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Preface

The first edition of this book, Echocardiography for Intensivists, was pub-
lished six years ago. At that time, the use of ultrasound machines was not yet
a routine for many intensivists around the world. Today, many doctors, who
are involved in the management of unstable or critically ill patients, are sim-
ply unable to practice without it. Echocardiography is now firmly considered
to be the most useful diagnostic tool for the evaluation of patients with acute
cardiovascular disorders in the ICU, the operating theatre and the emergency
department. Ultrasound examination of the heart and great vessels provides
reliable functional anatomy and hemodynamic assessment of the cardiovas-
cular system. There is no alternative way to assist and guide the clinicians so
that, within just a few minutes, they may understand the cause of cardiocircu-
latory shock and accordingly treat hemodynamic derangement at the
bedside.

Today, more than 60 years after its initial conception, echocardiography is
established enough to be in a widespread use even outside the cardiology
unit. Ultrasound assessment of the cardiovascular system is continuously
being refined according to advances in research and technology. However, the
appropriate clinical application of this unique diagnostic technique in the
acute setting requires specific education with constant updates and training.

The first edition of the book was developed from awareness of the need for
a text specifically written for intensivists, emergency physicians and anaes-
thesiologist who wished to incorporate the ultrasound technique into their
clinical practice. Thanks to the contributions made by all the authors, the first
edition of the book has been well-received all around the world, and a Chinese
language edition has also been published. This second edition has been com-
pletely revised and expanded with the aim of becoming a Textbook of
Echocardiography for Intensivist and Emergency Physicians. Each existing
chapter has been updated, with the addition of many new figures and refer-
ences, and ten entirely new chapters have been added.

We wish to express our gratitude to all of the authors of both editions for
their invaluable contributions, and we would also like to thank Springer for
their skilful production of this textbook. Last, but not least, we are indebted
to our families for their understanding and support.
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Preface

Finally, we wish to dedicate our efforts to all the patients who have to face
critical medical conditions and to the doctors, nurses and caregivers who do
their best to provide them with the care they need.

We will feel greatly rewarded if this book helps to improve, in some way,
the care of such patients.

Firenze, Italy Armando Sarti
Bergamo, Italy F. Luca Lorini
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Essential Physics of Ultrasound

and Use of the Ultrasound
Machine

Dionisio F. Colella, Paolo Prati, and Armando Sarti

1.1 Ultrasound

Sound is a mechanical wave made up of com-
pressions and rarefactions of molecules in a
medium (solid, liquid, or gas) (Fig. 1.1).

CYCLE

Awiwi

Sounds is characterized by some parameters:

Frequency is the number of cycle per unit time
(1 s), measured in hertz (Hz). The higher the
frequency, the better the resolution, but the
lower the penetration (Fig. 1.2).

Period is the duration of a cycle (the inverse of
frequency).

Wavelength is the distance that sound travels
in one cycle. The wavelength depends on the
size of the piezoelectric crystals in the trans-
ducer and the medium through which the
sound wave travels (Table 1.1).

Amplitude is the amount of change in the
oscillating variable. Amplitude decreases as
the wave travels (attenuation), leading to
echoes from deeper structures being weaker

AMPLITUDE

WRVATAY

WAVELENGTH

Fig. 1.1 A sound wave

than those from superficial structures. It is
measured in decibels:

Decibel(dB) = 20log,, 4* / 47,

where A is the sound amplitude of interest and A,
is a standard reference sound level.

Intensity is the measure of the energy in a sound
beam. It is related to potential tissue damage.
For example, ultrasound used for lithotripsy

D. F. Colella (<)

Department of Anesthesia and Intensive Care,
Tor Vergata University, Rome, Italy

P. Prati

Policlinico Tor Vergata, Rome, Italy

A. Sarti

Department of Anesthesia and Intensive Care,
Tor Vergata University, Rome, Italy

Policlinico Tor Vergata, Rome, Italy

has high intensity to fragment renal stones. It is

measured in watts per square meter.

e Power is the amount of energy transferred. It

is expressed in watts.

e The power or the intensity levels are not repre-

© Springer Nature Switzerland AG 2019
A. Sarti, F. L. Lorini (eds.), Textbook of Echocardiography for Intensivists and Emergency
Physicians, https://doi.org/10.1007/978-3-319-99891-6_1

sented on the ultrasound machine, but there
are two other variables that indirectly change
those two parameters: mechanical index and
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Fig. 1.2 Relationship
between transducer WAVELENGTH
frequency, penetration,
and wavelength. As the g m
transducer frequency ; 0.5 %
increases, resolution = 5'
increases and % 5
penetration decreases W @)
g 1.0 z
Tt----.._____ PENETRATION
R e L
1 25 35 5 75 10 15 20
TRANSDUCER FREQUENCY (MHz)
Table 1.1 Relationship between frequency and 1,2 Interaction of Ultrasound
wavelength with Tissues
Frequency (MHz) Wavelength (mm)
20 1.2 1.2.1 Attenuation
2.5 0.60
5.0 0.30 .
75 020 When .the ultr.asound be%lm passes through. uni-
10.0 0.15 form tissues, its energy is attenuated by disper-

Table 1.2 Ultrasound velocities in different mediums

Material Velocity (m/s)
Air 330
Water 1497
Fat 1440
Blood 1570
Soft tissue 1540

thermal index. The first one represents the risk
of cavitation. The second one is related to the
increase of temperature of the tissues
(Table 1.1, Fig. 1.2).

e Propagation velocity is the velocity deter-
mined by the medium that the sound passes
through. It is related to the tissue’s resistance
to compression. Velocity is the product of fre-
quency and wavelength. The propagation
velocity through a medium is increased by
increasing stiffness of the medium and is
reduced by increasing density of the medium
(Table 1.2).

Velocity is the product of wavelength and
frequency:
v=Axf.

sion and absorption.

Absorption is the conversion of ultrasound
energy into heat. The attenuation coefficient
relates the amount of attenuation to the frequency
of the ultrasound beam and the distance that
beam travels.

Dispersion occurs because of reflection,
refraction, and scattering. The attenuation of the
sound wave is increased at higher frequencies, so
in order to have better penetration of deeper tis-
sues, a lower frequency is used.

Attenuation involves less energy returning to
the transducer, resulting in a poor image.

As the sound traveling through a tissue reaches
another tissue with different acoustic properties,
the sound energy can be reflected or change its
direction, depending on the acoustic impedance
of the second interface.

Acoustic impedance is the ability of a tissue to
transmit sound and depends on:

e The density of the medium

e The propagation velocity of ultrasound
through the medium:

Z =pxv,
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Fig. 1.3 The left
ventricular wall is
hidden behind a calcified
posterior mitral leaflet

where Z is the acoustic impedance, p is the den-
sity of the material, and v is the speed of
ultrasound.

If different mediums have a large difference
in acoustic impedance, there is an acoustic
impedance mismatch. The greater the acoustic
mismatch, the greater the percentage of ultra-
sound reflected and the lower the percentage
transmitted.

1.2.2 Reflection

When a sound wave reaches a smooth surface, it
is reflected with an angle that is opposite the inci-
dent angle. The more the angle is near 90°, the
lower the amount of energy that is lost.

There are two types of reflection:

1. Specular reflection
2. Scattering reflection

If the sound wave reaches a small and irreg-
ularly shaped surface (such as red blood cells),
the ultrasound energy is scattered in all
directions.

