the target tissue and then using a high inten-
sity sonographic probe to deliver therapeutic waves to 
the target [23].

4  Pearls and Pitfalls

The use of sonography for interventional procedures requires 
understanding of several technical factors. These include 
optimization of sound waves for imaging, effects of pressure 
on tissue displacement, and the role of coupling agents to 
improve contact and transmission of sonographic waves. The 
use of color and spectral Doppler imaging can help distin-
guish blood vessels from nonvascular structures, differenti-
ate fluid from solid masses, and can discriminate arterial and 
venous flow (Fig. 10). This principle can be useful, particu-
larly when accessing biliary ducts or urinary structures per-
cutaneously [24–26]. In addition, color Doppler, by use of 
twinkle artifact, can help identify calculi and can facilitate 
the identification of a needle or probe tip [27].

An essential technique for US guided intervention, both 
to improve safety and efficacy, is imaging within the long 
axis plane for the needle or probe (Fig. 11). When imaging 
along the long axis, both the needle tip and the immediate 
trajectory can be visualized. Projecting the trajectory allows 
the proceduralist to adjust needle position and minimize the 
risk of injury to nearby structures such as adjacent vascula-
ture, nerve, pleura, or bowel.

Fig. 8 Musculoskeletal intervention (steroid injection): Gray-scale 
image of the right upper extremity demonstrates the presence of the 
needle tip (solid arrow) in the biceps tendon sheath, with an adjacent 
calcification (dashed arrow)

Fig. 9 Oncotherapy (radiofrequency ablation): Gray-scale image of the 
right kidney demonstrates the presence of a radiofrequency ablation probe 
(arrow) within a hypoechoic interpolar right renal mass (dashed arrows)
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Limiting the introduction of air into the field of imaging is 
integral for safely and effectively performing sonographi-
cally guided procedures, which can happen particularly dur-
ing coaxial biopsies. Air is usually introduced during 
exchanges of the guiding needle stylet for the biopsy needle 
and vice versa. If air is introduced into the target, definitive 
visualization of the needle tip is obscured which can com-
promise safety, and the likelihood of obtaining an adequate 
tissue sample may be diminished (e.g. if the trajectory is not 
altered to obtain additional tissue). One strategy to minimize 
this effect is to drip a small quantity of saline into the guiding 
needle hub and form a water seal within the guiding needle 
to prevent entry of air.

Naturally, just as there are techniques for optimizing imag-
ing, there are also pitfalls to avoid during US guided interven-
tions, the largest category of which includes artifacts. Although 
some artifacts can be helpful (e.g. twinkle artifact), others can 
lead to misinterpretation of the visualized tissue. These arti-

facts are more comprehensively described elsewhere in this 
book and can include tissue vibration and blooming artifacts 
that can overestimate vascularity, beam width and slide lobe 
artifacts that can either misinterpret non-focal zone echoes or 
echoes from outside of the main beam as within the structure 
of interest, and refraction, multipath, and speed displacement 
artifacts that can lead to the misinterpretation of the geospatial 
position and/or depth of a target of interest.

Finally, one of the biggest pitfalls in sonographic-guided 
interventions is the limitations of sonography itself. For 
example, US is best utilized for superficial to intermediate 
depth imaging with diminished image quality at greater 
depths. Consequently, US guided pelvic abscess drainage 
may be feasible in a pediatric patient with a small body size 
and habitus, whereas a similar procedure in an obese adult 
may be technically infeasible due to lack of contrast resolu-
tion at the targeted depth of intervention. Ultrasound is also 
limited in procedures that involve gas-containing structures. 
The most typical interventions in which this becomes a pro-
hibitive concern generally involve intra-abdominal proce-
dures for which gas filled loops of bowel may be interposed 
with the anatomy or pathology of interest preventing local-
ization of depth or span by sonography. This can also become 
an issue in the setting of necrotic or gangrenous masses, 
which does not inherently exclude the ability to perform 
sonographic guided interventions, though does limit the con-
fidence and comfort with which adequacy of the intervention 
performed is achieved.

5  Future Directions

Sonographically guided interventions, like many other 
aspects of US, are more widely utilized in European and 
other international healthcare settings than in the United 
States, however, these trends are changing. The benefit of 

a b

Fig. 10 Use of color Doppler imaging in interventional procedures. 
Pre-procedural color Doppler image (a) demonstrates the presence of a 
hypoechoic mass (arrow) without internal vascularity in the right 
parotid gland. The lack of detectable color flow suggests that the mass 

contains fluid. Gray-scale image performed during aspiration (b) dem-
onstrates needle tip within the collection (arrow) with cytology reveal-
ing the presence of an abscess

Fig. 11 Gray-scale image demonstrates the long axis view of a needle 
(solid arrow) used to obtain access for a central venous catheter (dashed 
arrow)
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improved US technology and resolution in performing real- 
time interventions without ionizing radiation, in a relatively 
portable setting, and at a cheaper cost to other cross-sec-
tional guided interventions is leading to more widespread 
adoption of sonographic-guided interventional procedures. 
Moreover, there is tremendous interest in expanding the 
horizon for the types of procedures that can be performed 
with US guidance and optimization for effective 
interventions.

An area in which research is already in progress includes 
contrast-enhanced US biopsies. The benefit of contrast 
enhancement includes improving the resolution for poorly 
visualized or isoechoic masses in order to target structures 
that were not previously visible (e.g. isoechoic hepatocellu-
lar carcinoma) or to more sharply define therapeutic margins 
(e.g. demarcating ablation zone in treating malignancies) 
[28–30]. Multi-dimensional reconstructions are another 
potentially revolutionary technique in which there is evolv-
ing research, allowing the proceduralist to image and negoti-
ate a needle or probe beyond a single plane [31]. Ultrasound 
directed percutaneous arteriovenous dialysis fistula  formation 
is another exciting cutting edge sonographic procedure on 
the horizon.

6  Conclusion

There is an ever expansive and evolving role for sonography 
in image guided procedures. The ability to perform real- 
time, ionizing radiation free, inexpensive, and high- resolution 
imaging facilitates the safe and effective performance of a 
diverse multitude of procedures as has been described. 
Moreover, renewed interest for innovation to refine current 
techniques and to create new applications accentuates the 
flexibility and agility of sonography. It is imperative that pro-
ceduralists are able to confidently use US imaging to guide 
their procedures as multiple disciplines including interven-
tional radiology, critical care, anesthesiology, emergency 
medicine, cardiology, and vascular surgery now routinely 
use US for image guided procedures in both hospital and 
outpatient settings.
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Ultrasound Application in Dermatologic 
Conditions

Chang Ye Wang, Kavita Darji, Felipe Aluja Jaramillo, 
Ximena Wortsman, and A. Mary Guo

1  Introduction

The diagnosis of dermatologic disorders can often be made 
with the unaided eye; however, the clinical examination does 
not provide reliable visualization of deeper cutaneous struc-
tures. In cases where the diagnosis cannot be ascertained 
from visual inspection, a skin biopsy is traditionally per-
formed to provide ex vivo histologic clues. More recently, 
polarized dermoscopy has become a common bedside aid for 
the visualization of skin structures below the 0.06–0.10 mm 
depth required for photon depolarization [1]. Nevertheless, 
depth is an important measure that cannot be readily per-
ceived on direct visualization or dermoscopy.

On the other hand, ultrasonography (U/S) easily captures 
depth and often penetrates much deeper. With a high- 
frequency U/S probe working at 50  MHz, in vivo tissues 
located up to 8–9 mm depth can be visualized with an axial 
resolution of 0.05 mm [2]; at 18 MHz, the penetration depth 
increases to 60 mm. Lower frequency probes can reach even 
deeper depths at the cost of resolution. Most modern U/S 
machines are equipped with variable frequency probes, and 
the operator can choose from a pre-defined range of frequen-
cies to optimize the trade-off between penetration depth and 
resolution. Furthermore, U/S can visualize blood flow in 
real- time without the need of intravenous contrast. Due to its 
great portability and safety profile, U/S has broad clinical 
utility, and is widely available in both inpatient and outpa-

tient settings to help with the diagnosis and management of 
dermatologic conditions [3].

With regards to its limitations, U/S cannot detect pig-
ments such as melanin and has difficulty visualizing very 
small or epidermal-only lesions [3, 4]. Lesions smaller than 
0.10 mm cannot be accurately discerned at 15–24 MHz, and 
lesions smaller than 0.05 mm cannot be accurately discerned 
at ≥50  MHz. For adequate diagnostic power, a high fre-
quency probe ≥15 MHz and a trained operator are required, 
but this is no different from any other imaging modality. The 
literature on the use of ultrasonography in dermatology is 
growing, and peer-reviewed guidelines have recently become 
available [3]. American Institute of Ultrasound in Medicine 
(www.aium.org) and European Federation of Societies in 
Ultrasound in Medicine and Biology (www.efsumb.org) pro-
vide lectures and training courses during their annual meet-
ings and throughout the year.

Other modern techniques such as confocal laser micros-
copy (CLM) and optical coherence tomography (OCT) may 
offer greater resolution but are often limited by their depth of 
penetration. CML is useful for the diagnosis of superficial 
pigmented lesions, but has poor penetration beyond 0.2 mm 
[5–7]. OCT is primarily useful for epithelial skin tumors 
with thickness ≤1.5 mm, such as actinic keratosis and super-
ficial basal cell carcinoma [5, 8].

2  The Basics

2.1  Tools

For dermatologic conditions, a multichannel color Doppler U/S 
machine with variable-frequency transducer ≥15 MHz is recom-
mended [9]. All U/S examinations should be performed in the 
following sequences in at least two perpendicular axes: initially 
in grayscale, then with color Doppler, and lastly with a spectral 
curve analysis of the regional vessels [9]. Lesional to perilesional 
comparisons may be helpful, and 3-D reconstruction is optional 
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[10]. A copious amount of gel is recommended to allow easier 
adjustment of focal point and optimal visualization. The probe is 
positioned over the gel without compressing the skin. The fifth 
finger is often used to stabilize the hand and minimize the “float-
ing” of the hand directly above the gel (Fig. 1).

2.2  Ultrasonography of the Normal Skin

The epidermis most often appears as a highly hyperechoic 
monolaminar layer due to its high keratin content, but on 
palmoplantar skin, it takes on a bilaminar appearance [9]. 
Below the very thin epidermis, the dermis appears as a thick 
moderately hyperechoic band due to its rich collagen con-
tent. In photoaged skin, echogenicity of the upper dermis is 
decreased due to glycosaminoglycan deposition [9]. Below 
the dermis, the hypodermis, also known as the subcutaneous 
tissue or the subcutis, contains hypoechoic fat lobules and 
hyperechoic fibrous septae (Fig. 2).

Fig. 1 Dermatologic ultrasound technique. Notice the copious amount 
of gel on top of the skin and the position of the little finger to stabilize 
the hand

a

b

Fig. 2 Normal skin at the 
dorsum of the forearm 
(transverse views). (a) 
Greyscale (color filter) and 
(b) Color Doppler
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2.3  Ultrasonography of the Nail

The nail plate, the nail bed that contains the nail matrix, the 
hyponychium, and the nail folds compose the nail unit [11]. 
The nail plate appears as a 0.30–0.65 mm thick bilaminar struc-
ture [12], with two parallel hyperechoic lines representing the 
dorsal (external) and ventral (internal) plate [9]. The nail bed is 
a hypoechoic layer that extends from the ventral plate to the 
distal phalanx, which appears as a hyperechoic line [11]. In the 
nail bed, there are multiple low-flow arterial and venous vessels 
near the distal phalanx [13]. The nail matrix region is located in 
the proximal part of the nail bed [12]. The lateral and proximal 
nail folds lack any hypodermal adipose tissue (Fig. 3) [13].

3  Malignant Cutaneous Neoplasms

Ultrasonography can discriminate primary skin malignan-
cies from normal skin based on their different echogenicity 
and blood flow patterns. Additionally, it is also a potent tool 
for locoregional staging of the malignancy. Contrast-
enhanced ultrasound (CEUS) has shown early promise in 
distinguishing malignant neoplasms from benign lesions by 
evaluating their vascular kinetics [14]. In some series, malig-
nant neoplasms may appear more rigid than benign neo-
plasms on ultrasound elastography, possibly due to different 
cellular characteristics and extracellular matrix composition 
[15, 16].

a

b

c

Fig. 3 Normal nail. (a, b) 
Longitudinal view, right index 
finger. (a) Greyscale and (b) 
Color Doppler. Notice that the 
blood flow (in colors) is 
closer to the bony margin of 
the distal phalanx and does 
not touch the ventral plate. (c) 
Anatomic components of the 
nail unit and periungual zone 
(transverse view)
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3.1  Malignant Melanoma

Malignant melanoma is responsible for the majority of skin 
cancer-related death [17]. On U/S, it appears as a well-defined 
oval-to-fusiform hypoechoic lesion with prominent vascular-
ity [10]. The main utility of ultrasonography for melanoma is 
its ability to measure tumor depth, which can help guide 
biopsy technique and surgical planning (Fig.  4) [18]. U/S-
measured tumor depth has been shown to closely correlate 
with the histologic Breslow depth (BD) [19], which is the 
most important prognosticator for melanoma [20]. Although 
U/S may sometimes overestimate tumor depth due to under-
lying lymphocytic infiltration or nevus remnant [21], multiple 
studies have shown that high frequency U/S probes can reli-
ably identify deep melanomas >1 mm BD [19, 21, 22].

Moreover, U/S allows for early detection of local satel-
lites (<2 cm from the primary lesions), in-transit metastases 
(≥2  cm from the primary lesion), and nodal metastases 
[23]. Local satellites and in-transit metastases appear as 
subcutaneous hypoechoic oval structures with large 
anechoic areas, which may resemble fluid collections or 
abscesses but correspond to hypercellular regions [24, 25]. 
These sonographic features are superior to clinical exam 
and dermoscopy for distinguishing MM satellites or metas-
tases from blue nevi, which tend to be dermal fusiform 
homogeneous lesions. Signs of nodal metastases include 
hypoechogenicity of the medulla, presence of cortical 
hypoechoic nodules, a rounded shape, and cortical hyper-
vascularity [26].

3.2  Squamous Cell Carcinoma (SCC)

Unlikely primary SCC of other organs, SCC of the skin 
usually carries a favorable prognosis; however, cutaneous 
SCC can occasionally act aggressively and metastasize 
[27]. On U/S, cutaneous SCC appears as an irregularly 
shaped hypoechoic and heterogeneous lesion with 
increased vascular flow (Fig. 5) [10, 28, 29]. More recent 
data has identified tumor thickness as an important prog-
nosticator of disease progression [30], and has shown that 
U/S can provide reliable depth measurement for surgical 
intervention [31]. This is especially important for cutane-
ous SCC of the scalp, where there is little resistance against 
tumor spread below the galeal plane [32]. Furthermore, 
U/S can also help detect the presence of local and nodal 
metastases in SCC, which is especially important for head 
and neck tumors [33, 34].

a

b

Fig. 4 Melanoma in the plantar region. (a) Greyscale and (b) Power 
Doppler demonstrate ill-defined hypoechoic dermal and hypodermal 
mass (9.6 mm depth) with increased echogenicity of the hypodermis 
due to edema. On power Doppler, there is prominent blood flow (in 
color) within the mass

Fig. 5 Squamous cell carcinoma (SCC) in the anterior aspect of the 
right leg. Color Doppler (longitudinal view) shows slightly lobulated 
hypoechoic dermal and hypodermal mass that displaces the epidermis 
upward. Notice the thickening of the epidermis and the presence of 
some vessels within the mass and the increased vascularity (in colors) 
in the periphery of the tumor. The markers are measuring the thickness 
of the regional vessels
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3.3  Basal Cell Carcinoma (BCC)

BCC is the most common and least aggressive cutaneous 
malignancy [35]. On U/S, BCC appears as a hypoechoic 
lesion with scattered hyperechoic spots within the lesion 
(Fig.  6) [10, 36]. Commonly, BCC demonstrates low-flow 
vascularity within or at its periphery. Interestingly, the hyper-
echoic spots are almost pathognomonic of BCC, and can 
even be used to predict the tumor subtype and risk of recur-
rence [4, 37]. Along with U/S-measured tumor dimensions, 
this information can be very helpful for choosing an optimal 
method of tumor destruction.

4  Benign Vascular Neoplasm

4.1  Infantile Hemangioma

Hemangiomas are the most common type of benign tumors in 
infancy. They classically have a proliferative phase during the 
first few months of life, and then slowly regress and often 
resolve over the next few years [35]. On ultrasound, a prolif-
erating hemangioma appears as a poorly-defined hypoechoic 
mass that is highly vascular with arterial and venous flow and 
sometimes arteriovenous shunts (Fig. 7) [10]. As it regresses, 
a hemangioma loses vascularity and gains echogenicity, and 

eventually becomes a hypovascular hyperechoic lesion in its 
complete regression phase [26]. An ulcerated hemangioma 
demonstrates abrupt loss of the hyperechoic epidermis and 
disruption of the dermis and hypodermis [9]. A recent study 
suggests that the use of U/S-measured hemangioma depth can 
facilitate selection of the optimal treatment modality and 
improve patient outcome [38].

4.2  Vascular Malformations

Vascular malformations are derived from abnormal embryonic 
morphogenesis of capillary, venous, arterial, or lymphatic 
channels [35], and are often classified accordingly [39]. 
Alternatively, they can be classified based on their vascular 
flow velocity on Doppler: arterial and arteriovenous malfor-
mations demonstrate high velocity with prominent color, 
while venous, capillary, and lymphatic malformations demon-
strate low velocity that may not be detected if less than 2 cm/s 
(Fig. 8) [40]. On plain U/S, each lesion presents as a collection 
of anechoic tubules (arterial or venous), pseudocystic spaces 
(venous or lymphatic), or hyperechoic areas (capillary) [26]. 
In low-flow lesions, thrombi appear as non- compressible 
hypoechoic lacunae, whereas phleboliths appear as tiny hyper-
echoic spots [10]. In contrast with hemangiomas, vascular 
malformations typically do not have a mass-like appearance. 
Furthermore, U/S can be used to help with surgical planning 
and to monitor treatment progress [41].

5  Benign Solid and Cystic Neoplasm

5.1  Epidermal and Trichilemmal Cyst

Derived from the follicular infundibulum [35], an intact epi-
dermal cyst contains loosely packed keratin and appears as a 
circumscribed hypoechoic-to-anechoic oval structure 

a

b

Fig. 6 Basal cell carcinoma in the tip of the nose (right side; transverse 
view). (a) Greyscale and (b) 3D reconstruction presents an oval-shaped, 
hypoechoic dermal lesion with hyperechoic spots (arrows). These spots 
have been interpreted as an artifact produced by the tumoral nests and 
are not seen in melanoma or squamous cell carcinoma

Fig. 7 Infantile hemangioma in the tip of the nose. Color Doppler 
(transverse view) shows hypervascular dermal and hypodermal mass 
that involves the left alar nasal cartilage (the right alar nasal cartilages 
is unremarkable)
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extending from the dermis to the hypodermis (Fig.  9) [9]. 
Sometimes the punctum connecting the cyst to the skin sur-
face may be visualized. Due to the hypoechoic nature of the 
cyst, there is often notable posterior acoustic enhancement 
underneath the cyst. With Doppler, increased vascular flow 
can be observed in the periphery of the cyst. Upon rupture, 
the cyst becomes a more ill-defined or lobulated hypoechoic- 
to- heterogeneous structure (Fig.  10) [42]. Around the rup-
tured cyst, there is often robust ill-defined hypoechoic 
foreign body reaction along with increased hypodermal 
echogenicity [42].

A trichilemmal cyst is often found on the scalp and its 
cyst wall lacks a granular layer [35]. On US, it appears simi-
lar to an epidermal cyst, but often lacks the punctum and 
sometimes has a hyperechoic center due to calcification or 
compact hair tracts [26]. If inflamed, increased vascularity 
may be seen at its periphery [32].

5.2  Pilomatrixoma

A pilomatrixoma is a hair matrix-derived benign subcutane-
ous neoplasm often found on the head and upper trunk of 
children [35]. On sonography, its appearance may vary, but 

most commonly presents as a “targetoid nodule” with central 
calcified hyperechoic debris surrounded by a hypoechoic rim 
(Fig. 11) [43]. On color Doppler, its degree of vascularity is 
highly variable, ranging from a hypovascular nodule to a 
hemangioma-like hypervascular lesion [26].

5.3  Neurofibroma

A neurofibroma is a benign tumor of the peripheral nerve 
sheath classically associated with Neurofibromatosis 1 and 2 
[44]. It may present as a cutaneous, subcutaneous, or plexi-

a

b

Fig. 8 Arterio-venous vascular malformation in the preauricular 
region. (a) Grey scale (longitudinal view) shows multiple anechoic 
tubular and lacunar dermal and hypodermal spaces (∗). Measurements 
of the area occupied by these structures among markers (3.74 cm long 
× 1.71 thickness). (b) Color Doppler spectral curve analysis presents 
turbulent arterialized venous flow with high velocity up to 55.1 cm/s 
(reference of a normal carotid artery: 60–120 cm/s)

a

b

Fig. 9 Intact epidermal cyst. (a) Greyscale and (b) 3D reconstruc-
tion demonstrate well-defined, oval-shaped hypoechoic dermal and 
hypodermal structure that produces posterior acoustic reinforcement 
artifact (∗)

Fig. 10 Remnant of a ruptured epidermal cyst. Color Doppler shows 
ill-defined hypoechoic dermal and hypodermal structure that generates 
posterior acoustic reinforcement artifact (∗). There is increased dermal 
and hypodermal vascularity in the periphery of the remnant cyst
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form tumor. On US, a non-plexiform neurofibroma presents 
as an avascular hypoechoic-to-heterogenous focal pseudo- 
nodular or nodular area involving the dermis and sometimes 
the hypodermis, whereas a plexiform neurofibroma presents 
as a collection of multiple hypovascular hypoechoic tracts 
that follow the tortuous paths of nerves (Fig.  12) [45]. In 
some nodular neurofibromas, it is possible to detect the affer-
ent and efferent neural branches.

5.4  Wart

In warts, human papillomavirus induces epidermal hyperpla-
sia and cutaneous neovascularization [35]. On ultrasound, 

they present as hypoechoic fusiform lesions involving the 
epidermis and dermis (Fig.  13) [9]. Color Doppler reveals 
increased vascular flow in the underlying dermis. Plantar 
bursitis can often be observed underneath a plantar wart [46].

6  Benign Neoplasms Involving the Nail

6.1  Periungual Wart

Warts can involve the nail folds and may subsequently extend 
to the nail matrix and nail bed. Similar to other warts, periun-
gual warts present as eccentric hypoechoic fusiform lesions 
on U/S, but often appear hypovascular [11]. Periungual warts 
may affect the nail matrix and lead to onychodystrophy, 
which on U/S appears as thickening of both nail plates and 
increased space between them [47] (Fig. 14).

6.2  Subungual and Periungual Pyogenic 
Granulomas

Pyogenic granulomas (PGs) are also known as lobular capil-
lary hemangiomas. They are reactive lesions that have a predi-
lection for the nail fold and can be associated with trauma or 
systemic drugs [35]. Composed of inflamed proliferating 
granulation tissue, PGs appear clinically as friable red papules 
that may bleed profusely [26, 35]. On U/S, periungual PGs 
often appear as round to oval hypoechoic dermal papules, 
while subungual PGs appear as poorly defined subtly thick-
ened hypoechoic areas in the proximal nail bed or matrix [26]. 

Fig. 11 Pilomatrixoma. Color Doppler (transverse view; right cheek) 
demonstrates well-defined, oval-shaped dermal and hypodermal struc-
ture with hypoechoic rim (o) and hyperechoic calcified center (∗). 
There is posterior acoustic shadowing (pas) artifact due to the presence 
of calcifications

a

b

Fig. 12 (a) Cutaneous plexiform neurofibromatosis. 3D gray scale 
ultrasound reconstruction (transverse view) presents multiple and tortu-
ous hypoechoic dermal and hypodermal neural tracts that displace the 
epidermis upward. (b) Nodular form of neurofibromatosis. Greyscale 
ultrasound (color filter; transverse view) shows lobulated, oval-shaped, 
hypoechoic hypodermal structure (arrow)

a

b

Fig. 13 Plantar wart. (a) Greyscale and (b) Color Doppler demonstrate 
fusiform shaped, hypoechoic, epidermal and dermal structure (1.37 cm 
transverse × 0.28 cm thickness). Notice the bilaminar appearance of the 
epidermis due to the plantar location. There is increased dermal vascu-
larity within the dermal part of the lesion
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The vascularity of PGs may vary, except for the telangiectatic 
variant, which is often hypervascular [26]. Upward displace-
ment and thickening of the nail plates can be seen, but the 
bony margin of the distal phalanx is usually spared [26].

6.3  Glomus Tumor

A glomus tumor is a benign but painful hamartoma derived 
from the neuromyoarterial glomus cells responsible for ther-
moregulation at the arteriovenous anastomosis [35, 48]. 
Clinically, it often appears as a subtle red-blue macule, and has 
a predilection for the nail bed [35]. On ultrasound, it appears 
as a well-defined oval hypoechoic mass with increased vascu-
larity (Fig. 15) [11]. Scalloping of the distal phalanx may be 
observed in the setting of a longstanding glomus tumor [48].

a

b

Fig. 15 Glomus tumor. (a) (Greyscale) and (b) (Color Doppler) com-
parison side-by-side ultrasound images (right and left ring fingers) 
present a well defined, oval-shaped, hypoechoic nodule (6.2 mm long × 
3.2 mm thickness) in the proximal part of the nail bed of the left ring 

finger that affects the matrix region. Notice the upward displacement of 
the nail plate and the scalloping of the bony margin in (a), as well as, 
the hypervascularity of the mass in (b)

Fig. 14 Subungual/periungual warts. Ultrasound in longitudinal view. 
There is a hypoechoic fusiform eccentric hypovascular lesion, with an 
exophytic hyperechoic component located in the proximal nail fold. 
This lesion is associated with thickening of the adjacent portions of the 
nail plates
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6.4  Periungual Fibroma

A periungual fibroma often originates from the proximal nail 
fold and appears as a pink papule of various shapes [35]. 
While a single tumor is often serendipitous, multiple lesions 
on the same patient can be associated with tuberous sclerosis 
and may be referred to as Koenen’s tumors [35]. On U/S, 
they appear as shallow hypoechoic tumors that may be 
round, oval, fusiform, or polypoid (Fig. 16) [11]. On color 
Doppler, they are often hypovascular, except the angiofi-
broma subtype that is hypervascular [49]. Over time, these 
tumors may compress the nail matrix and contribute to ony-
chodystrophy and deep longitudinal grooves in the nail plate.

6.5  Digital Myxoid, Synovial, and Mucoid Cyst

Digital myxoid or synovial cysts are common benign periun-
gual structures derived from mucoid degeneration of connec-
tive tissues between the proximal nail fold and the distal 
interphalangeal joint (DIJ) [48]; these cysts are often con-
nected to the DIJ with protrusion of intra-articular content into 
the skin. On the other hand, the term “digital mucoid cyst” 
may specifically refer to the less common subungual lesions, 

which are caused by subungual collagen degeneration and 
classically do not connect to the DIJ. On U/S, a myxoid or 
synovial cyst appears as a periungual round or oval avascular 
anechoic cystic structure with a tortuous anechoic tract 
 connecting to the DIJ (Fig. 17) [26]. A subungual mucoid cyst 
has a similar appearance but typically lacks the connecting 
tract. Focal internal echoes within the cyst may be seen due to 
mucinous debris [11], and osteophytes are common in DIJ 
connected to synovial cysts [49]. Involvement or compression 
of the nail matrix region may cause onychodystrophy.

6.6  Subungual Exostosis

Subungual exostosis is a benign bony overgrowth of the distal 
phalanx, often associated with trauma or chronic local irrita-
tion [11]. It is most often seen on the great toes of young 
patients as a hard tender subungual nodule that elevates the 
nail plate [35]. On U/S, it appears as an eccentric hyperechoic 
band connected to the bony margin (Fig. 18). A cartilaginous 
hypoechoic cap may overlie the hyperechoic bony outgrowth 
[11]. On Doppler, the lesion itself demonstrates minimal vas-
cularity [50], but there is often increased vascular flow in the 
surrounding thickened hypoechoic nail bed due to inflamma-
tion [26]. The diagnosis should be confirmed with X-ray [35].

6.7  Nail Findings of Systemic Autoimmune 
Diseases

Interestingly, changes in the nail bed vasculature are often 
observed in the setting of connective tissue diseases. Patients 
with systemic scleroderma often demonstrate decreased vas-
cularity and echogenicity of the nail bed along with nail plate 
dystrophy, whereas patients with rheumatoid arthritis have a 
thickened hypervascular nail bed and proximal nail fold with 
increased echogenicity [11]. Patients with systemic lupus 
may have a hypovascular nail bed due to repetitive small 
thromboembolic events.

a

b

Fig. 16 Periungual fibroma, fibrokeratoma or Koenen’s fibroma. 
Ultrasound (a) longitudinal and (b) transverse views. There is a 
hypoechoic, rounded, eccentric, lesion in the proximal third of the nail 
bed with extension to the nail matrix. There is an exophytic component 
seen as a polypoid, hypoechoic and hypovascular lesion involving the 
proximal nail fold

Fig. 17 Periungual synovial cyst. 3D greyscale ultrasound reconstruc-
tion of the ungual region shows an oval-shaped, anechoic dermal struc-
ture located in the proximal nail fold that connects to the distal 
interphalangeal joint (arrow). Abbreviations: dip, distal interphalangeal 
joint; m, matrix region
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7  Cutaneous Inflammatory Processes

7.1  Hidradenitis Suppurativa, Pilonidal 
Cyst, Acne Conglobata, and Dissecting 
Cellulitis of the Scalp

These four diseases are often collectively referred to as the 
follicular occlusion tetrad due to their similar pathophysiology 
[35]. They mainly affect apocrine gland-bearing skin and are 
thought to be caused by occlusion and rupture of the piloseba-
ceous units, leading to vigorous inflammation [51]. Clinically, 
there often present with boggy tender nodulocystic lesions and 
draining fistulous tracts. However, the fluid collection in these 
lesions is usually sterile, and surgical drainage is usually not 
effective. Therefore, it is important to distinguish them from 
cutaneous abscesses. On U/S, there are subcutaneous 
hypoechoic-to-anechoic cystic structures and fistulous tracts 
connecting to dilated hair follicles (Fig. 19) [9]. Within these 
spaces, there are often tiny linear hyperechoic hair fragments 
that are not seen in abscesses [9, 52]. On color Doppler, there 
is increased vascularity in the surrounding tissue due to inflam-
mation [10]. Local lymph nodes are not enlarged, but may 
show cortical thickening and decreased echogenicity [53].

7.2  Psoriasis

Psoriasis is a chronic immune-mediated multi-organ disease 
[35]. On U/S, psoriatic plaques show a thickened undulating 
epidermis and a hypoechoic hypervascular upper dermis. 
The nail plates lose their definition and become thickened 
and undulating, while the nail bed becomes thickened and 
hypervascular with decreased echogenicity [26]. Psoriatic 
arthritis (PsA) demonstrates prominent hypoechoic 

synovium, anechoic fluid, increased vascularity, and periar-
ticular erosions [26, 54]. Compared to onychomycosis, 
which typically show loss of interplate space proximally and 
decreased plate-DIJ distance on US, psoriatic nails often 
show preserved interplate space but are frequently associated 
with PsA changes in the DIJ (Fig. 20) [55]. Other than the 
above three locations, psoriasis can also affect the enthesis 
and bony margins, which may also be examined using 
ultrasonography.

7.3  Scleroderma and Morphea

Scleroderma is an autoimmune connective tissue disease of 
unknown etiology [35]. The ultrasonography features vary 

Fig. 18 Subungual exostosis. Greyscale (side-by-side comparison; right and left thumbs) shows hyperechoic band emerging from the bony mar-
gin of the distal phalanx that protrudes into the nail bed

Fig. 19 Hidradenitis suppurativa. Greyscale ultrasound (longitudinal 
view, right perineal region). Hypoechoic fistulous tract (5.05 cm long × 
0.45 cm thickness; between markers) running in the dermis and hypo-
dermis with hypoechoic laminar bands (arrows) in the periphery sug-
gestive of fibrosis. There is an increased echogenicity of the underlying 
hypodermis due to edema. Notice the thickening and decreased echo-
genicity of the dermis (∗) adjacent to the fistulous tract in the left side 
of the image and the apparently “normal” appearance of the dermis (o) 
in the right side of the image
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between different phases of scleroderma and can be helpful 
in monitoring disease progression, especially for deep 
lesions [56]. During the active phase, the dermis becomes 
thickened and hypoechoic, while the hypodermis becomes 
hyperechoic [10]. During the late phase, there is marked 
thinning of the dermis and loss of subcutaneous fat [26]. 
Increased cutaneous blood flow and increased hypodermal 
echogenicity are highly sensitive and specific markers of 
active disease (Fig. 21) [10]. More recently, there have been 

suggestions that ultrasound elastography may be useful in 
assessing the extent of subtle skin involvement in systemic 
sclerosis [57].

7.4  Other Inflammatory Diseases

The ultrasound can identify subperichondrial serous effusion 
in relapsing polychondritis and differentiate it from repetitive 

a

b

c

Fig. 20 Psoriasis. (a) Nail 
psoriasis. Color Doppler 
(longitudinal view) shows an 
increased thickness of the nail 
bed, hyperechoic focal 
thickening of the ventral plate 
and increased vascularity in 
the proximal nail bed. (b) 
Cutaneous and extensor 
tendon involvement. 
Greyscale ultrasound (middle 
finger; longitudinal view) 
demonstrates thickening and 
decreased echogenicity of the 
dermis with thickening and 
undulation of the epidermis 
(arrow). There is decreased 
echogenicity of the insertion 
of the central band of the 
extensor tendon in the base of 
the middle phalanx. (c) Joint 
involvement. Greyscale 
ultrasound (side-by-side 
comparison; right and left 
index fingers) shows a mild 
distention with fluid (arrow 
and markers) in the proximal 
interphalangeal joint of the 
left index finger
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traumatic damage [58, 59]. It is also useful for monitoring dis-
ease activity and screening of extra-auricular cartilage involve-
ment in relapsing polychondritis [60, 61]. In dermatomyositis, 
ultrasound is one of the three accepted imagining modalities 
for confirmation of muscular involvement, as it can identify 
increased interstitial echogenicity in skeletal muscle [62]. In 
nodular fasciitis, the characteristic sonography finding 
involves poorly defined hypoechoic 1.8–3.5 cm lobulated 
masses adjacent to the fascia [63].

7.5  Panniculitis

Panniculitis refers to inflammation of the adipose tissue, and 
may involve the fat lobules or septa [35]. U/S is a non- invasive 

modality that can help define the predominant pattern of 
inflammation [9]. In both septal and lobular panniculitis, the 
hypodermis becomes hyperechoic due to edema (Fig. 22). In 
a predominantly septal panniculitis such as erythema nodo-
sum, other than hyperechogenicity of the hypodermal fat, the 
fibrous septa become markedly thickened and hypoechoic 
[9]. In the case of fat necrosis, anechoic hypodermal pseudo-
cysts may also be detected due to liquefaction of the fat [9]. 
Rarely, hyperechoic hypodermal calcium deposits with asso-
ciated posterior acoustic shadows may be seen in infant fat 
necrosis [64, 65]. On color Doppler, all panniculitides tend to 
demonstrate increased hypodermal vascularity.

7.6  Mycetoma

Mycetomas arise as the result of chronic granulomatous infec-
tions due to bacteria or fungi [35]. They are more common in 
tropical rural regions and commonly affect the lower limbs [66]. 

a

b

c

Fig. 21 Morphea. Active morphea (a, b). (a) Greyscale (anterior 
aspect of the right thigh) and (b) Color Doppler ultrasound(scalp). (a) 
Areas with increased echogenicity of the hypodermis (∗) and loss of the 
border (arrows) between the dermis and hypodermis are seen in (a). 
Notice the areas with normal (n) echogenicity of the hypodermis in the 
periphery. In (b), there is increased dermal and upper hypodermal blood 
flow. (c) Inactive and atrophic morphea. Color Doppler ultrasound 
(scalp) presents a morphea with atrophy of the dermis and hypodermis. 
There is a lack of fatty hypodermal tissue and no signs of regional 
hypervascularity

a

b

c

Fig. 22 Panniculitis. (a) Predominantly lobular and (b) 
Predominantly septal. Color Doppler ultrasounds (a, anterior aspect 
of the right arm (longitudinal view); b, abdominal wall). (a) Lupus 
panniculitis. A diffuse increase of the hypodermal echogenicity (∗). 
(b) Granulomatous panniculitis. Heterogeneous echogenicity of the 
hypodermis with hyperechoic fatty lobules and hypoechoic tissue in 
the septae. In both types, there is a loss of definition of the borders 
between the dermis and hypodermis and regional hypodermal 
hypervascularity
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On U/S, mycetomas demonstrate hypoechoic communicating 
tracts and the classic “dot-in-circle” sign with a single hyper-
echoic dot within a round hypoechoic structure [9]. On Doppler, 
there is often increased vascularity surrounding the lesion.

7.7  Keloid

On ultrasound, a keloid appears as a hypoechoic or hetero-
geneous thickening of the dermis, commonly with a lami-
nar pattern and an upward displacement of the epidermis 
(Fig. 23) [57]. Because the lower threshold for blood flow 
detection on U/S is about 2 cm/s, dermal blood flow in nor-
mal skin is usually undetected. Therefore, U/S detection of 
blood flow within a keloid is often indicative of active 
growth stimulated by underlying inflammation and angio-
genesis that is often seen on histology. This U/S finding 
can be very helpful for keloids undergoing treatment, 
especially considering that biopsies of keloids are often 
contraindicated.

8  Miscellaneous Skin Conditions

8.1  Other Subcutaneous Nodules: Gouty 
Tophus, Rheumatoid Nodule, 
Xanthoma

On U/S, gouty tophi appear as poorly-defined heterog-
enous hyperechoic masses with interspersed hypoechoic 
areas, acoustic shadowing, and adjacent bone erosion [67]. 
Rheumatoid nodules may also often appear close to the 
bone, but are rarely erosive; they appear as homogeneous 
hypoechoic masses with a sometimes less echoic center 
likely due to necrosis [67]. Xanthomas appear as well- 
defined homogenous hypoechoic nodules sometimes asso-
ciated with large tendons [68].

8.2  Lipoma

Lipoma is the most common soft tissue benign tumor and 
often presents as an oval to round mass that is parallel to the 
axis of skin layers [67]. The echogenicity of lipomas varies 
according to the tissue attached to the fat. Thus, fibrolipomas 
tend to be hypoechoic, and angiolipomas tend to be hyper-
echoic (Fig. 24). On color Doppler, lipomas tend to demon-
strate low vascularity. Suspicious ultrasonographic signs of 
malignancy include: size ≥5  cm, heterogeneous echo-
genicity, and hypervascularity within the mass.

8.3  Foreign Bodies

Foreign bodies are sometimes inoculated into the skin, and 
patients may be aware of only the cutaneous symptoms and 
not the underlying inoculation [69]. On ultrasound, solid for-
eign objects often appear as hyperechoic geometric struc-
tures surrounded by hypoechoic hypervascular granulomatous 
inflammation (Fig. 25) [10]. Synthetic material such as metal 
or glass often produces posterior acoustic reverberation arti-
fact [49]. Ultrasound can also be used to rule out deep hema-
tomas and abscesses sometimes associated with foreign 
objects [10]. A wide area of examination is strongly recom-
mended, as the object may lie far away from the primary skin 
lesion. Furthermore, sterile gel is recommended for open 
skin [10]. When there is soft tissue emphysema, a lateral 
approach or water bath for distal limbs can be helpful [70].