Reflection can be measured by the reflection
coefficient:

R=(2,-2) (2, +2),

where R is the reflection coefficient and Z is the
acoustic impedance.

When the second medium encountered is a
strong reflector, some phenomena can occur:

* Acoustic shadowing (Fig. 1.3)
* Reverberation (Fig. 1.4)
* A side lobe (Fig. 1.5)

1.2.3 Refraction

When a sound beam reaches the interface
between two mediums, some of it is not reflected
but passes through the interface, and its direction
is altered. This is called refraction. The amount
of refraction is proportional to the difference in
the velocity of sound in the two tissues and to the
angle of incidence:

n,/n, =sin6, /sinb,,

where 7 is the refraction coefficient and 6 is the
angle of incidence.

It is possible to see some refraction artifact
(Figs. 1.6 and 1.7).
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Fig. 1.4 Comet tail.
Mirror image: double-
barred aorta

Fig. 1.5 Side lobe
artifacts can create a
false aortic flap

1.3  Ultrasound Wave Formation
Ultrasound waves are generated by piezoelectric
crystals. An electrical current applied to a crystal
causes vibration and consequent expansion and
contraction. These changes are transmitted into
the body as ultrasound waves. Modern transduc-
ers are both transmitters and receivers.

There is a strict relationship between time,
distance, and velocity of ultrasound propagation.

Knowing the time required for sound to travel
from the transducer to an object, the time needed
for the returning echo from that object to the
transducer, and the propagation velocity in that
medium allows one to calculate the distance the
ultrasound waves have crossed. This is the basis
of ultrasonic imaging.

Electrical energy is not applied to the trans-
ducer in a continuous way: ultrasound waves
are produced at regular intervals with a pulsed
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Fig. 1.6 Grading lobe.
The pulmonary catheter
seems to be in the aorta

reflected

\ refracted
attenuated

Fig. 1.7 Reflection, refraction, and attenuation

repetition period, leading to a defined pulse rep-
etition frequency (PRF; in kilohertz). The wave-
length of the ultrasound generated is inversely
related to the thickness of the piezoelectric
elements.

The piezoelectric elements cannot emit a sec-
ond pulse until the first has returned to the trans-
ducer: the ability to recognize different objects is
related to the frequency of emission of the ultra-
sound wave pulse.

The ultrasound beam emitted from the trans-
ducer has a particular shape: it begins with a

narrow beam (near field), and then the ultrasound
beam diverges in the far field. The length of the
near field (or Fresnel zone) is related to the diam-
eter of the transducer (D) and the wavelength:

L, =D/4A.

Even the angle of divergence, forming the far
field (or Fraunhofer zone), is related to the diam-
eter of the transducer (D) and the wavelength:

sin@ =1.221/ D.

The resolution is improved in the near field
because of the narrower diameter of the ultrasound
beam. It is easy to understand that a high-diameter
transducer with high frequency (short wavelength)
can produce the best ultrasound beam.

There is another way to reduce the diameter of
the ultrasound beam and thus improve the resolu-
tion: focusing the beam. This produces a reduc-
tion of the beam size at a particular point,
ameliorating the image.

1.3.1 Resolution

This is the ability to recognize two objects.
Spatial resolution is the ability to differentiate
two separate objects that are close together.
Temporal resolution is the ability to place struc-
tures at a particular time.
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1.3.2 Axial Resolution

This is the ability to recognize two different
objects at different depths from the transducer
along the axis of the ultrasound beam (Figs. 1.8
and 1.9):

R BV

Fig. 1.8 Axial resolution. The spatial pulse length is
short enough to be placed within two different structures,
so they are resolved

3 MHz 3 MHz 7 MHz

WWW

= =
(| | (|

Fig. 1.9 Axial resolution and transducer frequency.
Closer objects cannot be resolved by a low transducer fre-
quency. Increasing the transducer frequency (shortening
the spatial pulse length and duration) is required to resolve
the objects

spatial pulse length (SPL)
2

Axial resolution =

>

where SPL = 1 x no. of cycles.

It is improved by higher-frequency (shorter-
wavelength) transducers but at the expense of
penetration. Higher frequencies are therefore
used to image structures close to the transducer.

1.3.3 Lateral Resolution

This is the ability to distinguish objects that are side
by side. It is dependent on the beam width because
two objects side by side cannot be distinguished if
they are separated by less than the beam width. It is
improved by the use of higher-frequency trans-
ducer (which increases the beam width) and an
optimized focal zone (Figs. 1.10 and 1.11).

Fig.1.10 Lateral resolution. Wider beams cannot resolve
near objects

Fig. 1.11 Lateral resolution. At low depth, lateral resolu-
tion is worsened
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1.3.4 Temporal Resolution

This is dependent on the frame rate. It is improved
by:

* Minimizing depth—the maximum distance
from the transducer as this affects the PRF

e Narrowing the sector to the area of interest—
narrowing the sector angle

*  Minimizing the line density (but at the expense
of lateral resolution)

1.4  Doppler Echocardiography
Doppler echocardiography is a method for detect-
ing the direction and velocity of moving blood
within the heart.

The Doppler effect (or Doppler shift) is the
change in frequency of a wave for an observer
moving relative to the source of the wave
(Fig. 1.12).

When the source of the sound wave is moving
toward the observer, each successive wave is
emitted from a position closer to the observer
than the previous wave, and it takes less time than
the previous wave to reach the observer. Then the
time between the arrival of successive waves is
reduced, resulting in a higher frequency. If the
source of waves is moving away from the
observer, the opposite effect can be seen, with
increased time between the arrival of successive
waves, giving them a lower frequency.

Fig. 1.12 Doppler shift

The amount of that change in frequency is
the Doppler shift. Blood flow velocity (V) is
related to the Doppler shift by the speed of
sound in blood (C) and the intercept angle (0)
between the ultrasound beam and the direction
of blood flow:

Doppler shift =2xF (transmitted)
x[(chosQ)]/C

A factor of 2 is used because the sound wave
has a “round-trip” transit time to and from the
transducer. If the ultrasound beam is not parallel
to blood flow, an angle of incidence greater than
30° can underestimate the Doppler shift.

There are two kinds of Doppler application:
pulsed-wave Doppler and continuous-wave
Doppler.

In the continuous-wave Doppler technique,
the transducer continuously transmits and
receives ultrasound waves (Fig. 1.13).

The continuous-wave Doppler technique mea-
sures all velocities along the ultrasound beam. It
cannot discriminate the time interval from the
emission and the reflection, giving no informa-
tion about the depth of the received signal. The
continuous-wave Doppler technique is able to
detect very high velocities, and it can be useful to
evaluate the high velocity flow through a stenotic
aortic valve.

In the pulsed-wave Doppler technique, the
transducer alternately transmits and receives the
ultrasound wave and its returning echo (Fig. 1.14).

Doppler shift Af =
> = Object at _
— e G— rest 10
) =) m—)
I I I Object fo<f,

approaching

Object

away fe>fr

V = (f-fy) x ¢ / cosO x 2f,
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Fig. 1.13 Continuous-
wave Doppler
imaging

Fig. 1.14 Pulsed-wave
Doppler
echocardiography

The transducer must wait for the returning echo
before sending out another ultrasound wave. The
pulsed-wave Doppler technique samples veloci-
ties at a specific point (sample volume) of the
ultrasound beam.