Fig. 23 Active keloid. Color Doppler ultrasound (longitudinal view; 
left foot).Thickening and decreased echogenicity of the dermis with a 
laminar pattern and upward displacement of the epidermis. Slightly 
increased vascularity (in colors) within and adjacent to the keloid 
region

a

b

Fig. 24 Lipomas (greyscale ultrasounds). (a) Fibrolipoma (longitudi-
nal view; ventral right forearm). Well-defined, oval-shaped hypoechoic 
hypodermal mass (4.67 cm long; between markers), almost isoechoic 
with the adjacent hypodermal fatty tissue. (b) Angiolipoma (transverse 
view; dorsal right arm). Oval shaped, hyperechoic hypodermal mass 
(1.89 cm transverse × 0.49 cm thickness)
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8.4  Cosmetic Fillers

Other than the danger of rare acute vascular occlusion, fillers 
may also cause subacute-to-chronic edema, nodules, granulo-
mas, and morphea-like reactions [71]. Sometimes, there is a 
lack of clear clinical history from the patient. In these cases, 
ultrasonography can provide helpful clues. On U/S, fillers are 
usually located in the hypodermis. The most commonly used 
hyaluronic acid (HA) filler produces anechoic pseudocysts, 
while HA-lidocaine mixtures and high-density HA create 
additional echoes within the pseudocysts (Fig.  26a) [71]. 
Polyacrylamide gel also produces anechoic pseudocysts, but 
the pseudocysts are often associated with hyperechogenicity 
of the underlying hypodermis [71]. For non-degradable fill-
ers, polymethylmethacrylate appears as hyperechoic dots 
with a comet-tail artifact, and calcium hydroxyapatite appears 
as hyperechoic bands with posterior acoustic shadowing arti-
facts [72]. Pure silicone appears as an anechoic deposit, while 
silicone oil can be seen as hyperechoic deposits with posterior 
reverberation artifacts, thereby creating a “snowstorm” pat-
tern (Fig.  26b) [72]. Although most filler-induced vascular 
occlusion involves smaller dermal vessels, a thorough color 
Doppler examination of related facial arteries should be per-
formed after more immediate measures [10].

8.5  Live Organisms

Particularly in tropical regions, non-microbial parasites such 
as larvae or worms may infiltrate the skin. On US, these par-
asites may be identified as well-defined objects with sponta-
neous movement and inherent bloodflow [9, 73]. For myiasis 
and filariasis, U/S may be used to visualize the spontaneous 

movements of larvae or worms inside cavities and lymphatic 
channels [74].

9  Other Uses of Ultrasound 
in Dermatology

Many skin conditions can be caused by underlying vascular 
abnormalities, and color Doppler U/S is a cost-effective and 
minimally invasive tool that can provide both anatomic and 
physiologic information about the vasculature [75]. For leg 
ulcers, U/S can be used to assess arterial and venous  insufficiency, 
and may even uncover occult soft-tissue and bone infections 
[35]. It is also frequently used to rule out deep venous thrombo-
sis [76] and to conduct comprehensive deep venous system 
evaluation for diseases such as Klippel- Trenaunay Syndrome 
[77]. For arterial diseases such as temporal arteritis, U/S may 
help diagnose and identify the optimal biopsy site, thereby 
avoiding risky sites and unnecessary biopsies [78].

U/S is also an essential tool for office-based vein proce-
dures. Before leg vein phlebectomy, reflux from the deep 
venous system as well as the saphenofemoral and sapheno-
popliteal junctions must be ruled out or corrected, often 
under the guidance of duplex ultrasound [79]. Subsequently, 
duplex U/S is often used confirm the target vein segment. 
Duplex U/S can also help to visualize the flow of foamed 
agents during sclerotherapy to avoid inadvertent arterial 

Fig. 25 Foreign body. 3D reconstruction (greyscale with a color filter; 
longitudinal view). In the pulp of the index finger, there is a bilaminar 
hyperechoic hypodermal structure (arrow; a splinter of wood). A thin 
band of hypoechoic inflammatory tissue (o) surrounds the foreign body

a

b

Fig. 26 Cosmetic fillers (greyscale ultrasounds; longitudinal views). 
(a) Hyaluronic acid. Oval and round shaped anechoic pseudocystic 
deposits in the inferior and medial part of the orbicularis muscle of the 
right lower eyelid and the adjacent hypodermis of the upper part of the 
cheek. (b) Silicone oil. Hyperechoic hypodermal deposits with diffuse 
reverberance artifact (“snow storm” appearance) in the glabellar region. 
Abbreviations: om, orbicularis muscle; iof, intraorbital extraconal fat 
pad; mb, bony margin of the maxilla, hyperechoic calcified center (*)

C. Y. Wang et al.



331

injection [35]. After the procedure, it can be further used to 
confirm successful treatment.

Furthermore, U/S can also be used as a primary treatment 
modality to promote skin healing in lipodermatosclerosis 
[80] and recalcitrant wounds [81]. HIFU (high intensity 
focused ultrasound) is a therapeutic modality that directs 
highly concentrated soundwaves to a precise target in deep 
tissue. Its frequency can be manipulated to produce heat, cav-
itation, or shock waves [82]. In principle, this modality can be 
used to destroy tumors, fat, or deep-tissue deposits such as 
calcium stones [35]. Due to its ability to generate heat, HIFU 
can also be used for treatment of rhytids. Lastly, via cavitation 
of the stratum corneum [83] and heating of deep tissues [84], 
U/S can also be used to enhance transdermal delivery of drugs 
such as anti-inflammatories and topical lidocaine [85].
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1  Introduction

Ultrasound has had tremendous and timeless impacts on 
many medical professions but there are few specialties that 
utilize ultrasound as both a diagnostic and interventional or 
procedural tool. Some of these medical subspecialties have 
led practical developments and published a prolific body of 
evidence that deepened our contemporary understanding of 
ultrasound applications. These include radiology, cardiol-
ogy, emergency medicine, critical care medicine, pain man-
agement, and anesthesiology. Collaborations between 
experts of these fields have translated valuable ultrasound 
technology into relevant clinical settings that improved 
patient care as well as care delivery. One such example is the 
evolution of transesophageal echocardiogram (TEE) as a 
diagnostic tool in cardiology into its use in cardiac anesthe-
siology as both a diagnostic and therapeutic tool.

The surgical and perioperative periods are unique settings 
because they demand the use of a combination of diagnostic 
strategies and therapeutic interventions in a dynamic and 
rapidly changing clinical environment. Timely diagnosis and 
treatment of iatrogenic trauma or medically induced distur-
bances in patient conditions that may have catastrophic con-
sequences can greatly impact on patient outcomes. Many 
experts have published on and employed the I-AIM frame-
work in their approach to POCUS [2]. I-AIM stands for 
Indication, Acquisition, Interpretation, and Medical deci-
sion making. It focuses on a specific clinical indication or 
problem in order to drive utilizing a particular technique to 
arrive at a decision and executing an intervention [2]. 
Common examples of focused indications include full stom-
ach, pneumothorax, hypovolemia, difficult airway, and inter-
nal hemorrhage. The identification or recognition of these 

indications drives specific ultrasound applications such as 
gastric, lung, cardiac, airway, or trauma. The next steps in 
I-AIM is to learn the skills to acquire ultrasound images and 
interpret the findings in a focused manner that only responds 
to the original indications and ultimately determines deci-
sion making. To illustrate the practicality of this framework, 
a clinical scenario can bring into question whether a patient 
is full stomach or not and whether they would be a candidate 
for safe and elective surgery (i.e. indication). Gastric ultra-
sound images are acquired and interpreted as the patient hav-
ing full stomach (i.e. acquisition and interpretation). Finally, 
surgery is postponed or anesthetic techniques are modified 
based on the provider’s interpretation (i.e. medical decision 
making). This same framework can be applied to other well 
described clinical contexts that have specific indications that 
are matched with a particular ultrasound technique that in 
turn would yield a change in decision making. This change 
in decision making can potentially impact on patient safety 
and outcomes. Some other well described indications include 
pulmonary edema, diaphragmatic paresis, cardiac tampon-
ade, pulmonary embolism, dysfunctions or pathologies of 
various cardiac valves, and impaired cardiac contractility. 
When applied in the appropriate clinical settings (a patient 
with severe history of diabetic gastroparesis who has received 
large amount of opioids before surgery, a patient who is dys-
pneic after a brachial plexus block, severe hypotension intra-
operatively, difficulty troubleshooting ventilator settings to 
improve oxygenation in a patient with pulmonary disease, a 
trauma patient, etc…), POCUS has the potential to change 
perioperative management considerably.

However, it is also important to note that POCUS is an 
emerging field that is currently undergoing development in 
technique and evidence. Some aspects of POCUS such as 
airway or gastric ultrasound have not been subjected to the 
same degree of academic evaluation compared to cardiac or 
lung ultrasound techniques that have enjoyed much more 
fertile contributions from cardiology, critical care, and emer-
gency medicine fields. For instance, there has been less pub-
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lished knowledge on how airway ultrasound can accurately 
diagnose esophageal intubations or how gastric  ultrasound 
can apply to other surgical population such as pediatric and 
obstetric patients. Experts are still refining certain novel tech-
niques while increasing our general knowledge and applica-
bility of others. We must acknowledge that while ultrasound 
has proven useful in answering focus clinical questions or 
providing more depth of insights to derangements in patient 
conditions, there are still limitations and gaps in our under-
standing. While the concept of performing preoperative lung 
or cardiac ultrasound exams in a hip fracture patient exhib-
iting symptoms is fascinating and potentially impactful, to 
date there are no population studies that definitively illustrate 
that these specific ultrasound interventions are efficacious 
and cost effective in terms of patient outcomes and safety.

Despite these current shortcomings, POCUS promises 
great potential in the areas of education and implementation. 
Anesthesiologists are already extremely familiar with many 
of the procedural aspects of ultrasound as well as the practi-
cal use of ultrasound equipment. The ubiquitous nature of 
ultrasound in all types of anesthesiology practices makes it 
easy to expand POCUS. Practitioners might not be familiar 
with the various POCUS terminologies or the subtle skills to 
acquire complex images, but the basic understanding of 
ultrasound knobs and the manual dexterity with acquiring 
images for peripheral blocks or vascular access makes 
POCUS relatively easy to teach and simple to master. Many 
national anesthesiology societies and ultrasound organiza-
tions are brainstorming guidelines and standards for ultra-
sound applications in the perioperative settings. Regulatory 
bodies and board certification institutions are incorporating 
elements of POCUS for resident training and continuing 
medical education. It would not be a surprise to foresee the 
implementation of POCUS into clinical pathways and peri-
operative surgical homes for local healthcare institutions, its 
applications and documentation of results serving as bench-
marks for governing establishments or insurance companies 
to dictate future reimbursement models, as well as POCUS 
transitioning into perioperative standards or routine practice. 
Similar to how the stethoscope has characterized advances in 
medicine in the 19th and 20th century, the modern point of 
care ultrasound in the perioperative setting will share the 
potential and capability in changing the application, interpre-
tation, and medical decision making for our patients. As phy-
sicians, it is essential to master the fundamental aspects of 
POCUS in the 21th century.

2  Gastric Ultrasound

2.1  Indications

The American Society of Anesthesiologists (ASA) offers 
pre-operative fasting guidelines to reduce risk of pulmonary 
aspiration of gastric contents in healthy patients [3]. However, 
a number of patient factors may contribute to variations and 
delay in gastric emptying, including diabetic gastroparesis, 
critical or end-stage illness, high dose opioids, anatomic 
anomalies, neuromuscular disease, and pregnancy [2, 4, 5]. 
On the other hand, more urgent procedures might require 
additional information to accurately analyze the benefits and 
risks of proceeding with surgery with less fasting time for 
selected patients. Finally, concerns regarding poor historians 
or patients unable to provide a history make an objective 
technique to ascertain gastric contents desirable [6]. All of 
these scenarios have potential to change medical decisions 
on proceeding with surgery preoperatively, alterations in 
anesthetic techniques and airway management intraopera-
tively, as well as decisions to provide mechanical ventilation 
or starting oral intake postoperatively.

2.2  Acquisition of Image and Sonoanatomy

A low-frequency curvilinear transducer is required to achieve 
adequate depth of ultrasound penetration in typical adult 
patients. Gastric ultrasound can be performed with the 
patient in supine or in right lateral decubitus (RLD) posi-
tions. Visualization of fluid in the supine position suggests 
higher gastric volume since fluid is more evenly distributed 
in the stomach when the patient is supine [7, 8]. The RLD is 
more sensitive to smaller amount of fluid since fluid tends to 
migrate with gravity towards dependent portions of the stom-
ach. In fact, most literature has focused on patients in the 
RLD position, where the dependent region is the antrum of 
the stomach. This portion of the stomach just proximal to the 
pylorus is a region well visualized by ultrasound with easily 
recognizable anatomic landmarks [7].

The ultrasound transducer is oriented sagittally (Fig. 1), 
beginning subxiphoid and scanning left or right until the 
descending aorta or IVC appear in long axis view as a deep 
structure. The liver will be seen superficially below the mus-
cles of the abdominal wall, and the antrum of the stomach 
will be the hollow viscous that is just deep to the caudal edge 
of the liver, superficial to the pancreas (Fig. 2).
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2.3  Clinical or Pathological Interpretation 
and Medical Decision Making

The empty stomach appears as an ovoid, “target” shaped 
structure due to the relative echogenicity of the 5 gastric wall 
layers (Fig.  2) [9]. The stomach containing clear liquid 
appears similarly, but with a larger anechoic central region 
(Fig. 3). Small amount of clear fluid may be present in the 
fasting stomach due to normal gastric secretions. Larger 

 volumes of recently consumed clears may be mixed with air, 
yielding a “starry” appearance (Fig. 4) [7].

Though the volume that constitutes aspiration risk is not 
well defined or validated, the volume of secretions in fasting 
patients has been well studied, and is quantified as less than 
1.5 mL/kg [7]. There is a well-validated, linear relationship 
between the cross-sectional area of the antrum (measured via 
caliper trace around the outermost serosal layer of the stom-
ach on ultrasound) and the associated gastric volume, 
described by Perlas et al. [10] as:

Fig. 1 Sagittal probe looking for gastric antrum

Fig. 2 Empty stomach with labeled surrounding structures

Fig. 3 Stomach with liquid

Fig. 4 Stomach with liquid and air

 
Gastric volume mL cross sectional area of antrum i� � � �27 14 6.  nn right lateral decubitus age� � � � �1 28.
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This formula, along with published version of an applied 
nomogram, can be used to calculate the volume of the stomach 
(Fig. 5). A stomach with a volume above 100 mL, which rep-
resents approx. 1.5 ml/kg in the average 70 kg person, is con-
sistent with a higher than normal fasting stomach content and 
may favor a change in anesthetic plan. Experts also propose a 
simpler semi-quantitative approach, whereby a “grade 0 
antrum” has no appreciable content, a “grade 1 antrum” has 
liquid content that can be seen in RLD but not supine, and a 
“grade 2 antrum” has clear fluid visible in both positions [8].

Solid gastric contents appear as “frosted,” heterogeneous 
and hyperechoic, potentially with pockets of air that may 
reflect ultrasound beams and obscure deeper structures 
(Fig. 6) [7]. The finding of solid stomach contents present an 
elevated risk for aspiration and may favor a change in 
 anesthetic plan, whether rapid sequence induction, delay of 
elective procedure, or alternative technique.

3  Lung Ultrasound

3.1  Indications

Point of care lung ultrasound has been widely adopted within 
emergency medicine, trauma surgery, and critical care [11]. 
Within the field of anesthesiology, lung ultrasound offers the 
information to quickly distinguish between multiple etiolo-
gies of respiratory distress and hypoxia, including those 
caused directly by recent clinical intervention. With a rapid 
bedside scan, pneumothorax, pleural effusion, and diaphrag-
matic paresis (which may have occurred during block place-
ment or central line insertion) may be assessed and 
distinguished from interstitial or alveolar processes, such as 
pulmonary edema or pneumonia [12]. Of note, for the most 
part, the lung itself is not being assessed during this exam; 
rather, the artifacts generated by the interface of lung, pleural 
membranes, and surrounding structures are interpreted [13].

3.2  Acquisition of Image and Sonoanatomy

Linear, curvilinear, and phased array ultrasound transducers 
can all be employed to assess pathologies, and the order of 
exam may vary depending on level of suspicion for a particu-
lar pathology [11].

Pneumothorax is commonly assessed in the supine posi-
tion along the apical portion of the lung fields with a high 
frequency linear transducer, allowing air to rise to the ante-
rior chest where it is most easily imaged. The probe is placed 
in the second through fourth intercostal space in a parasagit-
tal plane along the midclavicular line (Fig. 7). When a patient 

Fig. 5 Figure 3 with CSA caliper measurement to determine fluid vol-
ume. Using the equation, volume  =  27.0  +  (14.6∗9.09) − 
(1.28∗30) = 121 mL, which is >1.5 mL/kg in this 70 kg, 30 year old 
patient

Fig. 6 Stomach with food Fig. 7 Parasagittal lung ultrasound

S. Bohaczuk and Y. Lai



341

is breathing, the visceral and parietal pleural slide against 
each other, generating a “curtain closing” or “ants marching” 
appearance, referred to as “lung sliding.” “Lung pulse” 
occurs in the apneic patient or between breaths, when the 
two layers of pleura move along each other due to pulsatile 
cardiac motion. “B lines” are laser-like vertical reverberation 
artifacts generated between aerated lung and interstitial fluid 
at the deepest edge of the ultrasound screen (Fig. 8). These 
appear as “comet-tails” or “rockets” that extend from the vis-
ceral pleura to lung parenchyma, and appear to move in-sync 
with lung sliding. The presence of lung sliding, B lines, or 
lung pulse effectively rule out pneumothorax [11–13]. In 
M-mode (motion mode), which focuses on a single ultra-
sound beam over time, the “seashore” sign is generated 
where the less mobile chest wall appears in the shallow field 
and the lung appears deep, with a bright line in the center 
generated by the pleura (Fig. 9).

Pleural effusion is assessed in the sitting or supine posi-
tion, with probe placed along the axillary or posterior axil-
lary line to locate the most dependent region where fluid will 
pool (Fig.  10). A low frequency curvilinear transducer is 
typically chosen for adequate penetration. The diaphragm is 
identified by scanning along the base of the chest wall, and 
will appear as a hyperechoic line along the more inferior 
solid organ upon which it abuts (spleen on left, liver on 
right). In normal lung, the aerated lung will also appear 
adherent to the diaphragm, with no appreciable gap (Fig. 11).

Ultrasound can also be used to assess diaphragmatic 
excursion, such as in the setting of respiratory distress after 
brachial plexus block (most commonly the interscalene 
block). The diaphragm can be assessed either by imaging 
through the spleen and liver, or by imaging between intercos-
tal spaces. When imaging through the spleen and liver, a low 
frequency probe is placed subcostal and aimed cranially, 
medially, and dorsally, as perpendicular to the diaphragm as 
possible, using the solid organ as an acoustic window to the 
diaphragm [14]. When imaging between intercostal spaces, a 
high frequency probe is oriented sagittal, placed at approxi-
mately the 8th to 10th intercostal space in the anterior axil-
lary line, and moved inferiorly until diaphragmatic movement 
is seen [15]. In either case, the patient is typically supine.

Fig. 8 Parasagittal anterior chest, B lines labeled

Fig. 9 Seashore sign Fig. 10 Posterior axillary line probe
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3.3  Clinical or Pathological Interpretation 
and Medical Decision Making

If there is air sitting between the visceral and parietal pleura, 
as occurs during a pneumothorax, the pleural layers will not 
slide against each other. If there is air overlying the visceral 
pleura, B-lines will not be generated at this interface. In 
M-mode, the seashore sign will be replaced by the “barcode 
sign” or “stratosphere sign” where the deep portions of the 
screen (lung) appear similar to the shallow fields (chest wall) 
due to loss of the pleural interface (Fig. 12). Pneumothorax is 
confirmed with localization of the “lung point,” which is 100% 
specific to pneumothorax, but not always visible [13, 16]. The 
lung point occurs at the transition point, where in one screen it 
is possible to see normal visceral and parietal pleural interface 
alongside the obliterated interface, moving as breathing 
occurs. The lung point is localized by scanning laterally and 
posteriorly until normal lung interface is identified. Three or 
fewer B lines in a field are consistent with normal lung, while 
more than three B lines within a single intercostal field are 
associated with interstitial edema [12]. If multiple B lines are 
seen, scanning the anterior, lateral, and posterior lung fields 
can help to distinguish localized processes, such as pneumo-
nia, from diffuse processes, such as congestive heart failure or 
ARDS.  Typically, an eight-region anterior lung scan is per-
formed at minimum to assess for interstitial pathology [11].

Pleural effusion is more likely to be detected with ultra-
sound than chest radiograph, and will appear as an anechoic 
layer between the diaphragm and the lung [17]. Depending 
on the blood or protein content of the fluid, it may appear 
anechoic throughout or may have echogenic strands or clots. 
Movement of the lung through the anechoic fluid will may 
also be appreciated in M-mode (“sinusoid sign”) [11].

In the subcostal technique, diagphragmatic excursion is 
measured by asking the patient to sniff and measuring the 
inflection (Fig. 13). Normal excursion is 2.8 ± 0.6 cm, mea-
sured in M-mode during sniff, with slightly higher values 
seen in men than women [14, 18]. The diaphragm thicken-
ing fraction can also be calculated (change in thickness at 
inspiration vs expiration/thickness at expiration), with an 
average reported change of 54% [14]. In the intercostal 
technique, the diaphragm thickening fraction can also be 
measured [15].

Fig. 11 Posterior axillary line, no effusion

Fig. 12 Barcode sign (breath hold)
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4  Cardiac Ultrasound

4.1  Indications

FATE (Focused Assessed Transthoracic Echocardiography) 
allows for immediate qualitative assessment of volume 
 status, cardiac chamber characteristics such as dimension, 
contractility and wall motion; and gross valvular function 
[19, 20]. This can become important perioperatively to deter-
mine appropriate anesthetic technique or to troubleshoot 

major disturbances in hemodynamic instability. Real-time 
and dynamic FATE exam can guide decision to proceed or 
postpone surgery in an unstable patient with signs and symp-
toms of hypotension with multiple competing etiologies or 
ambiguous causes. Point of care cardiac ultrasound can also 
dictate needs for additional and other formal testing (TTE 
performed by cardiologist, detailed assessment of valvular 
function, stress testing) or the placement of invasive lines 
before surgery.

4.2  Acquisition of Image and Sonoanatomy

The phased-array probe is preferred for cardiac ultra-
sound [19]. Its small size makes it easy to navigate 
between bony structures of the anterior chest, while 
maintaining the wide imaging area and the depth of pen-
etration necessary to obtain an adequate exam. For sub-
costal views, the patient is supine with knees flexed. 
While parasternal and apical views may also be obtained 
with a supine patient, left lateral decubitus position dis-
places structures of interest anteriorly, producing a higher 
quality image.

4.3  Clinical or Pathological Interpretation 
and Medical Decision Making

Cardiac Ultrasound Interpretation [19–22]:

Fig. 13 Diaphragmatic excursion w/sniff, 2.66 cm by caliper measure-
ment in this patient

View Probe Placement
Ultrasound 
View

Notable structures and 
key features Potential pathology to note Further assessment

Subcostal 4 
chamber view

Subxiphoid, marker 
aimed to left 
shoulder
Fig. 14

Fig. 15 All 4 cardiac chambers, 
mitral and tricuspid 
valves

Hypertrophic or dilated 
cham bers, contractility, wall 
motion abnormalities, valvular 
lesions, pericardial effusion or 
tamponade

Massive PE may show bowing of 
intraventricular septum into LV 
during systole [23]

Subcostal 
IVC view

R subcostal, slightly 
off medial, marker 
aimed cephalad
Fig. 16

Fig. 17 IVC in long axis, as it 
meets the right atrium

Widely dilated IVC or collapsed 
IVC, indicating volume status

M-mode assessment of IVC 
collapsibility during inspiration [24]: 
Normal IVC diameter is <1.5 cm, 
with >50% collapse on inspiration. 
Complete collapse suggests 
hypovolemia, while diameter >3 cm 
without change during inspiration 
suggests hypervolemia.

Parasternal 
long axis 
(PLAX) view

L sternal border, 
roughly 3rd 
intercostal, marker 
aimed to right 
shoulder
Fig. 18

Fig. 19 Right ventricle, 
intraventricular septum, 
left ventricle, left 
ventricle inflow and 
outflow, aortic and mitral 
valves

Hypertrophic or dilated 
ventricles, LV or RV wall motion 
abnormality, contractility, mitral 
or aortic valvular lesions, 
ascending aorta dilation, dilated 
left atrium, pericardial effusion 
or tamponade

Aortic stenosis can be qualitatively 
assessed in terms of cusp mobility 
and thickness.

Parasternal 
short axis 
(PSAX) view

L sternal border, 
roughly 3rd 
intercostal, marker 
aimed to left shoulder
Fig. 20

Fig. 21 Right ventricle, 
intraventricular septum, 
left ventricle

Hypertrophic or dilated 
ventricles, LV or RV wall motion 
abnormality, contractility, 
pericardial effusion or 
tamponade, hypovolemia

Hypovolemia will present with a 
hyperdynamic LV with walls 
appearing to touch during systole
Massive PE may show collapsed LV 
compared to RV (D-shaped LV)

Apical 4 
chamber view

Point of maximum 
impulse, marker 
aimed to left axilla
Fig. 22

Fig. 23 All 4 cardiac chambers, 
mitral and tricuspid 
valves

Hypertrophic or dilated 
chambers, wall motion 
abnormalities, contractility, 
valvular lesions, pericardial 
effusion or tamponade

Best view to assess RV size (should 
appear less than 2/3 size of LV) [23]
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Fig. 15 SUBCOSTAL 4C ultrasound view

Fig. 16 SUBCOSTAL IVC probe position

Fig. 17 SUBCOSTAL IVC ultrasound view

Fig. 14 SUBCOSTAL 4C probe position
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Fig. 18 PLAX probe position

Fig. 19 PLAX ultrasound view

Fig. 20 PSAX Probe position

Fig. 21 PSAX Ultrasound View
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Fig. 23 A4C Ultrasound View

Fig. 22 A4C Probe position

5  Additional Point of Care Techniques: 
Airway Ultrasound and FAST Exams

5.1  Indications

Airway ultrasound and FAST (Focused Assessment with 
Sonography for Trauma) exams are highlighted here briefly 
as additional techniques. Airway ultrasound has limited use 

as a diagnostic tool compared to its other POCUS counter-
parts. FAST exam is traditionally performed in emergency 
settings for trauma and the majority of its elements (look-
ing for pericardial fluid and occult fluid in abdominal 
recesses) have been incorporated in cardiac/FATE exams in 
POCUS. Also, FAST exam is described in detail in other 
chapters and repetitive elements of FAST will not be men-
tioned here.

Point of care airway ultrasound can be used to assess 
landmarks on the anterior neck in patients who have chal-
lenging anatomy (morbid obesity, congenital anatomical 
changes, and acquired anatomical changes due to head and 
neck malignancy, surgery or radiation to the neck). Airway 
ultrasound assesses for sonoanatomy landmarks such as tra-
cheal cartilages, cricoid cartilage, thyroid cartilage, mem-
branes and ligaments between cartilages, air interfaces, 
thyroid glands; muscles of the neck, relevant anatomy of 
laryngeal inlet, vocal cords, esophagus, vessels, and thyroid 
gland. Airway ultrasound can be useful to localize cricothy-
roid membrane and hyoid bone for airway blocks (recurrent 
laryngeal nerve and trans-tracheal nerve blocks) used during 
awake fiberoptic intubations as well as cricothyrodotomy; 
localize tracheal rings for dilatational tracheostomy; detec-
tion of esophageal intubations, and to evaluate for vocal cord 
function.

5.2  Acquisition of Image and Sonoanatomy

Place a high frequency linear transducer in a transverse ori-
entation on the neck and scan in a consistent manner either 
from cephalad to caudad or in reverse (Fig. 24). From cau-
dad to cephalad, visualize the tracheal rings and cartilages 
to localize potential tracheostomy sites. At this level, the 
esophagus and the thyroid gland can also be visualized 
(Fig. 25) Insufflating or desufflating the endotracheal tube 
pilot balloon can detect movement in either the tracheal or 
esophageal lumen to evaluate the location of the endotra-
cheal tube. As the transducer ascends more cephalad, cri-
coid cartilage and subsequently the thyroid cartilage can be 
visualized. Between the cricoid cartilage and the thyroid 
cartilage is the cricothyroid membrane, a landmark for both 
the trans- tracheal block and cricothyroidotomy. Slightly 
more superior to this plane are the vocal cords and the laryn-
geal inlet (Fig. 26). Vocal cord abnormalities (unilateral or 
complete paralysis of vocal folds) can be detected if the 
patient is asked to phonate. As the transducer is moved to 
the lower mandibular recess, the hyoid bone and its cornua 
can be visualized on both sides. The cornu of the hyoid bone 
is the landmark for the superior laryngeal block. The trans-
ducer can also be placed in a parasagittal view (Fig. 27) to 
visualize all the tracheal, cricoid, and thyroid cartilages as 
well as the cricothyroid membrane and the hyoid bone in the 
same view (Fig. 28).
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Fig. 24 Transverse scan of neck

Fig. 25 Transverse view of left of midline: esophagus (purple circle), 
trachea, and thyroid

Fig. 26 Vocal cords

Fig. 27 Parasagittal scan of neck
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5.3  Clinical or Pathological Interpretation 
and Medical Decision Making

Airway ultrasound may potentially be useful to detect 
esophageal placement of endotracheal tube although better 
and faster methods should be employed (capnography, 
compliance, condensation of clear endotracheal tube, and 
peak airway pressures). Airway ultrasound could assist in 
identifying cricothyroid membranes, inter-tracheal mem-
branes, or hyoid bone and could contribute to the current 
difficult airway algorithm. Lastly, airway ultrasound can 
potentially assist in identifying vocal cord dysfunction or 
paralysis caused by injury to recurrent laryngeal nerve if 
fiberoptic guidance or topicalization techniques are not 
available.
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Ultrasound for Abdomen and FAST: 
Evaluation and Diagnosis

Christopher L. Moore, Jacob Avila, and John W. Combs

1  Introduction

Non-traumatic abdominal pain accounts for 7–10% of all 
emergency department (ED) patients [1]. However, this does 
not mean that traumatic abdominal pain is insignificant in the 
emergency setting. In fact, there are an estimated 38 million 
ED visits for trauma, and it is the leading cause of death in 
persons younger than 45 years of age [2]. As common pre-
sentations of abdominal pathology range from benign to life- 
threatening, point-of-care ultrasound (POCUS) is an 
invaluable tool in the initial evaluation of both traumatic and 
non-traumatic abdominal pain. In this chapter, we seek to 
outline some of the major pathologies that ultrasound is 
effective in detecting in both non-traumatic and traumatic 
abdominal pain.

2  Sonographic Evaluation of the Aorta

2.1  Aortic Aneurysm

An aortic aneurysm (AA) is defined as an abnormal dilation 
of the three layers of the aorta [3]. The symptoms, presenta-
tion, and treatments vary depending on the location and size 
of the aneurysm [3]. In the United States, there are approxi-
mately 11,000 cases of ruptured aortic aneurysms per year, 
with an overall mortality of 80%–95%. Earlier diagnosis has 

been associated with a dramatic decrease in the mortality 
rate [4]. The most commonly used gold standard for diagno-
sis is a Computed Tomography (CT) angiogram, but it has its 
limitations [5]. Namely, it is not a bedside test that can be 
performed in hemodynamically unstable patients, it requires 
intravenous (IV) access, and exposure to IV contrast and 
radiation. The patient’s history can be unreliable, with some 
studies indicating that only 5% of patients with AA’s will 
have symptoms prior to when a complication occurs, such as 
aortic rupture [6]. The physical exam is notoriously unreli-
able as well. The classic triad of hypotension, abdominal 
pain, and a pulsatile abdominal mass is present in less than 
50% of patients with a ruptured AA [7]. The sensitivity of the 
physical exam for the detection of unruptured AA is only 
50–65% [4]. Ultrasound does not have the limitations of a 
CT angiogram and has been found to be an accurate bedside 
modality for the diagnosis of AA.

2.2  Ultrasound Diagnosis of Aortic 
Aneurysm

Thoracic AA’s can be identified using bedside echo. While 
abdominal AA’s are more common in the infrarenal loca-
tion, the entire abdominal aorta should be evaluated from 
the subxiphoid area down to its division into the iliac arter-
ies [8]. In order to perform this examination, the curvilin-
ear probe is preferred, but the phased array transducer can 
also be used. The probe should initially be placed in the 
subxiphoid area in a transverse cut with the probe marker 
facing towards the patients right. The aorta is identified 
superficial to and slightly left of the vertebral body (Fig. 1). 
An abdominal AA is defined as an aorta with a diameter 
from outer wall to outer wall greater than 3 cm (Fig. 2) [9]. 
Care must be taken to measure the entire abdominal aorta 
in short axis in order to avoid missing a saccular aneurysm, 
which is present in approximately 25% of all abdominal 
AA’s [6]. In a meta- analysis of 11 studies that included 
944 patients, bedside ultrasound was found to have a 
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pooled sensitivity of 97.5% and a pooled specificity of 
98.9% for abdominal AA [7].

2.3  Aortic Dissection

Aortic dissection (AD) is a disease with a poor prognosis. 
Around 40% of patients with acute AD die immediately, and 
have been reported to have a 1% per hour increased mortality 
rate if they survive the initial insult [3]. While most patients 
with this disease will present with a sudden onset of severe 
pain in the chest, abdomen, flank or back, these symptoms 
can be non-specific [3]. Additionally, 8–15% of patients with 
AD will present without any pain [10]. Physical exam 
derangements are seen in <50% of patients with Acute AD 
[11]. CT angiogram is considered the gold standard, but has 
the same limitations as previously discussed. The findings on 

chest x-ray (CXR) are non-specific, and may be normal in 
12–18% of patients with AD [12].

2.4  Ultrasound Diagnosis of Aortic 
Dissection

The same windows that can be used for the identification of 
an abdominal AA should be used for an abdominal AD. Care 
must be taken to evaluate for a mobile flap within the lumen 
of the aorta, which would diagnose a dissection. (Figs. 3 and 
4). Transabdominal bedside ultrasound has been found to 
have a sensitivity of 70%–80% and a specificity of 100% [6].

2.5  Conclusion

Bedside ultrasound is an invaluable tool when evaluating 
your patient for aortic emergencies. One must keep in mind 

Fig. 1 This is a transverse view of the abdominal aorta. The vertebral 
body is deep to the aorta and the IVC is to the patient’s right

Fig. 2 An image of an abdominal aortic aneurysm. Note that the 
sonographer measures the diameter from outer wall to outer wall, and 
does not measure the much smaller intraluminal diameter

Fig. 3 A transverse image of an abdominal aortic dissection at the level 
of the splenic vein. Note the echogenic intraluminal flap which is diag-
nostic of dissection

Fig. 4 A longitudinal image of an abdominal aortic dissection, the 
intraluminal flap is prominently shown here
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that the utility of ultrasound lies in the ability to adequately 
identify the aorta. Multiple studies have evaluated the fre-
quency of obtaining adequate views of the aorta, and the rate 
of inadequate views of the aorta range from 0% to 52% of the 
time [13, 14].

3  Sonographic Evaluation 
of the Gallbldder

3.1  Using Ultrasound to Evaluate 
Gallbladder Disease

Abdominal pain is a common complaint among patients in 
the ED [1]. Gallbladder disease affects over 20 million 
Americans per year and accounts for 3–11% of all hospital 
admissions [15, 16]. Both right upper quadrant (RUQ) pain 
and epigastric pain are indications to perform a point-of-care 
ultrasound (POCUS) to evaluate the gallbladder and biliary 
system. When evaluating the gallbladder, the clinician should 
seek to identify gallstones, signs of cholecystitis, and the 
presence of biliary obstruction. Any of these findings war-
rants further investigation; the correct treatment can often be 
determined by the initial ultrasound. A quick bedside ultra-
sound can be used to help diagnose cholelithiasis, cholecys-
titis, choledocholithiasis, and cholangitis, particularly when 
taking into account the clinical presentation of the patient.

Whereas the curvilinear transducer is the ideal probe to 
image the gallbladder and biliary system, the phased array 
transducer may be used as well. These low-frequency probes 
can image structures at the depth necessary to visualize the 
gallbladder. Though the gallbladder may be positioned ante-
riorly it is often located beneath fatty tissue in the abdomen, 
making a low-frequency probe optimal. With the patient in 
the supine position, the clinician places the ultrasound probe 
in the RUQ to image the gallbladder. Several strategies can 
be used to find the gallbladder; success with any of these 
strategies can vary based on patient anatomy. A normal gall-
bladder will have a thin hyperechoic wall, will appear near 
the caudal tip of the liver, and will be filled with simple 
anechoic fluid (Fig. 5).

3.2  Technique for Gallbladder POCUS

In the subcostal approach, the clinician places the probe in a 
transverse orientation just beneath the rib margin on the right 
side. Alternatively, the probe can be placed in the coronal 
plane, similar to performing a RUQ view on an E-FAST. With 
the probe in the coronal orientation, a quick fanning motion 
will often reveal the gallbladder (as well as the IVC). A clini-
cian may also try the “X-7” approach, the name of which 
references the placement of the probe 7 centimeters to the 

right of the patient’s xiphoid process. This location will be 
between two ribs. Thus, a twisting or rotating motion to aim 
the plane of the ultrasound between these ribs is often help-
ful. If finding the gallbladder still proves to be difficult, it 
may be helpful to have the patient lay in the left lateral decu-
bitus position. Another maneuver is to have the patient take a 
deep breath and hold it for as long as possible. Both of these 
techniques help to bring the gallbladder out from underneath 
the ribcage. Since the liver is highly vascular, a clinician may 
make use of color Doppler to differentiate the gallbladder 
from a blood vessel. If blood flow is seen after placing the 
color Doppler window over the anechoic structure of inter-
est, then that structure is likely to be a blood vessel (Fig. 6).

3.3  Ultrasound Diagnosis of Biliary 
Pathology

There are many pathophysiologic processes that may alter 
the normal anatomy of the gallbladder or biliary tree. These 
can be found and interpreted with a POCUS of the biliary 
system. There is evidence that an initial POCUS of the gall-
bladder has a 96% sensitivity for identifying the presence of 
gallstones [17]. Another study found that initial POCUS has 
a high sensitivity (88%) as well as a high specificity (87%) 
for finding the presence of gallstones [18]. In fact, one study 
demonstrated that patients who had their gallbladder evalu-
ated by POCUS and did not receive follow up imaging had a 
shorter LOS by over 2 hours [16]. Other studies have also 
shown decreases in patient LOS in the ED when emergency 
physicians make use of POCUS [19]. The evidence support-
ing the use of advanced imaging as a follow up after initial 
gallbladder POCUS is lacking. CT has been shown to pro-
vide no further diagnostic information about the pathology 
of the biliary system after initial gallbladder POCUS [20]. In 

Fig. 5 An image of a normal gallbladder. This image is known as the 
“exclamation point” sign—with the portal triad making the point of the 
exclamation mark
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fact, an initial screening POCUS may be optimal for all 
patients who may possibly have gallstones, as up to 39% of 
patients who present to the ED with isolated acute non- 
traumatic epigastric pain and tenderness are found to have a 
symptomatic gallstone on POCUS [21].