The number of pulses transmitted from a
Doppler transducer each second is called the
pulse repetition frequency (PRF). The sampling
rate determinates the acquisition of information.
If the Doppler shift frequency is higher than the
PRE, the Doppler signal is displayed on the other
side of the baseline. This is the alias artifact.

+ AVVTI
V max 343 cmis,
V media 253 cmisiHz
PG max 47 mmHg

PG medic 30 mmHg

VTl 73.5¢cm

TAVA(VT)  0.82cm?

AVA (V. max.) 0.72 em?
|

Aliasing occurs when the measured velocity is
greater than half of the PRF (Figs. 1.15 and 1.16).
This velocity is called the Nyquist limit.

There are some ways to improve the velocity
performance of the pulsed-wave Doppler
technique:

1. Decrease the distance between the transducer
and the sample volume. Reducing the distance
the ultrasound beam has to travel will increase
the frequency of emission of the pulsed wave
(PRF).
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Fig. 1.15 Aliasing

Fig. 1.16 Aliasing

H
W

2. Choose a low frequency of emission.
3. Set the baseline to display a greater range of
velocities (Fig. 1.17).

In tissue Doppler imaging (Fig. 1.18), a low-
pass filter is used to measure only the velocity of
myocardial tissues. Tissue Doppler imaging uses
a small pulsed-wave sample volume showing low
velocity—high amplitude signals.

Color Doppler imaging combines a 2D image
with a Doppler method to visualize the velocity
of blood flow within an image plane. The Doppler

75mm/is

V' i ’L

‘i‘ ‘ M -, T. e

--20
--30
17 bpm

shift of thousands of sample volumes displays the
directions of the blood cells: blue for away from
and red for toward the transducer (Fig. 1.19).

High-flow velocities are displayed in yellow
(toward the transducer) and cyan (away from the
transducer); green is used to visualize areas of
turbulence. As with the pulsed-wave Doppler
technique, the color flow Doppler technique suf-
fers from the Nyquist limit, and aliasing can
occur (Fig. 1.20).

Color M-mode Doppler imaging combines the
spatiotemporal graphic representation of M-mode
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Fig. 1.17 Aliasing
resolved by setting the
right baseline

= CImi's

Fig. 1.18 Tissue
Doppler imaging

PG max
PHT

Gn 71 63BPM -10 8
232dB/C5
Df2/0
TDI

5,0 MH2
Gn 50
B/2/0
PW

5,0 MHz
Gn 45
6,6 cm
Angolo 5

Fig. 1.19 Color
Doppler imaging. Blue
away from and red
toward the transducer

T
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Fig. 1.20 Color
Doppler aliasing

Fig.1.21 Color
M-mode imaging

and color codification. It shows at the same time
a one-dimensional view of anatomic structures
and color flow visualization. It is useful to assess
transmitral flow (Fig. 1.21).

Use of the Ultrasound
Machine: Optimizing
the Picture

1.5

The image quality depends on the operator’s skill
and also on the adjustment of the ultrasound
machine according to the features of the particu-

lar patient to be examined. The positioning of the
patient and the probe is discussed in Chap. 2,
together with all transthoracic views. First, it is
essential to study well the instruction manual of
the device at one’s disposal to use it optimally.

1.5.1 Environment

The brightness of the environment where the
examination is done should be reduced. The
examination is performed in the ICU at the bed-
side, so it is preferable to have beds that can be
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easily arranged with Trendelenburg positioning,
anti-Trendelenburg positioning, head and trunk
lifting, and side tilting.

1.5.2 Ultrasonograph Setting

1.5.2.1 Electrocardiogram

Despite often being omitted to save time, it is
important to always connect the electrocardio-
gram (ECQG) wire of the ultrasound device to the
patient electrodes. The ECG trace, recorded at
the base of the display with a “marker” of time
coinciding with the moving image, allows estab-
lishment of the phases of the cardiac cycle based
on electrical activity of the heart, apart from
monitoring the ECG. The mechanical systole
usually begins immediately after the R wave and
ends at about half of the T wave. The end of dias-
tole coincides with the R-wave peak of the ECG
(Fig. 1.22).

1.5.2.2 Probes

The probes used for adult echocardiography emit
ultrasound with a frequency of about 3 MHz,
whereas the probes used in pediatric echocardiog-
raphy emit higher frequencies, from 5 to 7.5 MHz.
These emissions represent the best compromise
for use according to different types of patients,
given that the higher the frequency, the better the
image definition, but the lower the penetration of
ultrasound into the tissues. Modern equipment

R
b T
Q
S
Diastole Systole Diastole

Fig. 1.22 ECG systolic and diastolic phases

/s

Fig. 1.23 Ultrasound probes. From left to right: vascular
and soft tissue linear probe, cardiac phased-array probe,
abdominal convex probe

can produce sharper images through “tissue har-
monic imaging’”: in a nutshell, the harmonics pro-
duced by the interaction of the ultrasound beam
with the tissues are enhanced, and the fundamen-
tal harmonic frequencies are suppressed, resulting
in better far-field quality. The image quality is bet-
ter, but the very echo-reflective structures, such as
pericardium and valves, can thus appear thicker
than they really are. The probes have a touch and
often light marker, defining the scanning plane
and laterality. Figure 1.23 shows the various
probes used for the study of the heart with trans-
thoracic approaches, the vessels, and the thoracic
and abdominal organs.

1.5.2.3 Sector Depth

The depth can be adjusted by the operator. The
machine starts with a default standard depth so
that the whole heart is displayed, but the depth of
the field can be varied in order to position the
structures of interest in the middle of the image.
If the outer edges of the heart in the default image
exceed the limits of the display, the heart as a
whole or some part of it is certainly enlarged.

1.5.2.4 Width of the Scanning Beam

The maximum amplitude ensures that the most
lateral structures are seen, but a reduction of the
amplitude may sometimes be preferable to pro-
duce greater definition of the central structures;
this is because a shorter time is needed to scan a
narrower angle.
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1.5.2.5 Gain

The construction of the image as grayscale or
monochrome images depends on the intensity of
the return signal, which depends on the distance
traveled and on the reflective properties of the tis-
sues encountered (see earlier). Therefore, the
gain can be adjusted for different depths in order
to compensate for the reduction of the return sig-
nal. This adjustment (time gain compensation),
which is automatic in modern equipment, usually
occurs through a system of levers that correspond
to vertical depths of the field. Observing the dis-
play as the default, the operator improves the
image manually by moving the levers that corre-
spond to different levels of depth. In some devices
there is also a system of horizontal adjustment for
adjusting the image in the lateral fields (lateral
gain compensation). However, these adjustments
must be done with care since excess gain pro-
duces brighter images, leading to poor definition
between close structures and even artifacts. In
contrast, too dark images are produced with not
enough gain, hiding some low-echo-reflective
structures. Even though it depends somewhat on
operator preference, a well-adjusted image
(Fig. 1.24) is one that has:

¢ Fairly uniform intensity of solid structures
e A slight speckling in the dark cavities full of
blood

Fig. 1.24 Echocardiographic
image (apical five-chamber
view) with good contrast
adjustment

1.5.2.6 Focus

The focus of the image is usually by default in the
central part of the display, but one can move the
focus to higher or lower levels for further research
on particular structures.

1.5.2.7 Regulating Continuous-Wave
Doppler and Pulsed-Wave
Doppler Imaging

As already mentioned, continuous-wave Doppler
imaging is used for the measurement of high flow
rate in line with the cursor all along the stream to
be examined. Pulsed-wave Doppler imaging is
not suitable for high-speed flows but reproduces
the flow in a specific area to be examined. The
operator can adjust the gain of the Doppler signal.
The optimal image is one that shows well the
shape of the wave flow (changes in speed over
time). By convention, the blood flow movement
toward the transducer is represented above the
baseline. In contrast, the movement away from
the transducer is represented below the baseline.
The scale of reproduction of the Doppler signal
(y-axis) can be adjusted to avoid cutting high-
speed-flow waves. The speed, usually 50 mm/s
(x-axis), can be adjusted to better fit the times for
special measures. The alignment of the ultrasound
beam with the flow remains paramount for both
continuous-wave and pulsed-wave interrogation.
An angle of more than 30° between the blood flow




	Preface
	Contents
	Part I: Ultrasound and Use of the Echo Machine
	1: Essential Physics of Ultrasound and Use of the Ultrasound Machine
	1.1	 Ultrasound
	1.2	 Interaction of Ultrasound with Tissues
	1.2.1	 Attenuation
	1.2.2	 Reflection
	1.2.3	 Refraction

	1.3	 Ultrasound Wave Formation
	1.3.1	 Resolution
	1.3.2	 Axial Resolution
	1.3.3	 Lateral Resolution
	1.3.4	 Temporal Resolution

	1.4	 Doppler Echocardiography
	1.5	 Use of the Ultrasound Machine: Optimizing the Picture
	1.5.1	 Environment
	1.5.2	 Ultrasonograph Setting
	1.5.2.1	 Electrocardiogram
	1.5.2.2	 Probes
	1.5.2.3	 Sector Depth
	1.5.2.4	 Width of the Scanning Beam
	1.5.2.5	 Gain
	1.5.2.6	 Focus
	1.5.2.7	 Regulating Continuous-Wave Doppler and Pulsed-Wave Doppler Imaging
	1.5.2.8	 Regulating Color Doppler Imaging (Color Flow Mapping)


	1.6	 Artifacts
	Further Reading


	Part II: Standard Echocardiographic Examination
	2: Ultrasound Morphology of the Heart: Transthoracic Examination
	2.1	 Morphology Ultrasound of the Heart: Standard Transthoracic Examination
	2.1.1	 Echocardiographic Anatomy
	2.1.2	 Patient Positioning
	2.1.3	 Positioning of the Probe (Acoustic Windows)
	2.1.4	 Positioning of the Operator and the Ultrasound Machine
	2.1.5	 Parasternal Long-Axis View
	2.1.6	 Parasternal Short-Axis View
	2.1.7	 Right Parasternal View
	2.1.8	 Apical Four-Chamber View
	2.1.8.1	 Apical Five-Chamber View
	2.1.8.2	 Apical Two-Chamber View
	2.1.8.3	 Apical Three-Chamber View

	2.1.9	 Subcostal View
	2.1.10	 Suprasternal View
	2.1.11	 Overview

	Reference
	Further Reading


	3: Transthoracic Echocardiography in the ICU: The Patient Who Is Difficult to Study
	3.1	 Introduction
	3.2	 Minimizing Patient’s Related Disturbing Factors
	3.3	 Optimizing Machine Settings
	3.4	 Approaching the Patient Using Multiple and Alternative Views
	3.5	 Utilizing Echocardiographic Indexes That Are Less Dependent on Image Quality
	3.5.1	 LV Systolic Function
	3.5.2	 LV Diastolic Function
	3.5.3	 RV Systolic Function
	3.5.4	 Other Applications

	Further Reading

	4: Ultrasound Morphology of the Heart: Transesophageal Examination
	4.1	 Introduction
	4.2	 Patient Safety
	4.3	 The Simplified TEE Examination
	4.3.1	 Mid-esophageal AV Level
	4.3.1.1	 Mid-esophageal AV Short-Axis View
	4.3.1.2	 Mid-esophageal AV Long-Axis View
	4.3.1.3	 Mid-esophageal Right Ventricular Inflow–Outflow View
	4.3.1.4	 Mid-esophageal Bicaval View

	4.3.2	 Mid-esophageal Mitral Valve Level
	4.3.2.1	 Mid-esophageal Four-Chamber View
	4.3.2.2	 Mid-esophageal Two-Chamber View

	4.3.3	 Transgastric Level: Transgastric Mid-papillary Short-Axis View
	4.3.4	 Aortic Examination
	4.3.4.1	 Descending Aortic Short-Axis View
	4.3.4.2	 Upper Esophageal Aortic Arch Short-Axis View
	4.3.4.3	 Descending Aortic Long-Axis View


	4.4	 Summary
	Suggested Reading

	5: Three-Dimensional Echocardiography
	5.1	 Introduction
	5.2	 Methods and New Technologies
	5.3	 Image Display and Analysis
	5.4	 Different Clinical Applications
	5.5	 Quantification of Left Ventricular (LV) Volumes and Function (and Shape)
	5.6	 Quantification of Left Ventricular Mass
	5.7	 Assessment of Regional Wall Motion of the LV (Rest and Stress)
	5.8	 Left Ventricular Dyssynchrony
	5.9	 Quantification of Right Ventricular Volumes and Function
	5.10	 Evaluation of Valve Diseases
	5.11	 Congenital Heart Diseases
	5.12	 Cardiac Masses
	5.13	 Monitoring of Percutaneous Procedures
	5.14	 Monitoring of Cardiac Surgery
	5.15	 Future Perspectives
	Suggested Reading

	6: Speckle Tracking Echocardiography (STE) for Left and Right Ventricles
	6.1	 Introduction
	6.2	 Left Ventricle (LV)
	6.2.1	 Longitudinal
	6.2.2	 Circumferential
	6.2.3	 Parietal Thickening
	6.2.4	 Twisting

	6.3	 Left Ventricle Functional Parameters with STE
	6.3.1	 Longitudinal Strain (LS)

	6.4	 Right Ventricle
	6.5	 Right Ventricle (RV) Functional Parameters with STE
	6.5.1	 Global Longitudinal Strain (GLS)

	6.6	 STE Advantages
	6.7	 STE Disadvantages
	6.8	 Conclusion
	Further Reading


	Part III: Essential Functional Echo-Anatomy
	7: The Left Ventricle: Frequent Imaging in ICU Patients
	7.1	 Introduction
	7.2	 Standard Measures
	7.2.1	 Frequent Imaging in ICU Patients
	7.2.2	 Other Images

	7.3	 Global Systolic Function
	7.3.1	 Left Ventricular Rotation
	7.3.2	 Longitudinal Shortening
	7.3.3	 Fractional Shortening
	7.3.4	 Fractional Area Change
	7.3.5	 Ejection Fraction
	7.3.6	 Tissue Doppler Imaging
	7.3.7	 Ventricular Wall Kinetics

	7.4	 Diastolic Function
	7.4.1	 Introduction and Background
	7.4.2	 Phases of Diastole
	7.4.3	 Pulsed Wave Doppler Assessment of Transmitral Flow
	7.4.4	 Tissue Doppler Imaging