Cholelithiasis may be identified by the presence of a 
hyperechoic rim within the gallbladder with posterior acous-
tic shadowing deep to it. A gallstone is a highly absorptive 
surface for sound waves, and thus the anterior surface of the 
gallstones will be visible, but deep to the stones there will be 
an acoustic “shadow”. This shadow represents complete loss 
of signal distal to the surface of the gallstones as sound 
waves cannot penetrate through the stone (Fig.  7) [22]. A 
wall-echo-shadow (WES) sign may occur when a gallblad-
der is completely contracted against gallstones (Fig.  8). 
Sometimes, biliary sludge may be seen within the gallblad-

der as well. This appears as an echogenic layer within the 
gallbladder lumen without shadowing. Biliary sludge often 
occurs in critically ill patients and may be a precursor to gall-
stones (Fig. 9).

Cholecystitis may also be seen using POCUS. There are 
several sonographic findings that are associated with the 
diagnosis of cholecystitis (Fig. 10). Classically, a patient will 
have sonographic Murphy’s sign, which is abdominal ten-
derness when the sonographer visualizes the gallbladder and 
presses on the abdominal wall at that location [23]. Another 
finding is the presence of gallbladder wall thickening, as an 
edematous gallbladder wall may indicate inflammation. The 
measurement is taken across the anterior edge of the gall-
bladder in the transverse plane. A normal measurement is 
3 mm or less, while a measurement of greater than 3 mm 
suggests the presence of gallbladder wall edema (and in the 
correct clinical setting, cholecystitis). Pericholecystic fluid 
can be seen as a hypoechoic rim of fluid surrounding the 
gallbladder representing edema of the gallbladder as well as 

Fig. 6 An image of a normal gallbladder. Note the lack of flow on color 
Doppler. The bile duct is seen deep to the gallbladder, the bile duct also 
has a lack of flow on color Doppler

Fig. 7 An image of a gallbladder with a prominent intraluminal gall-
stone with posterior acoustic shadowing

Fig. 8 A gallbladder with a gallstone occupying the entire lumen, 
showing a classic Wall-Echo-Shadow (WES) sign. Note the IVC deep 
to these structures

Fig. 9 A gallbladder showing sludge layering in the dependent portion 
of the lumen
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the fossa in which it lies; this finding is suggestive of the 
presence of cholecystitis. Emphysematous cholecystitis will 
have similar findings as above, but will also display hyper-
echoic foci of air with “dirty shadowing” or comet tail arti-
fact created by the presence of gas within the wall of the 
gallbladder.

There are other findings associated with biliary pathology 
as well. The common bile duct (CBD) should be measured to 
investigate the possibility of choledocholithiasis. A stone 
within the CBD causes an obstruction of flow, and thus the 
CBD more proximal to the obstruction will dilate. The CBD 
can be found in the transverse or longitudinal axis. In the 
transverse axis, the CBD will be found as a part of the portal 
triad, which contains the CBD, portal vein, as well as the 
hepatic artery. These 3 structures appear circular in the trans-
verse plane, and are often referred to as the “Mickey Mouse 
sign” (Fig. 11). By utilizing color Doppler, the CBD may be 
distinguished from the 2 blood vessels as it is the only struc-
ture without measurable Doppler flow. In the longitudinal 

plane, the CBD will appear to run right next to the portal vein 
(Fig. 12). The CBD may be measured in either of these ori-
entations perpendicularly from inner wall to inner wall, and 
should be less than 2–3 mm in a young patient. In a patient 
who has had a cholecystectomy, a measurement of up to 
1 cm may be normal. The CBD is traditionally thought to 
dilate with age, adding about a millimeter per decade over 
the age of 40, but recent evidence does not reliably demon-
strate this phenomenon [24].

3.4  Pitfalls in Sonographic Evaluation 
of Gallbladder Disease

A common pitfall for novice sonographers is misidentifying 
the duodenum as the gallbladder. The duodenum is a  partially 
retroperitoneal organ that lies near the liver, and can be seen 
as a round structure in a similar location to the gallbladder. 
Fortunately, the appearance of the duodenum is significantly 
different than the gallbladder, and with training, a sonogra-
pher can easily avoid becoming confused. The duodenum 
displays peristalsis, has a hypoechoic outer wall, and does 
not attach to the main lobar fissure (MLF) or sonographic 
cystic pedicle (SCP) (Fig. 5).

4  Sonographic Evaluation 
of the Kidneys

4.1  Kidney Stone Disease

There are more than one million ED visits every year due to 
kidney stone disease in the United States and the prevalence 

Fig. 10 A gallbladder with a thickened wall and with pericholecystic 
fluid, these findings are associated with cholecystitis

Fig. 11 An image of the “Mickey Mouse” sign, which shows the three 
components of the portal triad—the portal vein, the common hepatic 
artery, and the common bile duct. The gallbladder is seen more superfi-
cial to the portal triad in this image

Fig. 12 An image of the portal triad utilizing color Doppler. Note that 
the common bile duct does not demonstrate flow on color Doppler
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of kidney stones in the general population has been increas-
ing since the early 1990’s [25, 26]. An initial point-of-care 
ultrasound (POCUS) assessment of the kidneys is associated 
with quicker disposition times and decreased radiation expo-
sure when compared to initial CT, but is not associated with 
an increased risk of adverse patient outcomes [27, 28]. In 
fact, there is evidence that when ultrasound is used as the 
initial imaging study in suspected ureterolithiasis, follow up 
imaging studies (such as CT) are only performed in 20% of 
cases [29]. These factors make a POCUS the ideal first-line 
method to evaluate patients with a suspected kidney stone.

When indicated, the clinician performs a POCUS of the 
kidneys to look for hydronephrosis to confirm the presence 
of ureteral obstruction, not necessarily to find the stone 
itself [30]. The most common indications for performing a 
POCUS of the kidneys are flank pain and hematuria. On 
some occasions a stone may be seen in the ureter, but this is 
not required to make the diagnosis of ureterolithiasis in the 
correct clinical setting. POCUS of the kidneys performed 
by an emergency clinician has been shown to have a sensi-
tivity of 72.6% and specificity of 73.3% when assessing for 
hydronephrosis (when hydronephrosis is confirmed by CT 
scan) [31]. This sensitivity improves to 92.7% when the 
POCUS is performed by an ultrasound fellowship trained 
emergency physician. Using POCUS may add diagnostic 
value to a clinical prediction rule that does not incorporate 
ultrasound, in particular in patients with a moderate prob-
ability of kidney stone [32].

4.2  Technique for POCUS of Kidneys

To perform a POCUS assessment of the kidneys, a curvilin-
ear or phased array transducer is recommended, as the kid-
neys are retroperitoneal structures and best imaged with a 
lower frequency probe. With the patient in the supine posi-
tion, the clinician should place the ultrasound probe on the 
patient’s mid to posterior-axillary line with the probe indica-
tor directed towards the patient’s head to obtain a coronal 
image of the right upper quadrant (RUQ), in the same loca-
tion one would place the probe to evaluate the RUQ in an 
E-FAST. The renal architecture should come in to view. A 
normal kidney is surrounded by the hyperechoic Gerota’s 
fascia, has a hypoechoic cortex, and has a hyperechoic inter-
nal renal pelvis (Fig. 13). The ureter is not visible in a normal 
kidney but may be visible in the presence of hydroureter. The 
clinician should ideally fan through the kidney in this plane 
as well as the transverse plane to see the whole architecture 
of the kidney in three dimensions although a single plane 
may be adequate. The kidney on the left side should be eval-
uated in a similar fashion; it is pertinent to remember that the 
left kidney is generally more superior and posterior than the 
right. If rib shadows are blocking the view of the kidney, a 

twisting motion forward (like the handle of a motorcycle) 
will aim the imaging plane of the ultrasound between the 
ribs.

4.3  Using Ultrasound to Evaluate Kidney 
Stone Disease

Hydronephrosis occurs when the outflow to the ureter is 
blocked, causing the urine to back up into the renal calyces 
and pelvis. Although ureterolithiasis is a common cause of 
hydronephrosis, other processes can cause obstruction of uri-
nary outflow, such as extrinsic compression of the urinary 
tract by a tumor [33]. Hydronephrosis is a dynamic process 
and may develop and resolve relatively quickly (on the order 
of minutes to hours) [34]. Hydronephrosis is diagnosed by 
seeing the presence of anechoic fluid within the renal collect-
ing system. This will form a characteristic pattern of dilated 
calyces draining into a dilated renal pelvis (Fig. 14) [35]. As 
mentioned, hydronephrosis is an indirect sign of ureteral 
blockage, typically from a kidney stone, and it may be diffi-
cult to see a stone if it is in the retroperitoneum and obscured 

Fig. 13 The normal appearance of the kidney in the RUQ. Note the 
echogenic renal pelvis inside of the renal cortex

Fig. 14 An image of moderate hydronephrosis with a dilated renal 
pelvis
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by bowel, though in some cases the stone may be visualized 
(Fig. 15) [30]. If the ureter is visible, it may be tracked infe-
riorly to try to identify a stone. The stone will be hyperechoic 
and will typically project a shadow artifact behind it. In addi-
tion, 2D and color Doppler of the bladder may be performed 
to support the diagnosis of kidney stone. A stone may be 
visible at the ureterovesicular junction (UVJ) in 2D imaging. 
When performing color Doppler of the bladder, a ureter that 
is obstructed would have reduced or no flow of urine into the 
bladder compared to a ureter that is not.

Hydronephrosis is typically measured qualitatively into 3 
broad categories: mild, moderate, and severe. Mild hydrone-
phrosis involves only the renal pelvis (Fig.  16), whereas 
moderate hydronephrosis involves dilated renal calyces as 
well (Fig.  14). Severe hydronephrosis causes distortion of 
the renal architecture with parenchymal thinning of the cor-
tex (Fig.  17). Moderate or severe hydro are fairly easily 
 identified by clinicians with basic training in POCUS, while 
correctly identifying mild hydro and differentiating from 
renal vasculature can sometimes be challenging [36]. Color 

Doppler may be used to identify vasculature as opposed to 
the collecting system which should not show flow [35].

There are many different findings that may be associated 
with a kidney stone other than hydronephrosis. 
Complications such as calyceal rupture may be seen as 
perinephric fluid on POCUS, but will not track into 
Morison’s pouch (Fig. 18). A stone at the UVJ may be seen 
using color Doppler demonstrating a characteristic “twin-
kle artifact” (Fig. 19) [32].

4.4  Pitfalls in Sonographic Evaluation 
of Kidney Stone Disease

A pitfall that novice sonographers can make is to mistakenly 
misidentify renal cysts as hydronephrosis [37]. This pitfall 
can be avoided by only considering the anechoic fluid within 
the renal pelvis that tracks into the calyces as a true represen-
tation of hydronephrosis. A renal cyst should be circular and 
encapsulated with a thin rim. (Fig. 20).

Fig. 15 Example of a stone within the renal collecting system. Note 
the acoustic shadowing posterior to the stone. This image also demon-
strates mild hydronephrosis

Fig. 16 Mild hydronephrosis. Note the mild dilation of the ureter and 
renal pelvis

Fig. 17 Severe hydronephrosis. Note the complete obliteration of the 
renal architecture

Fig. 18 An image of hydronephrosis with calyceal rupture. Note the 
free fluid contained within Gerota’s Fascia
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When correctly used, POCUS of the kidney can help cor-
rectly identify renal colic, potentially expediting care and 
decreasing inappropriate CT use.

5  The Fast Exam

5.1  Background

Traumatic injuries are common and range from minor to life- 
threatening. Determining which ones need surgical interven-
tion is of utmost importance since the time to the operating 
room (OR) has been correlated with patient outcomes [38]. 
Earlier in the twentieth century diagnostic peritoneal lavage 
(DPL) was used to relatively rapidly determine if there was 
intraperitoneal hemorrhage [39]. DPL has fallen out of favor 
due to its invasiveness and lack of specificity. Computed 
tomography (CT), with its increased speed and accuracy, has 
become a key diagnostic test in trauma. However, CT has its 
limitations in an acute trauma setting, particularly in an 

unstable patient. As a rapid, non-invasive, repeatable bedside 
study without ionizing radiation, ultrasound represents the 
best initial imaging modality in the trauma patient.

The sonographic assessment of patients with trauma was 
first introduced in the 1970’s and a standardized assessment, 
the Focused Assessment of Sonography in Trauma, or the 
FAST exam, was first coined in 1995 [40, 41]. This exam 
included the evaluation of the peritoneum for hemorrhage 
and the heart for hemopericardium. The Extended FAST 
exam, or EFAST, was subsequently coined and includes the 
evaluation for a pneumothorax and hemothorax [42]. Many 
studies have been published that evaluate the accuracy of the 
EFAST exam, and in 2018 a Cochrane review was published 
that included 34 studies with 8635 adult and pediatric 
patients and reported a pooled specificity of 96%, and a 
pooled sensitivity of 74% [43].

The EFAST examination seeks to identify four different 
traumatic pathologies: pneumothorax, hemothorax, hemo-
pericardium and hemoperitoneum. This fact is important to 
keep in mind, since the accuracy for ultrasound for each of 
the separate disease entities varies.

5.2  Ultrasound Accuracy 
in Hemoperitoneum

While it is still more accurate than any other current bedside 
test, the disease in which ultrasound has the lowest accuracy 
is in the evaluation of hemoperitoneum [43]. This is likely 
due to two factors, the first of which is a common limitation 
with any ultrasound application: user experience. Novice 
bedside sonographers are not as accurate as experienced 
sonographers [44]. The number of abdominal FAST exami-
nations suggested to reach competence generally ranges 
from 30–50 scans [44–46]. The second factor is that there is 
a certain amount of fluid that must accumulate before the 
ultrasound can reliably identify it. If the patient receives a 
bedside ultrasound in the hyper-acute phase of trauma, it is 
possible that not enough fluid has yet accumulated to iden-
tify it on ultrasound. The minimum amount of hemorrhage 
that must be present in the peritoneum before ultrasound can 
reliably pick it up varies from 50–650  cc’s [47–52]. This 
value depends on where the fluid will accumulate first (pel-
vis vs right upper quadrant vs left upper quadrant), how the 
patient is positioned (Trendelenburg vs reverse 
Trendelenburg), and operator training.

5.3  Ultrasound Accuracy 
in Hemopericardium

The incidence of hemopericardium due to blunt trauma is 
rare [53]. Press et al. did a chart review at a single institution 

Fig. 19 A kidney stone seen at the UVJ just posterior to the bladder. 
This color Doppler signal is known as the twinkle artifact

Fig. 20 A simple renal cyst, not to be confused with hydronephrosis
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over an 8.5 year period that included 29,236 blunt trauma 
patients and found the prevalence of clinically significant 
hemopericardium was 0.06% [54]. However, when detected, 
ultrasound has very favorable test characteristics for its diag-
nosis. When hemopericardium is present, especially in pen-
etrating trauma, its sensitivity and specificity have been 
reported to be as high as 100% [55–57]. Additionally, its use 
in penetrating cardiac trauma has been shown to increase 
survival from 57.1% to 100% [57].

5.4  Ultrasound Accuracy in Pneumothorax

Traditionally, auscultation and chest x-ray (CXR) have been 
the preferred bedside modalities for diagnosing and exclud-
ing pneumothorax (PTX). However, their diagnostic perfor-
mance is not ideal. For example, auscultation sensitivity for 
a PTX ranges from 50–58% [59, 60]. While CXR does have 
acceptable specificity, its sensitivity is woefully inadequate, 
with a reported pooled sensitivity of 46% [61]. The sono-
graphic evaluation for a PTX has been demonstrated to have 
equivalent specificities, but much improved sensitivities 
compared to CXR, with a pooled sensitivity of 87% [61].

5.5  Ultrasound Accuracy in Hemothorax

As is the case for pneumothorax, auscultation and CXR 
are often considered the preferred bedside tests for the 
diagnosis or exclusion of a hemothorax. However, when 
trauma patients are being evaluated, they often are in the 
supine position, which is the position least amenable to 
correct diagnosis by CXR [62]. A meta-analysis of 12 
studies evaluating for hemothorax found CXR to have a 
pooled sensitivity of 54%, while ultrasound had a pooled 
sensitivity of 67% [63]. Although not as impressive as the 
numbers seen in the sonographic assessment of pneumo-
thorax and hemothorax, ultrasound has been shown to be 
highly accurate in the detection of hemothorax [63]. The 
same limitation that we see in the evaluation of hemoperi-
toneum exists when using ultrasound to detect hemotho-
rax. Namely, that there is a certain amount of fluid that 
must accumulate before it can be consistently identified 
on ultrasound.

5.6  EFAST Exam for Penetrating vs Blunt 
Thoracoabdominal Trauma

While most of the data pertaining to the EFAST exam 
includes blunt trauma patients, there is ample data that shows 
similar results and implications for penetrating trauma [2, 
58, 64, 65].

5.7  How to Perform the EFAST Exam

5.7.1  Evaluation of Hemoperitoneum
The curvilinear transducer is the preferred transducer in the 
evaluation for hemoperitoneum due to its higher resolution 
and large window. If a curvilinear transducer is not available, 
a phased-array transducer may be used. The abdominal 
assessment includes 3 windows: the right upper quadrant 
(RUQ), pelvis, and the left upper quadrant (LUQ). With 
regards to where to begin, the identification of hemoperito-
neum may be considered to be a binary exam. This means 
there are two options: either there is free fluid or there isn’t 
free fluid. In order to most efficiently and quickly identify 
the presence of free fluid, one should consider starting in the 
area in which abdominal free fluid is mostly likely to accu-
mulate, followed by the second most likely place fluid would 
accumulate, etc. The most common location for an EFAST 
exam to be positive is in the RUQ, so this would be the most 
advantageous place to start [66]. The next most common 
place is in the pelvis, and the least common place to pick up 
isolated free fluid is the LUQ [66].

5.7.2  RUQ Evaluation
The transducer should be placed in the mid to anterior axil-
lary line near the T4-T6 area with the probe marker facing in 
the cephalad position in a coronal plane. The ultrasound is a 
2-D imaging modality that is examining a 3-D structure, so 
full sweeps of the area should be performed. Free fluid will 
appear hypoechoic on ultrasound and typically accumulates 
in specific areas. The most common place for fluid to first 
accumulate is the interface between the caudal tip of the liver 
and the inferior pole of the kidney (Fig. 21). The next most 
common locations for fluid to accumulate are the interface 

Fig. 21 An image of free fluid at the caudal tip of the liver, near the 
inferior pole of the kidney
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between the kidney and the liver (Morrison’s pouch) 
(Fig. 22), followed by the suprahepatic region [66], (Fig. 23).

5.7.3  Pelvic Evaluation
The transducer should be placed in the suprapubic region 
just cephalad to the pubic symphysis, with the probe 
marker facing cephalad and in a sagittal orientation. Free 
fluid will accumulate just superior and posterior to the 
bladder in males, and between the uterus and bladder or 
posterior to the uterus in females, depending on the pres-
ence of either an anteverted or retroverted uterus (Figs. 24 
and 25) [66]. A diligent and full sweep from one side of the 
pelvis to the other is necessary and if desired, a transverse 
view can also be obtained of the same area. Of note, a full 
bladder is necessary for the most accurate evaluation of the 
pelvis as the bladder functions as an acoustic window for 
the sonographic beams to reach the most dependent por-
tions of the peritoneum. A decompressed bladder allows 
the intestines to fill the area, causing the air in them to 

inhibit the sound waves from reaching the area to be 
evaluated.

5.7.4  LUQ Evaluation
The LUQ is not a mirror image of the RUQ and as such, fluid 
has a propensity to accumulate in different areas. In most 
patients, the spleen is a smaller organ than the liver, so the 
window that can be used is often smaller in the LUQ. The 
probe should be placed in a similar orientation and location as 
the RUQ, save for the fact that it should be placed more 
towards the posterior axillary line and often a rib space or two 
higher than the typical location on the RUQ. The most com-
mon location for fluid to accumulate in the LUQ is the supra-
splenic region (Fig. 26), followed by the spleno-renal interface 
(Fig. 27), followed by the interface between the caudal edge 
of the liver and the superior right paracolic gutter [66].

Fig. 22 Free fluid within Morrison’s pouch

Fig. 23 Free fluid in the suprahepatic region

Fig. 24 Free fluid seen just posterior to the uterus in the pouch of 
Douglas (female)

Fig. 25 Free fluid seen in the rectovesicular pouch. The presence of a 
prostate indicates this patient is a male
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5.7.5  Hemopericardium Assessment
The curvilinear transducer, while the preferred transducer 
for evaluation of hemoperitoneum, may not be the best in the 
evaluation of hemopericardium. The phased-array transducer 
is often the preferred transducer for echocardiography. The 
most common view used to evaluate the pericardium is the 
subxiphoid view. The phased-array transducer should be 
placed in the subxiphoid area with the probe marker facing 
towards the patients left. Care must be taken to make sure 
that the transducer is placed underneath the xiphoid in order 
for the sound beam to reach the pericardium. 
Hemopericardium is visualized as a rim of hypoechoic fluid 
surrounding the heart (Fig. 28). Fluid preferentially accumu-
lates around the right side of the heart due to the lower pres-
sure of that side of the heart [67]. Echocardiographic 
tamponade can be identified by visualizing diastolic cham-
ber collapse in the setting of a pericardial effusion. The first 
chamber to demonstrate diastolic chamber collapse is the 
right atrium (RA), followed by the right ventricle (RV), fol-
lowed by the left side of the heart [68]. If the patient is in 
shock and a pericardial effusion is visualized, the IVC should 

also be evaluated. The IVC is a surrogate marker of the CVP, 
which if elevated, can help solidify the diagnosis of trau-
matic tamponade [69]. If a subxiphoid view of the heart is 
unable to be visualized, a parasternal or apical view can also 
be used.

5.7.6  Hemothorax Assessment
The evaluation of the hemothorax is performed in a very 
similar location to the RUQ and LUQ windows of the perito-
neum. However, instead of focusing on the area below the 
diaphragm, focus should be placed above the diaphragm. 
The probe should be placed in the mid to posterior axillary 
line in a coronal plane with the probe marker facing cepha-
lad, usually centered around the T4 area. Under normal cir-
cumstances there are two artifacts that one should be aware 
of to rule out a hemothorax: The spine and mirror signs. The 
mirror sign occurs when a fluid filled structure (i.e., the liver) 
is in contact with an air filled structure (i.e., the lungs) [22]. 
When this interface occurs, a mirror artifact of the fluid filled 
structure is created where the air-filled structure is located. In 
the setting of an air-filled thorax, there will be a mirror image 
artifact of the liver or spleen seen above the diaphragm. This 
helps exclude a hemothorax. The next sign one should evalu-
ate is the presence or absence of a spine sign. The spine can 
easily be seen when the liver or spleen is used as an acoustic 
window. Air blocks sounds waves, and when there is no 
pleural effusion, the sound waves cannot reach the vertebral 
bodies superior to the liver/spleen and posterior to the lung. 
This causes the spine to disappear once the diaphragm starts. 
(Fig. 29). A negative spine sign and a positive mirror sign 
rule out a pleural effusion, while a positive spine sign and a 
negative mirror sign rule one in (Fig. 30).

5.7.7  Pneumothorax Assessment
The preferred transducer for the sonographic assessment of a 
pneumothorax is the linear transducer due to its superior 

Fig. 26 Free fluid in the suprasplenic region

Fig. 27 Free fluid in the splenorenal interface

Fig. 28 This subxiphoid image of the heart shows a pericardial 
effusion
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resolution of superficial structures. However, the curvilinear 
transducer can also be used if the depth is shallow and the 
image is under-gained. The transducer should be placed in 
the sagittal orientation on the anterior chest wall along the 
mid-clavicular line in the location that is most anterior on the 
patient. In a supine patient, this location is often rib spaces 
6–8, while in a semi-recumbent patient, that location may be 
right under the clavicle, at rib spaces 2–3 [70]. The pleural 
line is seen as a hyperechoic line just underneath the ribs, 
which are themselves seen in the transverse orientation. 
(Fig. 31). The area that must be diligently observed in real- 
time is the pleural line. The hyperechoic pleural line is 
always visible irrespective if there is a pneumothorax or not. 
In the evaluation of a pneumothorax one must identify slid-
ing of that pleural line with respiration. Lung sliding is the 

sonographic visualization of the visceral pleura moving rela-
tive to the parietal pleura. If sliding is visualized, a pneumo-
thorax can be excluded in that area. In the right clinical 
setting the absence of lung sliding could rule-in a pneumo-
thorax [71]. The reason why lung sliding is not always diag-
nostic of a pneumothorax is because there are other situations 
where lung sliding can be lost, such as a severe exacerbation 
obstructive airways disease, apnea and pleurodesis, among 
others [72]. If the absence of lung sliding is seen, an attempt 
should be made to look for a lung point, which is the place 
on the chest wall where the pneumothorax begins [71]. This 
finding is thought to be highly specific for a PTX [73].

6  Summary

The EFAST exam is an exam that looks for hemoperitoneum, 
hemothorax, PTX and the presence of a pericardial effusion. 
Most of the data is obtained with blunt trauma patients, but 
there is abundant literature supporting its use in penetrating 
truncal trauma as well [74].
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Practicality of Ultrasound in Emergency 
Medicine
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1  Introduction

Emergency, clinical point-of-care ultrasound performed, inter-
preted, and integrated into clinical care by emergency physi-
cians is a fundamental skill in the practice of emergency 
medicine. [1]

1.1  History

Ray Mayron was practicing emergency medicine (EM) in 
the mid-1980’s when he learned that the department of cardi-
ology at his hospital was discarding their aging ultrasound 
machine. His midwestern practicality led him to adopt the 
cast-off machine and repurpose it to diagnose cardiac tam-
ponade in the emergency department (ED). In 1988 he pub-
lished a case series on the topic and in doing so described 
one of the first uses of point-of-care ultrasound and the birth 
of emergency ultrasound (EUS) [2].

EM organizations quickly realized that ultrasound was a 
powerful tool when placed in the hands of the treating physi-
cian. In 1990 the American College of Emergency Physicians 
(ACEP) publicly endorsed physician-performed ultrasound. 
They were joined soon thereafter by the Society of Academic 
Emergency Medicine (SAEM) and together recommended 
incorporation into EM Graduate Medical Education [3]. By 
1991 ACEP had begun including ultrasound in its list of core 
content for EM training. In 1994 they had created ultrasound 
competency guidelines [4]. However by the late 90s and 

despite a decade worth of encouragement, few emergency 
physicians (EPs) had access to point-of-care ultrasound [5, 
6]. A major change occurred in May of 2001 when the 
Council of Emergency Medicine Residency Directors 
(CORD) issued a mandate: EM training programs must teach 
ultrasound and resident physicians must demonstrate ultra-
sound proficiency. The policy was necessary to overcome the 
political and financial arguments which had kept EUS from 
thriving [7, 8]. That same year, ACEP published the first 
guidelines on Emergency Ultrasound to provide a guide for 
training and administering Emergency Ultrasound programs. 
While there is still wide variability in the expertise, comfort, 
and use of ultrasound by EPs, this tool is now firmly 
entrenched in the training and scope of practice of EM.

1.2  Differentiating the Undifferentiated

Undifferentiated patients present to the ED acutely and may 
be unable to provide a meaningful history. EPs are taught to 
have a worst-first mentality to ensure critical diagnoses are 
not missed. EPs may not have the luxury of the patient stabil-
ity typically seen in a clinic setting. In fact, nowhere else in 
medicine is it necessary to diagnose, provide treatment, and 
disposition unfamiliar patients of all acuity levels within 
such a short time frame. Point-of-care ultrasound is, by its 
very nature, a pragmatic and practical tool. It is designed to 
offer immediate diagnostic, procedural, and therapeutic 
guidance and is an indispensable instrument in the practice 
of emergency medicine.

EUS is focused imaging performed by the EP to answer a 
specific clinical question. It is a focused diagnostic test that is 
distinct from the physical exam. In properly trained hands it 
has been shown to far exceed the diagnostic accuracy of many 
physical exam findings such as free fluid in the abdomen, val-
vular heart disease, central venous pressure, cardiac failure, 
pleural effusions, pericardial effusions, pneumonia, pneumo-
thorax, pulmonary edema, deep vein thrombosis (DVT), 
symptomatic biliary stones, abscesses, urinary  retention, and 
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retinal detachment among many others [1, 9, 10]. When 
patient present in extremis or with an ambiguous clinical pic-
ture, EUS often reveals the diagnosis and guides management 
decisions.

2  Equipment

Selecting equipment for an ED or other site where point-of- 
care ultrasound is performed requires an understanding of 
the needs and resources available. There is no single ultra-
sound device which works for every environment or meets 
every budget. When evaluating equipment, it is important not 
to start with evaluation of specific machines but rather the 
specific needs, uses, and budget of the facility. These will 
help tailor the search to devices relevant for the facility. 
Facilities which use ultrasound solely for vascular access 
have different equipment needs than those which routinely 
perform more advanced echocardiography.

Most EDs opt for a minimum of a phased array and linear 
probe. Phased array probes typically have a lower frequency 
which allows them to adequately image deeper structures 
and makes them suitable for a variety of exams such as echo-
cardiography, obstetrical, abdominal, and thoracic ultraso-
nography. Linear probes typically have higher frequency 
ranges which allow for higher resolution imaging but limit 
the depth which they can adequately image. Linear probes 
are routinely used for vascular access and nerve blocks as 
well as soft tissue, musculoskeletal, ocular, vascular, testicu-
lar, and thoracic ultrasound. Facilities may also use the cur-
vilinear, micro curvilinear, endocavitary, ultra-high 
frequency linear, and/or transesophageal probes depending 
on their clinical needs. Manufacturers typically offer a vari-
ety of software options for a given ultrasound model and this 
can affect the price and function of the machine widely. 
Some facilities have additional constraints, such as space, 
which create significant limitations on which devices can be 
used. In contrast to the machines used in radiology and car-
diology, ED devices generally run on battery power, have a 
smaller footprint and use more limited software packages. 
Understanding the facility’s goals for ultrasound over the 
next 5–10 years will help focus selection efforts to achieving 
those goals.

Evaluation of specific equipment often starts with prior 
experience, discussion with colleagues in similar environ-
ments, or exposure to equipment which is typically available 
for display at national meetings or in ultrasound courses. 
After a short list of devices has been compiled, discussion 
with manufacturer representatives to evaluate these in person 
is routine. Vendors typically bring devices and technical 
experts to the facility considering their products.. These are 
opportunities to familiarize yourself, your colleagues, and 
others within your facility with these devices. Prices are pro-

vided as part of a quote from the manufacturer. Quotes are 
routinely confidential and expire after a certain time frame, 
typically 30–90  days. Most manufacturers include a war-
ranty in the purchase price. While warranties vary among 
manufacturers, 5 years is a fairly standard. Warranties may 
be extended beyond the initial period, though these exten-
sions may be less cost effective than buying a new machine. 
While many devices continue to be useful beyond five-years, 
most have extensive wear-and-tear and lack the novel fea-
tures of the newer machines.

Cost is an important factor faced by every facility when 
selecting ultrasound devices. The most expensive device is 
not necessarily the best device for a facility. However, pur-
chasing a device which meets current, but not future, goals of 
a facility may result in premature replacement of equipment 
with increased total costs in the long term. Manufacturers 
often will provide discounts for trading in old units and many 
include discounts for purchasing multiple devices. 
Refurbished devices are also available, typically from third 
party sellers rather than from equipment manufacturers.

3  Administrative Issues

3.1  Training & Credentialing

Ultrasound training varies by medical specialty and evolves 
with time. EM organizations have provided guidelines for 
EUS training since 2001 [11] which are regularly updated to 
reflect contemporary research as well as new techniques and 
studies. EUS is considered a procedure or focused diagnostic 
test. The EP uses ultrasound technology to acquire images, 
interpret the findings in the context of the patient, and inte-
grate those findings into the clinical management of acute or 
critical medical conditions [12, 13].

Ultrasound technology and clinical guidelines have 
evolved rapidly over a relatively short period of time. As 
such, there is a spectrum of ultrasound practice and with 
prior formal training among ABEM certified EPs. Some have 
advanced skills, utilizing a broad range of ultrasound appli-
cations, while others have a more limited skillset. Regardless 
of the breadth of ultrasound usage, four key elements of 
competency must be ensured: an understanding of the indi-
cations and limitations of EUS, a knowledge of ultrasound 
physics and the ability to incorporate those principles into 
image acquisition, an understanding of and ability to inter-
pret normal anatomy and pathology, and the ability to effec-
tively integrate this information into the clinical care of the 
patient [12].

There are two pathways to obtaining training in EUS. The 
more common track is through completion of an Accreditation 
Council for Graduate Medical Education (ACGME) 
approved EM program and Board Certification in Emergency 
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Medicine by the American Board of Emergency Medicine 
(ABEM) [12]. EM as a specialty first published ultrasound 
competency guidelines in 1994 (Mateer) and training guide-
lines in 1997. Since 2001, demonstration of ultrasound pro-
ficiency has been a mandatory requirement for residency 
completion.

The second pathway is practice based and geared towards 
those EPs who completed their residency prior to the man-
date for EUS education. This pathway typically requires 
introductory training with both lecture and practical sessions 
followed by ongoing education focused on training in one or 
two clinical applications until the EP attains competency in 
the core applications of EUS [13]. Some facilities with well- 
developed EUS education programs offer preceptorships to 
help facilitate this process [12]. As with all training, ongoing 
education through continued medical education, quality 
assurance, and timely feedback ensure that competency is 
maintained and skills are honed [12]. Fellowship Training in 
EUS is not required for the clinical use of EUS. EUS fellow-
ships are designed to develop and apply advanced studies, 
provide education on program management, mentor those 
pursuing ultrasound research, and develop the fellow as an 
ultrasound educator [12].

Credentialing of a physician and granting privileges for 
procedures is required by the Joint Commission which 
accredits hospitals. In historical terms, it is the hospital’s 
agreement that a physician is competent to provide a given 
service or perform a given procedure [13]. Commonly there 
are underlying political controversies between specialties 
and within a hospital. Often the specialty which first utilizes 
a technology asserts ownership of that technology. Traditional 
imaging specialties can create hurdles to credentialing in 
point-of-care ultrasound (POCUS), ultimately hindering 
attempts to provide high quality patient care [13]. Anticipating 
pitfalls is critical to pursuing privileging. Identifying allies 
within other departments who use POCUS such as surgery, 
critical care, anesthesia, obstetrics, and cardiology allows for 
cohesiveness and political strength. The collective wisdom 
from the shared experiences of these colleagues will only 
enhance patient care. Likewise, identifying members of the 
organization who are unsupportive of POCUS presents a 
valuable opportunity to anticipate and circumvent pitfalls. 
However, privileging in point-of-care ultrasound is assisted 
by multiple policy documents. The American Medical 
Association (AMA) House of Delegates passed HR 802 in 
1999 which stipulated that ultrasound is within the scope of 
practice for properly trained physicians and that specialty- 
specific guidelines should be followed [13]. These have been 
reaffirmed multiple times by the AMA, most recently in 
2010 with the passage of H-230.960 [14]. Likewise, this is 
supported by the ACEP Ultrasound Guidelines [12] which 
have been recognized by the American Institute of Ultrasound 
in Medicine [15]. Accreditation of point-of-care ultrasound 

is not currently required but may be linked to reimbursement 
in the future. The 2008 Medicare Improvements for Patients 
and Providers Act of 2008 requires advanced imaging ser-
vices to be accredited but this excludes ultrasound. Despite 
this, some payers require accreditation. For this reason, 
ACEP created the Clinical Ultrasound Accreditation Program 
(CUAP) as a mechanism for EDs to provide assurance that 
their programs meet the current guidelines for EUS [13].

3.2  Quality Assurance

Quality assurance (QA) mechanisms are often a requirement 
of privileging as they are necessary to provide Ongoing 
Professional Practice Evaluation (OPPE). More importantly, 
timely QA ensures that providers are technically competent 
and maintain consistently accurate interpretations to provide 
the best clinical care of patients. All QA mechanisms should 
evaluate the technical aspects of the study as well as the clin-
ical decision process. This requires that the physician record 
images and clips of the study and document their findings for 
later review [13]. While methods of retaining and reporting 
imaging results vary, many facilities utilize electronic data-
bases which allow quality assurance mechanisms to interface 
with the electronic medical record. ACEP publishes 
Emergency Ultrasound Standard Reporting Guidelines 
which provide suggested reporting elements and example 
documents for this purpose [16]. Sufficient mechanisms to 
call back the patient should also be available to the reviewer 
to mitigate the risk of diagnostic error [12]. In general, until 
providers are credentialed, all images should be reviewed, 
while those who have attained full privileging in point-of- 
care ultrasound should have adequate review to ensure ongo-
ing competency [12]. In systems with the adequate resources, 
providing QA on all studies is ideal.

3.3  Billing & Reimbursement

Ultrasound adds value to healthcare by improving patient 
safety, increasing patient satisfaction, decreasing utilization 
of more costly or limited resources, and improving clinical 
decision making [12]. In countries such as the United States, 
where reimbursement for services ensures the ability of 
healthcare organizations to provide ongoing care, recogni-
tion of and reimbursement for the value of ultrasound is criti-
cal. Physicians who are trained and credentialed to perform 
point-of-care ultrasound may bill for ultrasound. In order to 
bill for ultrasound services there must be a clinical indication 
for the study, an order must be placed, images must be per-
manently recorded, a written report must be generated [13]. 
In the united states, Current Procedural Terminology (CPT) 
codes are assigned to specific ultrasound studies. While a 
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complete discussion of billing is beyond the scope of this 
chapter, it is important to note that complete and limited 
ultrasounds may be performed. Completed ultrasounds have 
specifically listed anatomic structures in a given area. EPs 
may bill for completed studies, provided that they fulfill the 
required components of the study. Most, however, will bill 
only limited studies, which answer clinical questions or 
guide procedures [12, 13].

4  Applications of Ultrasound

Since 2001, the American College of Emergency Physicians 
(ACEP) has published guidelines on Emergency Ultrasound. 
These guidelines are regularly updated and outline the basic 
and advanced applications of Emergency Ultrasound [17].

4.1  Core Applications of Ultrasound

ACEP recommends that trainees in EUS have a multifaceted 
ultrasound education. While they encourage the use of free, 
open-access medical education (FOAMed) and simulation, 
they still consider small group hands-on training and super-
vised performance with quality review to be the cornerstone 
of training in EUS [18]. Like all procedures, there is a con-
tinuum from basic to advanced.

ACEP requires completion of core studies for graduation 
from an EM Residency. Core studies include the Focused 
Assessment with Sonography in Trauma (FAST), focused 
echocardiography, basic thoracic, obstetrical, aortic, renal, 
biliary, soft tissue, ocular, and deep vein thrombosis (DVT) 
ultrasounds. Additionally, completion of training in the fol-
lowing ultrasound guided procedures are also considered 
core: central venous access, peripheral venous access, peri-
cardiocentesis, thoracentesis, paracentesis, and abscess inci-
sion and drainage [19]. The FAST exam has evolved into the 
Extended Focused Assessment with Sonography in Trauma 
(E-FAST) which includes thoracic views to assess for hemo-
thorax and pneumothorax. This adaptation builds upon the 
FAST and serves as a gateway to other core applications of 
ultrasound. ACEP recommends that trainees in EUS com-
plete a minimum of 25–50 quality-reviewed exams for each 
application and a minimum of 150–300 across all applica-
tions depending on how many applications are used [18].