	7.5	 Myocardial Performance Index
	Further Reading

	8: The Right Ventricle and Pulmonary Artery: Frequent Imaging in ICU Patients
	8.1	 The Right Ventricle: Anatomy
	8.2	 The Pulmonary Artery: Anatomy
	8.3	 The Right Ventricle: Echocardiography
	8.4	 The Pulmonary Artery: Echocardiography
	8.5	 Assessment of Right Ventricular Systolic Function
	8.6	 Tricuspid Annular Plane Systolic Excursion
	8.7	 Tissue Doppler Imaging and Tei Index
	8.8	 Right Ventricular Strain and Strain Rate
	8.9	 Right Ventricular Diastolic Function
	8.10	 Right Ventricle in the ICU
	Further Reading

	9: Left and Right Atria: Frequent Imaging in ICU Patients
	9.1	 Anatomy
	9.2	 Echocardiography
	9.3	 Left Atrium
	9.4	 Right Atrium
	9.5	 Interatrial Septum
	9.6	 Chiari Network
	9.7	 Eustachian Valve
	Further Reading

	10: Pericardium and Pericardial Disease
	10.1	 Introduction
	10.2	 Pericardial Effusion
	10.3	 Cardiac Tamponade
	10.4	 Constrictive Pericarditis
	10.5	 Effusive-Constrictive Pericarditis
	10.6	 Pericardial Masses
	10.7	 Pericardial Cysts
	10.8	 Congenital Absence of the Pericardium
	Suggested Reading

	11: The Aorta: Frequent Imaging in ICU Patients
	11.1	 Anatomy
	11.2	 Echocardiography
	11.3	 TTE of the Aorta
	11.4	 TEE of the Aorta
	11.5	 Aortic Atheroma
	11.6	 Aortic Aneurysm
	11.7	 Aortic Dissection
	11.8	 Intramural Hematoma
	11.9	 Sinus of Valsalva Aneurysm
	11.10	 Aortic Coarctation
	11.11	 Patent Ductus Arteriosus
	11.12	 Bicuspid Aortic Valve and Related Aortopathy
	11.13	 Traumatic Injury to the Thoracic Aorta
	Further Reading

	12: The Vena Cava’s and the Great Vessels Ultrasound
	12.1	 The Superior Vena Cava
	12.1.1	 Transesophageal Echocardiography
	12.1.2	 Transthoracic Echocardiography

	12.2	 The Inferior Vena Cava
	12.2.1	 Transthoracic Echocardiography
	12.2.2	 The IVC Bedside Ultrasound

	12.3	 The Aortic Flow Variations
	12.3.1	 Echocardiography of Aortic Blood Flow

	12.4	 Carotid Blood Flow (CBF)
	12.4.1	 The Carotid Artery Bedside Ultrasound

	12.5	 Right Internal Jugular Vein Distensibility
	12.5.1	 The Internal Jugular Vein Bedside Ultrasound

	Further Reading

	13: Ischemia and Myocardial Infarction
	13.1	 Introduction
	13.2	 Diagnosis of AMI
	13.3	 Role of Echocardiography in Ischemic Heart Disease
	13.4	 Evaluation of Regional Wall Motion
	13.5	 Transthoracic Echocardiography
	13.6	 Transesophageal Echocardiography
	13.7	 Echocardiography and Complications of AMI
	13.8	 Assessment of Myocardial Ischemia and Viability Using Tissue Doppler and Deformation Imaging
	Suggested Readings

	14: The Cardiomyopathies
	14.1	 Introduction
	14.2	 Hypertrophic Cardiomyopathy
	14.3	 Dilated Cardiomyopathy
	14.4	 Restrictive Cardiomyopathy
	14.5	 Arrhythmogenic Right Ventricular Cardiomyopathy
	14.6	 Left Ventricular Noncompaction
	Suggested Readings

	15: Cor Pulmonale and Pulmonary Hypertension
	15.1	 Cor Pulmonale and Pulmonary Hypertension
	15.2	 Common Right Ventricular Measurements
	15.3	 Advanced Right Ventricular Measurements
	15.3.1	 Tissue Doppler Imaging
	15.3.2	 Strain, Strain Rate, and Speckle Tracking
	15.3.3	 Myocardial Performance Index or Tei Index

	15.4	 Three-Dimensional Echocardiography
	Further Reading

	16: Mitral Valve
	16.1	 Mitral Valve Anatomy
	16.2	 Mitral Valve Echocardiography Examination
	16.3	 Mitral Valvulopathy
	16.3.1	 Mitral Regurgitation (MR)
	16.3.1.1	 Mechamism of Mitral Regurgitation
	16.3.1.2	 Echocardiographic Assessment of MR Severity
	16.3.1.3	 Qualitative Assessment
	16.3.1.4	 Semi-quantitative Assessment
	16.3.1.5	 Quantitative Assessment
	16.3.1.6	 TEE and MV Surgery

	16.3.2	 Mitral Stenosis
	16.3.2.1	 Quantification of Mitral Stenosis Severity


	References

	17: Aortic Valve
	17.1	 Anatomy
	17.2	 Echocardiography Examination
	17.3	 Aortic Stenosis (AS)
	17.3.1	 Etiology
	17.3.2	 Aortic Valve and Echocardiographic Views
	17.3.3	 Echocardiographic Evaluation of Aortic Stenosis Severity
	17.3.4	 Criteria for Grading Ao Stenosis (AS)

	17.4	 Aortic Regurgitation (AR)
	17.4.1	 Etiology
	17.4.2	 Mechanisms of Aortic Regurgitation (AR)
	17.4.3	 Assessment of Aortic Rigurgitation
	17.4.4	 Echocardiographic Assessment of AR Severity
	17.4.5	 Color Doppler
	17.4.6	 Continuous Wave Doppler
	17.4.7	 Pulse Wave Doppler

	References

	18: Tricuspid and Pulmonary Valves
	18.1	 Tricuspid Valve Morphology and Function
	18.2	 Pulmonary Valve Morphology and Function
	18.3	 Carcinoid Syndrome
	18.4	 Tricuspid Stenosis
	18.5	 Pulmonary Stenosis
	18.6	 Tricuspid Regurgitation
	18.7	 Pulmonary Insufficiency (Fig.18.5)
	Further Reading

	19: Endocarditis
	19.1	 Introduction
	19.2	 Classification
	19.3	 Diagnostic Criteria
	19.4	 Recognize/Differentiate
	19.5	 Complications of Endocarditis
	19.6	 Conclusion
	Suggested Reading

	20: Prosthetic Valve Evaluation
	20.1	 Introduction
	20.2	 General Considerations
	20.3	 Normal 2D Echo Appearance
	20.4	 Color Flow Characteristics
	20.5	 Doppler
	20.6	 Management
	20.7	 Summary
	Suggested Reading

	21: Cardiac Tumors and Masses
	21.1	 Introduction
	21.2	 Intracardiac Thrombi
	21.3	 Intracardiac Tumors
	21.4	 Management
	21.5	 Summary
	Suggested Reading

	22: Congenital Septal Abnormalities in The Adult Patient
	22.1	 Atrial Septal Defects
	22.1.1	 Anatomy and Physiopathology of ASDs
	22.1.2	 Clinical Aspects
	22.1.3	 Echocardiography
	22.1.3.1	 Transthoracic Echocardiography
	22.1.3.2	 Transesophageal Echocardiography
	22.1.3.3	 Doppler Echocardiography
	22.1.3.4	 Contrast Echocardiography
	22.1.3.5	 TEE for Closure of ASDs