4.2  Advanced Applications of Emergency 
Ultrasound

EUS is growing in both scope. As more physicians utilize 
ultrasound, new applications are discovered. As personal skill 
with ultrasound develops, new doors are opened to perform 

more advanced studies. Because advanced applications con-
tinue to adapt, it is difficult to provide an all-inclusive list of 
studies. However, the ACEP has recognized certain topics as 
advanced or fellowship level. These serve as a guideline for 
many EUS fellowships to ensure a well-rounded education. 
Advanced applications of core studies, such as advanced tho-
racic, cardiac, ocular, abdominal organ, and vascular assess-
ment, are a cornerstone of Fellow level education. Additional 
advanced applications are organ specific, such as airway, 
ENT, uterus and adnexal, testicular, bowel, appendix, intus-
susception, pyloric stenosis, fracture, tendon and muscle, and 
joint ultrasound. Additionally, more advanced ultrasound 
guided procedures, such as ultrasound guided nerve blocks, 
lumbar punctures, gastrostomy, jejunostomy, and suprapubic 
tube placements are also taught at the fellowship level [19].

A relatively new application of Emergency Ultrasound 
has been the use of Resuscitative Transesophageal 
Echocardiography (TEE). Traditionally TEE has been the 
purview of cardiology and cardiac anesthesia. EPs have long 
recognized the usefulness of echocardiography in cardiac 
arrest and patients with profound shock and have been early 
adopters of transthoracic echocardiography (TTE). However 
transthoracic echocardiography can be extremely limited by 
patient habitus, underlying medical conditions, real estate 
within a resuscitation bay, and/or ongoing cardiopulmonary 
resuscitation. Resuscitative TEE is an attempt to overcome 
these barriers and answer questions that TTE cannot. 
Resuscitative TEE centers on four key views: the mid- 
esophageal four chamber view, the mid-esophageal long 
axis, the bicaval view, and the trans-gastric short axis. The 
first case series of ED use of resuscitative TEE was published 
in 2008 [20]. Multiple studies since that time have demon-
strated that simulation-based training in Resuscitative TEE is 
effective and sustained over time [21, 22]. Several facilities 
have launched Resuscitative TEE programs with many, if not 
all, involved in ongoing research. One study found that 
Resuscitative TEE had a diagnostic impact in 78% of cases 
and influenced therapeutic choices in 67% of cases where it 
was used [23]. Another demonstrated that Resuscitative TEE 
had a diagnostic, therapeutic, or prognostic impact in 97% of 
cases [24]. The progression from TTE to Resuscitative TEE 
has promulgated in the establishment of a clinical policy by 
the American College of Emergency Physicians supporting 
the performance of resuscitative TEE.  That policy defines 
the training standards, technique, quality assurance, and 
cleaning procedures which should be used for EP performed 
studies [25].

There is an application specific continuum of skill from 
basic to advanced EUS upon which all EPs fall. Some may pos-
sess advanced cardiac ultrasonography skills but only basic or 
even absent skill with testicular, appendix, or pyloric ultra-
sound. For this reason, while the scope of EUS  continues to 
grow, the importance of ongoing education grows along with it.
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4.3  Future Directions

4.3.1  Pocket Carried Devices
Advancement of ultrasound technology has allowed image 
quality to improve with decreasing device size and cost. 
Portable hand-carried ultrasound devices emerged in the late 
1990s and true pocket carried devices in the late 2000s [26]. 
Since that time there has been an explosion of devices avail-
able on the market. Today, portable and ultra-portable ultra-
sound units are offered by a variety of companies, including 
Sonosite, General Electric, Philips, Clarius, and Butterfly. 
Devices such as the Butterfly IQ cost as little as $2000 and 
allow the EP to quite literally carry the machine in their 
pocket.

Handheld and pocket-carried devices currently range in 
price from approximately $2000–10,000, and some are even 
available to lease. The lower direct cost presents the oppor-
tunity for those organizations unable to afford traditional 
devices to implement ultrasound. This reduced cost may 
allow developing nations, rural and critical access facilities, 
and non-profit healthcare organizations to provide advanced 
care otherwise unattainable. Likewise, many educators use 
handheld ultrasound devices for medical education. The 
size of these devices also presents the opportunity to increase 
diagnostic accuracy in environments where size and weight 
restrict the use of other diagnostic modalities. Portable 
ultrasounds are used with increasing frequency on aeromed-
ical transport and are beginning to be used by ground-based 
EMS units. For the military, hand held ultrasound devices 
represent one of the most weight and size efficient pieces of 
diagnostic equipment. They provide an opportunity to 
advance the care provided by Hospital Corpsmen and 
Medics provided at the site of injury. For special operations 
units, who often operate with a limited footprint and with 
little resources, the devices can supplement the humanitar-
ian mission which is often a cornerstone of developing 
indigenous forces in addition to providing advanced care 
within their units.

Handheld devices present a great opportunity but also a 
great responsibility. As with traditional ultrasound machines, 
these devices should be used only by qualified health profes-
sionals and be approved by the facility. Often devices require 
use of a tablet or phone, and in these cases the facility should 
approve of both the probe and tablet or phone [26]. While 
many may be enthusiastic to obtain and use their own per-
sonal handheld ultrasound, care should be taken to ensure 
that governmental and institutional requirements are met 
prior to clinical use. Many facilities require the devices to be 
inspected by biomedical engineers, have cleaning protocols 
developed with infection control officers, and ensure that 
images are retained for documentation in the medical record, 
billing, and quality assurance.

Vertical, Horizontal, & Longitudinal Integration
EM has championed the use of point-of-care ultrasound, 
however ultrasound is utilized by a multitude of specialties. 
It is used by EMS and on the battlefield, in clinics by a vari-
ety of specialties from internal medicine to dermatology, and 
throughout the hospital. Despite this, relatively few outside 
of EM have significant breadth of experience with ultra-
sound. As a specialty, EM has formalized ultrasound educa-
tion, quality assurance, and documentation standards. This 
expertise was recognized and utilized by the University of 
South Carolina School of Medicine in helping to create the 
first vertical, four-year, ultrasound curriculum in undergrad-
uate medical education.(cite hoppman) The explosion of 
point-of-care ultrasound along with variation in training and 
quality assurance means that the future will require a multi-
disciplinary approach to integration of ultrasound across 
medicine.

There is a spectrum of ultrasound user and administrator 
within every organization. Some physicians or departments 
may have no experience or limited experience with poorly 
developed systems. Others within the same facility will have 
expertise and well developed archival, quality assurance, 
billing, and documentation mechanisms. Departments such 
as EM, anesthesiology, and cardiology often have well devel-
oped systems to administer point-of-care ultrasound ser-
vices. Vertical integration of these systems, from the ED 
throughout the hospital allows the entire facility to benefit 
from the experience of these departments. Vertical integra-
tion can occur as loosely as inviting guest lectures from out-
side departments or scanning with members of another 
department. This is low hanging fruit for facilities with grad-
uate medical education, as most resident physicians will 
have prearranged rotations outside of their department. 
These rotations are an opportunity to share knowledge 
between the departments. Alternatively, more formal integra-
tion can occur by appointing a director of point-of-care ultra-
sound or “chief ultrasound officer”. This person can help 
with educational efforts of various departments as well as 
establish protocols for quality reporting, quality assurance, 
and billing throughout the facility.

As the use of ultrasound expands, it will be important 
for well networked facilities to integrate their ultrasound 
operations horizontally. For organizations with multiple 
sites this may be as simple as using a common image 
archival system whereby studies performed at one site can 
be reviewed if a patient is transferred. This is especially 
useful for those who have one large hospital, often collo-
quially known as the mothership, surrounded by multiple 
satellite facilities. In these systems, transfers from the sat-
ellite facilities to the mothership are common. Integration 
of ultrasound between these sites allows for efficient use 
of resources. For instance, critical ultrasound findings 
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may trigger rapid transfer and those ultrasounds may be 
reviewed prior to arrival by the receiving physician. One 
can imagine where a patient with a large abdominal aortic 
aneurysm, positive FAST exam, or ectopic pregnancy could 
initiate an ED-to-ED transfer and have both the receiving 
EP and specialist review the images while the patient is 
enroute to mobilize resources and expedite care. As sys-
tems such as this are developed, unrelated facilities may 
also benefit from similar arrangement. Many states oper-
ate image repositories as part of the state trauma systems. 
These repositories currently allow imaging from multiple 
facilities to be uploaded and sent to the receiving facility 
for review, preventing both redundant imaging and delay 
while waiting for images to be uploaded from a disc upon 
arrival of the patient. It’s not difficult to imagine a similar 
system evolving for the use of point-of-care ultrasound. 
While creating these systems is challenging, the efficiency 
of the end product is worth the effort. A simpler method of 
integrating is shared didactics and QA. Methods such as 
this can be as basic as inviting outlying facilities, related 
or unrelated, to ultrasound rounds and providing feedback 
on cases where ultrasound was utilized.

Longitudinal integration of ultrasound has been develop-
ing for years, however the pace has greatly accelerated with 
the advent of hand-held ultrasound devices. While ultra-
sound has long been part of graduate medical education, its 
introduction into undergraduate medical education is a rela-
tively new phenomenon. Many medical schools are now 
including mandatory ultrasound education within the clinical 
and preclinical years. Additionally, some have advocated for 
inclusion of clinically focused ultrasound education in pre- 
medical education. Some are even including ultrasound edu-
cation as part of Science, Technology, Engineering, and 
Mathematics (STEM) programs in secondary education. 
Longitudinal integration will likely provide one of the next 
great leaps in ultrasound by creating a generation of physi-
cians who are primed with knowledge and skills before 
entering their medical careers. As a result, they will master 
basic studies sooner, progress more quickly to advanced 
studies, and potentially even pioneer new techniques that 
will to continue to improve patient care.
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lateral block, 211
local anesthetics and complications, 212
modifications, 211
nomenclature, 211
posterior block, 211
subcostal block, 211, 212
tranversus abdominis, 205, 206

TFP, 206
thoracolumbar spinal nerve, 207, 208
TLF, 208, 209

Abductor pollicis longus (APL), 110, 112
Accreditation Council for Graduate Medical  

Education (ACGME), 366
Acromioclavicular (AC) joint, 91, 94
Acute kidney injury (AKI), 235
Acute massive PE, 165
Adductor tears, 132
Adenomyosis, 259
Airway management

airway anatomy, 61
confirmation of, 62
emergency situations, 62
prediction of difficult, 61, 62
regional anesthesia, 62
usage, 61

Alobar holoprosencephaly, 242, 244
American College of Emergency Physicians (ACEP), 365, 368
American Institute of Ultrasound in Medicine (AIUM), 251
American Medical Association (AMA)  

House of Delegates, 367
American Medical Society for Sports  

Medicine (AMSSM), 80
American Society of Anesthesiologists (ASA), 338

American Society of Echocardiography (ASE), 29
Anisotropy, 14
Ankle

anatomy, 143
anterior ankle, 143, 144
lateral ankle

anterior tibiofibular ligament, 145
ATFL, 145
calcaneofibular ligament, 145, 146
evaluation, 144, 145
peroneus longus and brevis, 145

medial ankle, 144
posterior ankle, 146
PTN, 147
saphenous nerve, 147
SPN, 147
subtalar joint injection, 146, 147
sural nerve, 147
tibiotalar joint injection, 146

Ankle-brachial index (ABI)
anatomy, 228
body position, 228
cuff size, 228
Doppler method, 229
Doppler ultrasound, 228
physiology, 228

Anterior cruciate ligament (ACL), 137, 138
Anterior inferior tibiofibular ligament, 145
Anterior talofibular ligament(ATFL), 145
Axillary brachial plexus block, 124, 126

B
Baker’s cyst, 138, 233
Barcode sign, 342
Barlow maneuver, 83
Basal cell carcinoma (BCC), 321
Bedside Lung Ultrasound in Emergency (BLUE), 223
Bedside ultrasound

applications, 17
knobology, 19, 20
needle visualization, 23, 24
probe manipulation, 21, 22
probe selection, 17–19
scanning terminology, 20, 21
structure visualization and needle orientation, 21, 23

Benign enlargement of the subarachnoid  
spaces (BESS), 242

Benign neoplastic ovarian cysts, 263, 264
Benign prostatic hyperplasia (BPH), 297
Benign serous and mucinous tumors, 263, 264
Bicep tendonitis, 82
Bicipital groove, 89
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Brachial plexus
absolute/relative contraindications, 123
anatomy

axillary nerve, 121, 122
cords, 121
divisions, 121
median nerve, 122
musculocutaneous nerve, 121
peripheral nerve, 121
radial nerve, 122
trunks, 121
ulnar nerve, 122

axillary block, 124, 126
distal upper extremity blocks, 123
history, 122, 123
indications, 123
infraclavicular block, 124
interscalene block, 126, 127
proximal block, 126
supraclavicular block, 123, 124

Brachial plexus blocks, 71
Brachial systolic pressure, 229
Butterfly IQ, 369

C
Calcaneofibular ligament, 145, 146
Calcific tendinosis, 93, 95
Calcific tendonitis, 82
Capnography, 62
Cardiac arrest, 165
Cardiac disease

acute massive PE, 165
cardiac arrest, 165
diagnostic echocardiographic criteria, 166
goal-directed echocardiography, 164
intravenous fluid therapy management, 164, 165
mortality and morbidity, 163
paravertebral block, 164
pectoralis fascial blocks, 164
thoracic epidural analgesia, 163
valvular heart disease, 166

Carotid artery stenosis (CAS), 233
Carotid Doppler, 234
Carotid ultrasonography, 233, 234
Carpal tunnel syndrome, 116
Carpometacarpal (CMC) joint, 118
Caudal nerve block

anesthesia, 279
modified positioning strategies, 280
safety and efficacy, 279
sonoanatomy, 280–283

Caudothalamic grooves, 241
Cavum septum pellucidum, 240
Celiac plexus blocks, 222
Central venous pressure (CVP), 223
Cerebellar hemorrhage, 242
Christian Doppler, 228
Clinical Ultrasound Accreditation Program (CUAP), 367
Color Doppler ultrasonography, 10, 234
Compartment syndrome, 222
Contrast‐enhanced ultrasonography (CEUS), 286, 304
Coronary artery disease (CAD), 233
Corpora cavernosa, 299
Corpus luteum, 262
Council of Emergency Medicine Residency Directors (CORD), 365
Cranial ultrasound

anterior coronal neonatal brain, 49
imaging techniques, 239

cavum septum pellucidum, 240
cerebellum via mastoid window, 240
corpus callosum, 239, 240
normal choroid plexuses in atria, 239, 240

indications for scanning, 239
infants

alobar holoprosencephaly, 242, 244
corpus callosum, 242, 243
macrocephaly, 242, 244
occipital hematoma, 242

neonatal ultrasound, 48
normal coronal view of cranium, 48
normal parasagittal view at the lateral ventricles, 50
normal posterior coronal view, 50
normal sagittal view of cranium, 48, 49
preterm infants

caudothalamic groove, 241
cerebellar hemorrhage, 242
grade IV intraventricular hemorrhage, 241, 242
periventricular leukomalacia, 241

role in preterm neonates, 239
spinal sonogram

benefits, 244
filar cyst, 247, 248
indications, 244
lipomyelocele, 248, 249
mild dilatation of central canal, 248
normal anatomy, 245
technique, 245, 246
tight filum and tethered cord, 247

step-wise technique, 47
transabdominal and transperineal ultrasound, 48
transcranial Doppler ultrasound, 49, 51
transcranial ultrasonography, 51, 52
Zika virus, 51

Cricothyrotomy, 62
Critical care echocardiography (CCE), 164
Critical care management, see Intensive care setting
Cul-de-sac, 256
Current Procedural Terminology (CPT) codes, 367
Curvilinear transducer, 6
Cutaneous inflammatory process

acne conglobata, 326
dissecting cellulitis of the scalp, 326
hidradenitis suppurativa, 326
inflammatory diseases, 327, 328
keloid, 329
morphea, 326, 328
mycetomas, 328
panniculitis, 328
pilonidal cyst, 326
psoriasis, 326, 327
scleroderma, 326, 328

D
Deep venous thrombosis (DVT), 230

clinical aspects, 231, 233
femoral vein, 231, 232
lower extremity, 231
sensitivity and specificity, 231
upper extremity, 233

De Quervain’s tenosynovitis, 117, 118
De Quervin’s tendonitis, 313
Dermatology
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benign neoplasms
digital myxoid, synovial, and mucoid cyst, 325
glomus tumor, 324
periungual fibroma, 325
periungual warts, 323, 324
subungual and periungual pyogenic granulomas, 323, 324
subungual exostosis, 325, 326
systemic autoimmune diseases, 325

benign solid and cystic neoplasm
epidermal and trichilemmal cyst, 321, 322
neurofibroma, 322, 323
pilomatrixoma, 322, 323
warts, 323

benign vascular neoplasm
infantile hemangiomas, 321
vascular malformations, 321, 322

color Doppler US, 330
cosmetic fillers, 330
cutaneous inflammatory process

acne conglobata, 326
dissecting cellulitis of the scalp, 326
hidradenitis suppurativa, 326
inflammatory diseases, 327, 328
keloid, 329
morphea, 326, 328
mycetomas, 328
panniculitis, 328
pilonidal cyst, 326
psoriasis, 326, 327
scleroderma, 326, 328

deep venous system, 330
diagnosis, 317
foreign bodies, 329, 330
gouty tophus, rheumatoid nodule, xanthoma, 329
high intensity focused ultrasound, 331
lipoma, 329
live organisms, 330
malignant cutaneous neoplasms

BCC, 321
malignant melanoma, 320
SCC, 320

nail, 319
normal skin, 318
tools, 317, 318

Dermoid cysts, 265
Developmental dysplasia of the hip (DDH), 83
Diameter of IVC (dIVCmax), 164
Diastolic blood pressure (DBP), 228
Digital myxoid, 325
Distal bicep tendon (DBT), 104
Distal upper extremity blocks, 123
Doppler echocardiography, valvular heart disease, 166
Doppler shift, 228
Double tract/double lumen signs, 62
Duplex Doppler Sonography, 10
Duplex ultrasonography, 230

body position, 230
deep venous thrombosis, 230
equipment, 231
5 Ps of ischemia, 230
limitations, 231
specificity and sensitivity, 230

E
Ejaculatory duct, 298
Elbow

acute and chronic injuries, 99

anterior elbow, 101–103
articulations, 99, 100
brachialis muscle and tendon, 99, 101
bursa, 100
checklist, 100, 102
CT and MRI, 99
DBT, 104
epicondylitis steroid injection, 106
Golfer's elbow, 105
intra-articular injection, 106
lateral elbow, 103, 104
LUCL, 99, 100, 105
medial elbow, 101, 103
medial epicondyle, 99
needle fenestration, 105, 106
olecranon bursitis, 105, 106
posterior elbow, 104
tennis elbow, 105
UCL, 99, 100, 105

Emergency medicine (EM)
advanced applications of, 368
billing and reimbursement, 367, 368
core applications of ultrasound, 368
credentialing, 367
equipments for, 366
history, 365
horizontal integration, 369
indifferentiated patients, 365, 366
longitudinal integration, 370
pocket carried devices, 369
quality assurance, 367
training, 366, 367
vertical integration, 369

Emergency Ultrasound Standard Reporting Guidelines, 367
End diastolic velocity (EDV), 286
Endocavitary transducers, 6, 8
Endoluminal sonography, 286
Endoluminal ultrasonography, 304
Endometrial abnormalities, 260
Endometrial adenocarcinoma, 261
Endometrial hyperplasia, 260–262
Endometrial polyps, 261, 262
Endometrial stripe thickening, 260, 261
Endometriomas, 264, 265
Endometriosis, 264
Epicondylitis steroid injection, 106
Epidermal cyst, 322
Epididymis, 294, 295
Epidural analgesia, 221
Erectile dysfunction, 286, 298
European Society of Hysteroscopy, 258
EuroSCORE, 166
Extended Focused Assessment with Sonography in Trauma (E-FAST), 

368
Extensor carpi radialis brevis (ECRB), 110, 112
Extensor carpi radialis longus (ECRL), 110, 112
Extensor carpi ulnaris tendon (ECU), 110, 113
Extensor compartment, 110

anatomic snuff-box, 110, 114
APL and EPB, 110, 112
ECU, 110, 113
ED and EIP, 110, 113
EDQ, 110, 113
EPL, 110, 112
extensor carpi radialis longus and brevis, 110, 112
scaphoid fracture, 113, 114