	22.1.4	 Patent Foramen Ovale

	22.2	 Ventricular Septal Defects
	22.2.1	 Anatomy and Physiopathology of VSDs
	22.2.2	 Clinical Aspects
	22.2.3	 Echocardiography
	22.2.3.1	 Transthoracic Echocardiography
	22.2.3.2	 Transesophageal Echocardiography
	22.2.3.3	 Contrast Echocardiography
	22.2.3.4	 TEE for Closure of the VSDs


	22.3	 Atrioventricular Septal Defects
	22.3.1	 Anatomy and Physiopathology of AVSDs
	22.3.2	 Clinical Aspects
	22.3.3	 Echocardiography

	Suggested Reading

	23: Essential Pediatric Echocardiography
	23.1	 Introduction
	23.2	 Sistolic and Diastolic Ventricular Function
	23.3	 Hemodynamic Management
	23.4	 Unexplained Hypoxemia
	23.5	 Pulmonary Hypertension (Figs. 23.5, 23.6, and 23.7)
	23.6	 Intracardiac Vegetations
	23.7	 Cardiac Tamponade and Pericardial Effusion
	23.8	 Residual Postoperative Lesion
	23.9	 Intracardiac Thrombus
	23.10	 Pleural Effusion, Pneumothorax and Diaphragmatic Paralysis
	23.11	 Pediatric Sedation Management
	Suggested Reading


	Part IV: Echocardiography in the ICU and OR: Basic and Advanced Applications
	24: Echocardiographic History, Echocardiographic Monitoring, and Goal-Directed, Focus-Oriented, and Comprehensive Examination
	24.1	 What Kind of Examination?
	24.2	 Operator’s Skill
	24.3	 First Comprehensive Examination of the Patient
	24.4	 Echocardiographic History: General Ultrasonographic Morphofunctional Study of the Heart
	24.5	 Echocardiographic Monitoring: Serial Examinations
	References
	Suggested Reading


	25: Echocardiography in the ICU and OR: Basic and Advanced Applications
	25.1	 Intraoperative Echocardiography in Cardiac Surgery
	25.2	 Indication of Intraoperative TEE
	25.3	 Warning to Avoid Complications
	25.4	 Valve Repair Surgery
	25.5	 Monitoring of Myocardial Ischemia
	25.5.1	 Limitation of TEE to Diagnose Myocardial Ischemia

	25.6	 Mass Lesions
	25.7	 Monitoring for Intraoperative Embolism
	25.7.1	 Cardiac Surgery
	25.7.2	 Orthopedic Surgery
	25.7.3	 Liver Surgery
	25.7.4	 Neurosurgery

	Suggested Reading

	26: General Hemodynamic Assessment
	26.1	 Introduction
	26.2	 Pressure Assessment
	26.3	 Cardiac Output
	26.4	 New Approaches
	26.4.1	 Acoustic Quantification
	26.4.2	 Real-Time 3D Echocardiography

	Further Reading

	27: Contrast Echocardiography in the ICU and OR
	27.1	 Ultrasound Contrast Agents
	27.2	 Intracardiac Shunts
	27.3	 Improvement of Image Quality
	27.4	 Coronary Flow
	27.5	 Myocardial Perfusion
	27.6	 Safety and Research Applications
	27.7	 Intraoperative Ultrasonography
	Further Reading

	28: Echo-Guided Therapy of Myocardial Ischemia
	28.1	 LV Ischemia/Infarction
	28.2	 RV Involvement
	28.3	 How to Do It
	Bibliography

	29: Hypovolemia and Fluid Responsiveness
	29.1	 Introduction
	29.2	 Is the Blood Volume Adequate?
	29.3	 Should I Provide a Fluid Bolus?
	29.4	 Hypovolemia
	29.5	 Passive Leg Raising
	29.6	 Fluid Challenge
	29.7	 Heart–Lung Interactions
	29.7.1 Pulse Pressure, Stroke Volume, and VTI Variation
	29.7.2 Dynamic Arterial Elastance (Eadyn)
	29.7.3 End-Expiratory Occlusion Test
	29.7.4 Vena Cava Variation

	29.8	 Screening for the Tolerance to Volume Load and Assessment of the Effect of Fluid Boluses
	29.9	 Limitations of Fluid Responsiveness Indices Derived from Heart–Lung Interaction
	29.10	 Indices of Fluid Responsiveness
	29.10.1 Vena Cava Collapsibility
	29.10.2 Stroke Volume Variations

	29.11	 Final Remarks
	Further Reading

	30: ARDS, Mechanical Ventilation, and Weaning
	30.1	 Introduction
	30.2	 Introduction
	30.3	 Pneumonia
	30.4	 ARDS
	30.5	 Lung Atelectases
	30.6	 The Ultrasound Lung Reaeration Score
	30.7	 Mechanical Ventilation
	30.8	 Weaning
	30.9	 Mechanical Ventilation, RV Function, and Acute Cor Pulmonale (ACP)
	Suggested Reading

	31: Hypotension
	31.1	 Introduction
	31.2	 Echocardiography in Hypotension
	31.3	 Causes of Hypotension
	31.3.1	 Modification of Preload
	31.3.2	 Myocardial Function
	31.3.3	 Modification of Afterload

	31.4	 Different Scenarios of Hypotension
	31.4.1	 Pericardial Tamponade
	31.4.2	 Left Ventricular Outflow Tract Obstruction
	31.4.3	 Blunt Chest Trauma
	31.4.4	 Shock

	31.5	 Conclusion
	Further Reading

	32: Suspicion of Pulmonary Embolism
	32.1	 Suspicion of Pulmonary Embolism
	32.2	 Role of Echocardiography in PE
	32.3	 Two-Dimensional Echocardiography
	32.4	 Doppler Echocardiography
	32.5	 Echocardiography and Prognosis of Patients with PE
	32.6	 Echocardiography and Therapy for Patients with PE
	Further Reading

	33: Suspicion of Acute Aortic Diseases
	33.1	 Introduction
	33.2	 TTE and TEE
	33.3	 Acute Aortic Syndrome
	33.4	 Aortic Dissection
	33.5	 Aortic Intramural Hematoma
	33.6	 Penetrating Aortic Ulcer
	Further Reading

	34: Chest Pain
	34.1	 Pulmonary Embolism
	34.1.1	 Diagnosis and Differential Diagnosis
	34.1.2	 How to Do It
	34.1.2.1	 Apical 4-Chamber View (Fig. 34.2)
	34.1.2.2	 Parasternal Long- and Short-Axis View (Fig. 34.3)
	34.1.2.3	 Subcostal View

	34.1.3	 Risk Stratification and Decision-Making (Fig. 34.4)
	34.1.4	 Assessment of Treatment

	34.2	 Acute Coronary Syndromes (ACS)
	34.2.1	 STEMI and NSTEMI
	34.2.1.1	 Indications
	34.2.1.2	 How to Do It

	34.2.2	 Takotsubo Syndrome

	34.3	 Differential Diagnosis
	34.4	 Complications
	34.5	 Aortic Dissection
	34.5.1	 Complications
	34.5.2	 How to Do It
	34.5.2.1	 Transthoracic Echocardiography

	34.5.3	 Timing of Sequence Examination
	34.5.4	 Echo-Guided Decision-Making

	Suggested Reading

	35: Acute Dyspnea
	35.1	 Definition of Dyspnea
	35.2	 Pathogenesis
	35.3	 Epidemiology
	35.4	 Diagnostic Tool and Methodology
	35.5	 Lung Ultrasound (See Also Chap. 51)
	35.6	 Noncardiogenic Dyspnea
	35.6.1	 Pleural Disease
	35.6.2	 Parenchymal Disease

	35.7	 Dyspnea in Mechanically Ventilated Critically Ill Patients
	35.8	 Inferior Vena Cava (IVC)
	35.9	 Cardiogenic Dyspnea
	35.9.1	 Heart Failure(HF)
	35.9.2	 Acute Coronary Syndrome

	35.10	 Conclusion
	Further Reading

	36: Unexplained Hypoxemia
	36.1	 Introduction
	36.2	 Patent Foramen Ovale
	36.3	 Diagnosis of PFO
	36.3.1	 Color Flow Analysis
	36.3.2	 B-Mode Analysis
	36.3.3	 Contrast Echocardiography
	36.3.4	 Three-Dimensional Echocardiography
	36.3.5	 Closure of Atrial Septal Defects

	Suggested Reading

	37: Sepsis and Septic Shock
	37.1	 Introduction and Background
	37.2	 Echocardiography in the Clinical Picture of Severe Sepsis and Septic Shock
	37.2.1	 Fluid Responsiveness
	37.2.2	 Left Ventricular Systolic Dysfunction
	37.2.3	 Left Ventricular Diastolic Dysfunction
	37.2.4	 Right Ventricular Dysfunction
	37.2.5	 Vasopressors and Inotropes

	Further Reading

	38: Chest Trauma
	38.1	 Blunt and Penetrating Chest Trauma
	38.2	 Cardiovascular Lesions in Chest Trauma
	38.2.1	 Traumatic Aortic Injury
	38.2.1.1	 Echocardiographic Findings


	38.3	 Blunt Cardiac Injury
	38.3.1	 Myocardial Contusion
	38.3.1.1	 Echocardiographic Findings

	38.3.2	 Cardiac Rupture
	38.3.2.1	 Echocardiographic Findings


	38.4	 Diagnostic Algorithm in the Chest Trauma Patient
	38.5	 Cardiac Ultrasound in Traumatic Cardiac Arrest
	38.6	 Summary
	Suggested Reading

	39: Acute Atrial Fibrillation and Other Arrhythmias
	39.1	 Introduction
	39.2	 Transthoracic Echocardiography
	39.2.1	 Assessment of LA Size
	39.2.2	 Assessment of LAA by TTE
	39.2.3	 Assessment of LA Function
	39.2.4	 Clinical Utility of TTE in Patients with Acute AF

	39.3	 Transesophageal Echocardiography
	39.3.1	 Assessment of the LAA
	39.3.2	 TEE-Guided Electrical Cardioversion

	Further Reading

	40: Ultrasound-Guided Nursing
	40.1	 Introduction
	40.2	 Bladder Catheter: Volume Calculation, Measurement Choice, Position Check and Malfunction Check
	40.2.1	 Volume Calculation
	40.2.2	 Choice of Device
	40.2.3	 Check the Positioning of the Bladder Catheter
	40.2.4	 Malfunction of the Bladder Catheter

	40.3	 Peripheral Venous Blood Drawing, Cannulation, Blood Culture, Arterial Blood Withdrawal and Reclining, Central Venous Catheter Position Check and Control of Incannulated Veins
	40.3.1	 Peripheral Venous Blood Drawing and Cannulation
	40.3.2	 Blood Culture
	40.3.3	 Arterial Blood Withdrawal and Reclining
	40.3.4	 Central Venous Catheter Position Check
	40.3.5	 Control of Incannulated Veins

	40.4	 Monitoring of the Inferior Cava Vein (ICV)
	40.5	 Prevention of Intradialytic Hypovolemia
	40.6	 Lung Echography
	40.6.1	 Dry Lung/Wet Lung
	40.6.2	 Sliding

	40.7	 Verification of Correct Placement of the Nasogastric Tube (NGT)
	Further Reading

	41: Multiorgan Donor and Transplanted Patient
	41.1	 Evaluation of Donor Patient
	41.2	 Function of the Graft
	41.3	 Exclusion of Direct Heart Damage
	41.4	 Perioperative and Postoperative Monitoring During Cardiac and Lung Transplantation
	41.5	 Heterotopic Heart Transplantation (Fig. 41.1)
	41.6	 Lung Transplantation
	41.7	 Conclusion
	Suggested Reading

	42: New-Onset Cardiac Murmur in the Unstable Patient
	42.1	 Mechanical Complications of Acute Myocardial Infarction (AMI)
	42.1.1	 Free Wall Rupture
	42.1.2	 VSD
	42.1.3	 Papillary Muscle Rupture

	42.2	 LVOTO and SAM of the Mitral Valve
	42.3	 Mitral Regurgitation Due to Spontaneous Rupture of Chordae Tendineae
	42.4	 Endocarditis
	42.5	 From Echo Images to Diagnosis: A Practical Approach
	42.5.1	 New-Onset Mitral Regurgitation (Fig. 42.7)
	42.5.2	 New-Onset Aortic Regurgitation (Fig. 42.8)
	42.5.3	 Prosthetic Dysfunction (Fig. 42.9)

	Suggested Reading

	43: ICU Echocardiography and Noninvasive Haemodynamic Monitoring
	43.1	 Introduction
	43.2	 Arterial Pressure
	43.3	 Measure of Volemia
	43.4	 Pulse Contour Analysis
	43.5	 Totally Noninvasive Systems
	43.6	 Echocardiography
	43.7	 Cardiac Output Measured by Echocardiography
	Further Reading

	44: Arterial Ventricular Coupling (AVC)
	44.1	 Introduction
	44.2	 Preload
	44.3	 Afterload
	44.3.1	 Systemic Vascular Resistance
	44.3.2	 Wall Stress
	44.3.3	 Aortic Impedance

	44.4	 Contractility
	44.5	 Arterial Ventricular Coupling
	44.6	 AVC: Bedside Assessment
	44.7	 Conclusion
	Further Reading

	45: Non-cardiac Surgery: Perioperative Echocardiography and Lung Echography
	45.1	 Introduction
	45.2	 Preoperative Echocardiography: Risk Stratification and Hemodynamic Assessment
	45.3	 Intraoperative and Postoperative Transesophageal Echocardiography
	45.4	 Echocardiography in Perioperative Shock
	45.5	 Lung Echography and Thoracic Ultrasound
	45.6	 Conclusions
	Further Reading

	46: Perioperative Echocardiography for Aortic Procedures
	46.1	 Anatomical and Functional Cardiac Assessment
	46.2	 Aortic Assessment
	46.2.1	 Aortic Views
	46.2.2	 Relationship Between the Aorta and Oesophagus
	46.2.3	 Limits of Aortic Views
	46.2.4	 Aortic Diameter
	46.2.5	 Landmarks in Thoracic Descending Aorta
	46.2.6	 Aortic Disease

	46.3	 Periprocedural Decision-Making
	46.3.1	 Aortic Z Zones
	46.3.2	 Confirmation of Aortic Disease
	46.3.3	 Landing Zone
	46.3.4	 True Lumen and False Lumen in Aortic Dissection
	46.3.5	 Guidewires
	46.3.6	 Device Deployment Monitoring
	46.3.7	 Post-procedural Examinations