Extensor digiti quinti proprius (EDQ), 110, 113
Extensor digitorum (ED) tendons, 110, 113
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Extensor indices proprius (EIP), 110, 113
Extensor pollicis brevis (EPB), 110, 112
Extensor pollicis longus (EPL), 110, 112
Extracorporeal membrane oxygenation (ECMO), 239

F
Fascia iliaca nerve block

compartment, 149
nerve distribution, 149, 150
patient positioning and landmarks, 149
technique, 150
ultrasound anatomy, 149

Femoral nerve block
nerve distribution, 157
patient positioning and landmarks, 156
surgery, 156
technique, 157
ultrasound anatomy, 156, 157

Fibrocartilaginous structures, 80
Filar cyst, 247
5 Ps of ischemia, 230
Flexor carpi radialis (FCR), 109
Flexor carpi ulnaris (FCU), 109
Flexor compartment, 109–111
Flexor digitorum profundus (FDP), 109
Flexor digitorum superficialis (FDS), 109
Flexor pollicis longus (FPL), 109
Fluid Administration Limited by Lung Sonography  

(FALLS) protocol, 223
Focused Assessed Transthoracic Echocardiography (FATE), 343
Focused Assessment with Sonography in Trauma (FAST), 368
Free, open-access medical education (FOAMed), 368

G
Ganglion cyst, 82
Gastric antrum, 339
Germinal matrix hemorrhage, 241
Glenohumeral joint, 94, 96
Glomus tumor, 324
Goal-directed echocardiography, 164
Golfer's elbow, 105
Grade 0 antrum, 340
Grade IV- intraventricular hemorrhage, 241
Graf method, 83
Greater occipital nerve block, 67–69
Greater trochanteric pain syndrome, 133
Grey scale B Mode ultrasound, 285
Gynacolgic ultrasound, 251

See also Pelvic ultrasonography

H
Hamstrings tendinopathy/ischial bursitis, 133, 134
Handheld devices, 369
Harcke method, 83
Harmonic scanning, 286
Head and neck blocks

brachial plexus blocks, 71
greater occipital nerve block, 67–69
infraorbital nerve block, 66, 67
interscalene nerve block, 71, 72
lesser occipital nerve block, 68, 69
mental nerve block, 67

regional anesthesia, 65
stellate ganglion blocks, 73–75
superficial cervical plexus block, 69–71
supraclavicular nerve block, 72, 73
supraorbital nerve block, 65, 66
trigeminal nerve block, 65, 66

Hematooperitoneum, 256
Hematospermia, 303
Hematuria, 303
Hemorrhagic cyst, 262, 263
Hidradenitis suppurativa, 326
High intensity focused ultrasound (HIFU), 313
Hip

anterior hip
anatomy, 129, 130
iliopsoas tendinopathy/bursitis diagnosis, 131
osteoarthritis injection, 129, 130
rectus femoris tear, 131
snapping hip syndrome, 130, 131

lateral hip
anatomy, 132, 133
pathology, 133

medial hip
anatomy, 131, 132
pathology, 132

posterior hip
anatomy, 133, 134
pathology, 133, 134

Hip dysplasia, 83
Hydrocolpos, 260
Hydrometrocolpos, 260
Hyoid bone, 61, 62
Hyomental distance ratio, 62
Hypoechoic urethral muscles, 297
Hypopharynx, 61
Hypoxic ischemic injury, 241

I
Iliohypogastric nerve, 208
Ilioinguinal nerves, 208
Iliopsoas bursa, 131
Infantile hemangiomas, 321
Inferior vena cava (IVC), 164, 222
Infraclavicular brachial plexus block, 124
Infraorbital nerve block, 66, 67
Infraspinatus muscle, 89, 92
Infraspinatus tendon, 87, 90, 93
Intensive care setting

peripheral nerve blocks, 221, 222
regional analgesic techniques, 222
regional anesthesia, ultrasound role, 221
volume status, 222

central venous pressure, 223
IVC imaging, 222, 223
lung ultrasound, 223
velocity-time integral, 223

Intercostal nerve blocks (ICNB), 164
Internal carotid artery (ICA), 233, 234
Interscalene block, 126, 127
Interscalene nerve block, 71, 72
Intra-articular injection, 106
Intravenous fluid therapy management, 164, 165
Intraventricular hemorrhage, 241, 242
IVC collapsibility index (IVCCI) ratio, 164
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K
Keloid, 329
Klippel-Trenaunay Syndrome, 330
Knee

anterior knee
ACL tear, 137, 138
anatomy, 135
osteoarthritis, 136, 137
patellar tendinitis, 137

lateral knee
anatomy, 140, 141
lateral meniscal tears, 141
LCL sprains, 140
peroneal nerve entrapment, 141

medial knee
anatomy, 138, 139
MCL sprains, 139
medial meniscus tear, 139, 140
pes anserine bursitis, 139

posterior knee
anatomy, 137, 138
pathology, 138

Knobology, 19, 20

L
Laryngomalacia, 56
Larynx, 61
Lateral collateral ligament (LCL) sprains, 140
Lateral epicondylitis, 105
Lateral meniscal tears, 141
Lateral ulnar collateral ligament (LUCL), 99, 100, 104, 105
Leiomyoma, 258, 259
Leiomyosarcomas (LMS), 259
Lesser occipital nerve block, 68, 69
Linear array transducers, 6, 7
Lipomyelocele, 248, 249
Long head bicep tendon, 87, 89, 90, 92, 95
Lower extremity

fascia iliaca block
compartment, 149
nerve distribution, 149, 150
patient positioning and landmarks, 149
technique, 150
ultrasound anatomy, 149

femoral nerve block
nerve distribution, 157
patient positioning and landmarks, 156
surgery, 156
technique, 157
ultrasound anatomy, 156, 157

obturator nerve block
nerve distribution, 155, 156
pain control, 154
patient positioning and landmarks, 154
technique, 156
ultrasound anatomy, 155

popliteal nerve block
goal, 150
nerve distribution, 151
patient positioning and landmarks, 150
technique, 151
ultrasound anatomy, 150, 151

saphenous nerve block
distal, 158

nerve distribution, 158
technique, 158, 159
transsartorial approach, 158
ultrasound anatomy, 158

sciatic nerve block
anterior approach, 153, 154
definition, 152
nerve distribution, 153
patient positioning and landmarks, 152
subgluteal approach, 154
transgluteal approach, 154
ultrasound anatomy, 152, 153

Lung and pleural examination and diagnosis
image acquisition

BLUE protocol, 186
patient positioning, 185
PLAPS point, 186, 187
probe manipulation, 186

probe types, 185
Lung point, 342
Lung sliding, 341
Lung ultrasound (LUS), 223

M
Macrocephaly, 244
Malignant cutaneous neoplasms

BCC, 321
malignant melanoma, 320
SCC, 320

Malignant melanoma, 320
Mallampati score, 61
Mechanical index (MI), 288
Medial collateral ligament (MCL) sprain, 139
Medial epicondylitis, 105
Medial meniscus injuries, 139, 140
Meningocele, 248
Mental nerve block, 67
Morphea, 326, 328
Mothership, 369
Mucoid cyst, 325
Müllerian (paramesonephric) ducts, 260
Multicentre Australian Study of Epidural Anesthesia  

(MASTER) trial, 221
Musculoskeletal ultrasound

Achilles tendon, 81
advantages, 79
disadvantages, 80
fluid collection, 80
foreign body, 82
ganglion cyst, 82
hand-held US, 79
injections, 83, 84
medial ankle structures, 80
nerve entrapment, 82
pediatric developmental dysplasia of hip, 83
peroneal tendon instability, 83
peroneus brevis tendon split tear, 83
rotator cuff tears, 82
shoulder pathology, 82
soft tissue masses, 80
spring (deltoid) ligament tear, 81
technical considerations, 80
ultrasound palpation test, 81

Mycetomas, 328
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N
Neck ultrasound

cricoid cartilage and cricothyroid membrane, 57
hyoid bone, 55
larynx, 56
thyroid gland

anatomy, 57
pathology, 58
sonoanatomy, 58

trachea
anatomy, 58
clinical applications, 58, 59
pathology, 58
sonoanatomy, 58

vocal cords
anatomy, 56
pathology, 56, 57
sonoanatomy, 56

Needling techniques
body ergonomics, 27, 28
in-plane vs. out-of-plane approach, 25, 26
needle selection, 27
needle-beam angle, 26
proper needle handling, 26, 27

Nerve entrapment, 82
Neuraxial blockades

lumbar spine
indications, 277
parasagittal articular scan, 274, 276
parasagittal oblique scan, 275, 277
parasagittal transverse process scan, 274, 275
sonoanatomy, 272, 273
transverse interlaminar scan, 276, 277, 279, 280
transverse spinous process scan, 276, 278

parasagittal oblique scan, 272, 273
sonoanatomy, 272
spinal vertebrae anatomy, 271, 272
thoracic nerve block, 272
transverse midline scan, 272, 274
ultrasound guidance, 271

Neurofibroma, 322, 323

O
Obstructive sleep apnea (OSA), 55
Obturator nerve block

nerve distribution, 155, 156
pain control, 154
patient positioning and landmarks, 154
technique, 156
ultrasound anatomy, 155

Occipital hematoma, 242
Olecranon bursitis, 105, 106
Oncotherapy, 313
Ongoing Professional Practice Evaluation (OPPE), 367
Oropharynx, 61
Orthopaedics, ultrasound in, see Musculoskeletal ultrasound
Ortolani maneuver, 83
Ovarian torsion, 265

P
Paravertebral block (PVB), 164
Patellar tendinitis, 137
Peak systolic velocity (PSV), 286
Pectoralis fascial blocks (PECS), 164

Pediatric developmental dysplasia of the hip (DDH), 83
Pediatric intensive care unit (PICU), 239
Pelvic inflammatory disease (PID), 265, 266
Pelvic ultrasonography

adenomyosis, 259, 260
cervix, 252–254, 262
endometrial polyps, 261, 262
endometrial stripe, 254, 255, 260, 261
fallopian tubes

Cul-de-sac, 256
doppler studies, 256, 257
hydrosalpinx, 262
ovaries, 262
premenopausal menstruating women, 255
pyosalpinx, 262
saline infusion sonography, 257

functional cysts
benign neoplastic ovarian cysts, 263, 264
dermoid cysts, 265
endometriosis, 264, 265
hemorrhagic cyst, 262–263

leiomyoma, 258, 259
leiomyosarcomas, 259
Müllerian ducts, 260
ovaries

Cul-de-sac, 256
doppler studies, 256, 257
premenopausal menstruating women, 255
saline infusion sonography, 257
torsion, 265

patient positioning, 252
pelvic inflammatory disease, 265, 266
peritoneal inclusion cysts, 266
structural abnormalities, 260
three-dimensional ultrasonography, 257
trans-abdominal images, 252
transvaginal images, 252
transvaginal ultrasound probes, 251, 252
uses, 251
uterus, 252, 253

Penis ultrasound
clinical indications, 298
color and spectral Doppler examination, 299
grey scale ultrasound, 299
sonourethrography, 299
technique, 298
ultrasound anatomy, 299

Perioperative ultrasound
airway ultrasound and FAST exams

clinical/pathological interpretation, 348
esophagus, trachea and thyroid, 347
image acquisition and sonoanatomy, 346
indications, 346
medical decision making, 348
parasagittal scan of neck, 347
parasagittal ultrasound view, 348
transverse scan of neck, 347
vocal cords, 347

cardiac ultrasound
A4C probe position, 346
A4C ultrasound view, 346
clinical/pathological interpretation, 343
image acquisition and sonoanatomy, 343
indications, 343
medical decision making, 343
PLAX probe position, 345
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PLAX ultrasound view, 345
PSAX probe position, 345
PSAX ultrasound view, 345
subcostal 4C probe position, 344
subcostal 4C ultrasound view, 344
subcostal IVC probe position, 344
subcostal IVC ultrasound view, 344

gastric ultrasound
clinical/pathological interpretation, 339
empty stomach, 339
fluid volume measurement, 340
gastric antrum, 339
image acquisition and sonoanatomy, 338
indications, 338
medical decision making, 339, 340
stomach with food, 340
stomach with liquid and air, 339

I-AIM framework, 337
lung ultrasound

barcode sign, 342
B lines, 341
clinical/pathological interpretation, 342
image acquisition and sonoanatomy, 340, 341
indications, 340
medical decision making, 342
posterior axillary line, no effusion, 342
seashore sign, 341

Peritoneal inclusion cysts, 266
Periungual fibroma, 325
Periungual warts, 323, 324
Periventricular leukomalacia, 241
Peroneal tendon instability, 83
Peroneus brevis (PB), 145

muscles, 83
tendon split tear, 83

Peroneus longus (PL), 83, 144–145
Pes anserine bursitis, 139
Phased array transducers, 6, 7
Pilomatrixoma, 322, 323
Plastic polyetheretherketone (PEEK), 82
Pleural effusion, 341, 342
Pneumothorax, 340, 342
Pocket carried devices, 369
Point-of-care ultrasound (POCUS), 165, 337, 338, 346, 367
Polyester (Dacron) grafts, 230
Polyps, 261, 262
Popliteal nerve block

goal, 150
nerve distribution, 151
patient positioning and landmarks, 150
technique, 151
ultrasound anatomy, 150, 151

Portable ultrasounds, 369
Posterior tibial nerve (PTN), 147
Post-menopausal women, 255
Post-spinal anesthesia hypotension (PSAH), 164
Pouch of Douglas, see Cul-de-sac
Premenopausal menstruating women, 255
Prostate gland, 297
Prostate seminal vesicles and vas deference

indications, 297
transabdominal scan, 295
transrectal ultrasound, 296, 297
ultrasound features, 298

Proximal brachial plexus block, 126
Psoriasis, 326, 327
Pulmonary embolism (PE), 165

Pulsatility index (PI), 286
Pulse wave technology, 285
Pulsed wave doppler, 8, 10
Pulsed wave Doppler ultrasonography, 234
Pyogenic granulomas (PGs), 323, 324
Pyosalpinx, 262

Q
Quadratum lumborum block (QLB)

definition, 212
local anesthetics and complications, 213, 214
types, 213

Quadratus lumborum muscle (QL), 206, 208, 209

R
Rectus femoris tear, 131
Rectus sheath block, 214, 215
Regional anesthesia, 62
Renal resistive index (RRI), 235
Renal sonography

antenatal ultrasound findings, 288, 289
in children and adults, 289
clinical indications, 289
Doppler waveform in adult renal artery, 290, 291
kidney transplant, 291
normal ultrasound findings, 290
renal transplant, 291
surgical technique, 291

Renovascular disease, 227
Resuscitative Transesophageal Echocardiography (TEE), 368
Return of spontaneous circulation (ROSC), 165
Rheumatoid arthritis (RA), 116
Right atrial pressure (RAP), 164
Right lateral decubitus (RLD), 338
Rotator cuff tear, 82, 87, 92, 93, 95

S
Saline infusion sonography (SIS), 257
Saphenous nerve (SN), 147
Saphenous nerve block

distal, 158
nerve distribution, 158
technique, 158, 159
transsartorial approach, 158
ultrasound anatomy, 158

Scapholunate advanced collapse (SLAC), 115
Sciatic nerve block

anterior approach, 153, 154
definition, 152
nerve distribution, 153
patient positioning and landmarks, 152
subgluteal approach, 154
transgluteal approach, 154
ultrasound anatomy, 152, 153

Science, Technology, Engineering, and Mathematics (STEM) 
programs, 370

Scleroderma, 326, 328
Sclerotherapy, 312
Scrotum ultrasound

anatomy, 294
epidydimis, 294, 295
indications, 294
technique, 294
testes, 294
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Seashore sign, 341, 342
Serratus anterior plane (SAP) block, 164
Severe valve regurgitation, 166
Severe valve stenosis, 166
Shoulder

interventional techniques, 96
pathology

acromioclavicular joint, 94
calcific tendinosis, 93, 95
glenohumeral joint osteoarthritis, 94
long head bicep tendon subluxation/dislocation, 92, 95
rotator cuff tear, 92, 93, 95
SASD, 96
subacromial impingement, 95, 96
tendinosis, 91

patient positioning and anatomy, 94
acromioclavicular joint, 88, 91, 94
glenoid, proximal humeral head and distal clavicle, 88
infraspinatus, 89–93
long head bicep tendon, 87, 89, 90
glenoid, proximal humeral head and distal clavicle, 87
infraspinatus, 87
supraspinatus muscle, 87
teres minor, 87
SASD, 91, 94, 95
subscapularis, 87, 89, 90
supraspinatus muscle, 89–92
teres minor, 89–93
tuberosity facet anatomy, 87, 89

Shoulder pathology, 82
Snapping hip syndrome, 130, 131
Society of Academic Emergency Medicine (SAEM), 365
Society of Cardiovascular Anesthesiologists (SCA), 29
Soft tissue masses, 80
Sonoelastography, 286, 303
Spatial compounding, 286
Spectral Doppler, 286
Squamous cell carcinoma (SCC), 320
Static Graf method, 83
Stellate ganglion blocks, 73–75
Stratosphere sign, 342
STS scoring systems, 166
Subacromial bursitis, 82
Subacromial impingement, 95, 96
Subacromial subdeltoid (SASD) bursa, 91, 94–96
Subglottic stenosis, 62
Submucosal myomas, 258, 259
Subscapularis muscle, 87, 89, 90
Subserosal myomas, 258
Subtalar joint injection, 146, 147
Subungual exostosis, 325, 326
Superficial cervical plexus block, 69–71
Superficial peroneal nerve (SPN), 147
Superior mesenteric artery (SMA), 234
Supraclavicular block, 123, 124
Supraclavicular nerve block, 72, 73
Supraorbital nerve block, 65, 66
Supraspinatus muscle, 87, 89–92
Sural nerve (SN), 147
Synovial cysts, 325
Syringohydromyelia, 248
Systolic blood pressure (SBP), 228

T
Tendon fenestration, 96
Tendon sheath injection, 118

Tennis elbow, 105
Tenosynovitis, 313
Teres minor, 87, 89, 90, 92, 93
Testes, 294
Thermal index (TI), 288
Thoracic epidural analgesia, 163
Thoracolumbar fascia (TLF), 208, 209
Thoracolumbar spinal nerve, 207, 208
Thrombectomy, 312
Tibialis posterior (TP) tendon, 144
Tibiotalar joint injection, 146
Tracheostomy, 62
Trans abdominal plane (TAP) block, see Abdominal wall blocks
Transabdominally as well as transrectally (TRUS), 295
Transcatheter aortic valve replacements (TAVR), 163
Transcranial Doppler ultrasound (TCD), 49, 51
Transcranial ultrasonography (TCS)

brain parenchyma, 51, 52
post-operative localization of brain implants, 51

Transesophageal echocardiogram (TEE), 337
Transthoracic echocardiography (TTE)

apical window, 174
clinical indications

cardiac output measurement, 181
diastolic dysfunction, 179
embolic sources, 179
heart valves assessment, 179
hypertrophic cardiomyopathy, 180
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LV systolic function, 174, 179
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Ulnar collateral ligament (UCL), 99–101, 103, 105
Ultrasound

aliasing, 14
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definition, 3
Doppler sonography
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power Doppler, 11
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image generation
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motion-mode, 5
mirror images, 12, 13
posterior acoustic enhancement, 11, 13
resolution, 6
reverberation artifact, 12, 13
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shadowing, 11, 12
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strength of wave, 3
tissue vibration, 15
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transducers
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piezoelectric crystals, 6
piezoelectric elements, 6
position, 6, 9, 10

twinkle artifact, 15
wavelength, 3

Ultrasound (US) basics
Doppler echocardiography, 171, 172
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2D imaging, 171
ultrasound probes, 172

Ultrasound guided interventions
advantages, 313
biopsy, 310
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future aspects, 314, 315
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Urethral stricture, 299
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history, 285
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urinary bladder
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US imaging, 29
vessel abnormality diagnosis, 32, 34
vessel identification, 31
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Velocity-time integral (VTI), 223
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Vesicouureteral reflux (VUR), 304
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Wrist
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