	46.4	 Complex Endovascular Approaches
	46.4.1	 Aortic Branches Views
	46.4.1.1	 Supra-aortic Trunk
	46.4.1.2	 Visceral Vessels

	46.4.2	 Intravascular Ultrasound (IVUS)
	46.4.3	 Conclusions

	References

	47: Obstetric Echocardiography
	47.1	 Introduction
	47.2	 Haemodynamic Changes/Physiologic Alterations
	47.3	 Heart Remodelling
	47.4	 Echocardiography
	47.4.1	 Echocardiographic Findings
	47.4.1.1	 Left Atrium
	47.4.1.2	 Left Ventricular Function
	47.4.1.3	 Right Ventricular Function


	47.5	 Hypertensive Disorders
	47.6	 Valvular Heart Diseases
	47.7	 Congenital Heart Diseases
	Suggested Reading


	Part V: Ultrasound in the ICU: Other Applications
	48: Echocardiography and Advanced Life Support
	48.1	 Unstable Patient
	48.2	 Sudden Cardiac Arrest (SCA)
	48.3	 Shockable Rhythms
	48.4	 Non-shockable Rhythms
	48.5	 Conclusion
	Further Reading

	49: Ultrasound-Guided Central and Peripheral Vein Cannulation
	49.1	 Introduction
	49.2	 Terminology
	49.3	 Indications
	49.4	 Principles of Vein Echo-Anatomy and US-Guided Venipuncture Technique
	49.5	 Procedure
	49.6	 Conclusion
	Suggested Reading

	50: Essential Ultrasound for Venous Thrombosis
	50.1	 Essential Ultrasound for Venous Thrombosis
	50.2	 Lower Deep Vein Thrombosis
	50.3	 Compression Strategy
	50.4	 Intraluminal Material
	50.5	 Vein Thrombosis of the Upper Extremities
	Suggested Reading

	51: Lung and Pleural Ultrasonography in Emergency and Intensive Care
	51.1	 Patient Position
	51.2	 Echographic Patterns
	51.3	 Pathological Findings
	51.3.1	 B-Lines
	51.3.2	 Interstitial Syndrome
	51.3.3	 Consolidation
	51.3.4	 Acute Respiratory Distress Syndrome (ARDS)
	51.3.5	 Pneumothorax
	51.3.6	 Pleural Effusion

	51.4	 Monitoring Lung Disease
	References

	52: Ultrasound and Morbidly Obese Patient
	52.1	 Introduction
	52.2	 Obesity and the Cardiovascular System
	52.3	 Role of Echocardiography
	52.4	 Cardiac Remodelling in Obesity
	52.5	 Systolic Function in Obesity
	52.6	 Diastolic Dysfunction in Obesity
	52.7	 Effects of Bariatric Surgery on Left Ventricular Geometry and Function
	Further Reading

	53: Ultrasound Exam Approach in Trauma Patients
	53.1	 Introduction
	53.2	 Management of Thoracoabdominal Trauma
	53.3	 Evolution of FAST
	53.4	 Evaluation of Inferior Vena Cava
	53.5	 The Technique and Ultrasound Semiology of Pneumothorax
	53.6	 Ultrasound of Pouring Blood
	53.7	 Examination Technique
	53.8	 Contrast-Enhanced Ultrasound (CEUS)
	53.9	 The CEUS Technique
	53.9.1	 Spleen
	53.9.2	 Liver
	53.9.3	 Kidney

	53.10	 Conclusion
	Suggested Readings

	54: Color Duplex Ultrasonography in the Study of the Stenosis of Renal Arteries
	54.1	 Introduction
	54.2	 Anatomic Finding
	54.3	 Examination Techniques and Normal Finding
	54.4	 Transverse Scan (Front)
	54.5	 Posterior Side Scan (Lumbar)
	54.6	 Aortic Coronal Scan
	54.7	 Diagnostic Criteria of RAS
	54.7.1	 Direct Evaluation of Renal Artery

	54.8	 Indirect Signs of Renal Artery Stenosis (Downstream of Stenosis)
	54.9	 Conclusion
	References

	55: Ultrasound for Percutaneous Tracheostomy
	References

	56: Transcranial Doppler Ultrasonography in Emergency and Intensive Care
	56.1	 Transcranial Eco Color Doppler (TCCD): Normal and Pathological Patterns
	56.1.1	 TCCD: Clinical Use

	56.2	 TCCD in Clinical Management and Therapeutic Choices
	56.2.1	 Acute Ischemic Stroke
	56.2.2	 Left-Right Shunt
	56.2.3	 Severe Cranial Trauma

	Further Reading

	57: Ultrasonography of the Optic Nerve
	57.1	 Measurement of the Optic Nerve Sheath Diameter
	References

	58: Muscle Ultrasound for the ICU Patient
	58.1	 Sarcopenia, ICU-Acquired Weakness and Muscle US
	58.2	 Diaphragm Ultrasound
	58.3	 Muscles Trauma and Infection Ultrasound
	Suggested Reading

	59: Fever of Unknown Origin and Ultrasound
	59.1	 Fever of Unknown Origin: Definition
	59.1.1	 Instruments for Measuring Body Temperature
	59.1.2	 Infectious and Noninfectious Causes of Fever in the ICU

	59.2	 Noninfectious Causes
	59.2.1	 Atelectasis
	59.2.2	 Acute Respiratory Distress Syndrome (ARDS)
	59.2.2.1	 Pancreatitis
	59.2.2.2	 Acalculous Cholecystitis
	59.2.2.3	 Ischemic Bowel
	Thrombosis



	59.3	 Infectious Causes
	59.3.1	 Ventilator-Acquired Pneumonia (VAP)
	59.3.2	 Endocarditis and Myocarditis
	59.3.3	 Myocarditis
	59.3.3.1	 Abdominal Sepsis
	59.3.3.2	 Cholecystitis
	59.3.3.3	 Urinary Sepsis
	Catheter-Related Sepsis (CRS)



	59.4	 Sinusitis and Neutropenic Enterocolitis (NEC)
	59.4.1	 Sinusitis
	59.4.2	 Neutropenic Enterocolitis (NEC)

	Further Reading

	60: US-Guided Regional Analgesia in the ICU
	60.1	 Regional Anesthesia/Analgesia
	60.2	 Paravertebral Block
	60.2.1	 Paravertebral Block Out of Plane
	60.2.2	 Paravertebral Block in Plane

	60.3	 Intercostal Nerve Block
	60.4	 Epidural Analgesia
	60.4.1	 US Imaging of the Lumbar Spine

	60.5	 Nerve Block
	60.5.1	 Analgesia for the Upper Limb
	60.5.2	 Ultrasound-Guided Interscalene Brachial Plexus Block
	60.5.3	 Ultrasound-Guided Supraclavicular Brachial Plexus Block
	60.5.4	 Ultrasound-Guided Infraclavicular Brachial Plexus Block
	60.5.5	 Ultrasound-Guided Axillary Brachial Plexus Block

	60.6	 Inferior Limb
	60.6.1	 Ultrasound-Guided Femoral Nerve Block
	60.6.2	 Ultrasound-Guided Fascia Iliaca Block
	60.6.3	 Ultrasound-Guided Popliteal Sciatic Block
	60.6.4	 TAP (Transversus Abdominis Plane) Block

	60.7	 Complications and Side Effects of Peripheral Nerve Blocks
	Bibliography



