
In Clinical Practice

Cardiac
Imaging
in Clinical
Practice

Dmitriy Kireyev
Judy Hung   Editors



   In Clinical Practice     



        Taking a practical approach to clinical medicine, 
this series of smaller reference books is designed for 
the trainee physician, primary care physician, nurse 
practitioner and other general medical profession-
als to understand each topic covered. The coverage 
is comprehensive but concise and is designed to act 
as a primary reference tool for subjects across the 
fi eld of medicine. 

 More information about this series at   http://www.
springer.com/series/13483       

http://www.springer.com/series/578
http://www.springer.com/series/578


       Dmitriy   Kireyev     •      Judy   Hung     
 Editors 

  Cardiac Imaging 
in Clinical Practice

                       



      ISSN 2199-6652      ISSN 2199-6660 (electronic) 
   In Clinical Practice  
 ISBN 978-3-319-21457-3     ISBN 978-3-319-21458-0 (eBook) 
 DOI 10.1007/978-3-319-21458-0 

 Library of Congress Control Number: 2015954723 

 Springer Cham Heidelberg New York Dordrecht London 
 © Springer International Publishing Switzerland   2016 
 This work is subject to copyright. All rights are reserved by the Publisher, 
whether the whole or part of the material is concerned, specifi cally the rights of 
translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduc-
tion on microfi lms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or 
dissimilar methodology now known or hereafter developed. 
 The use of general descriptive names, registered names, trademarks, service 
marks, etc. in this publication does not imply, even in the absence of a specifi c 
statement, that such names are exempt from the relevant protective laws and 
regulations and therefore free for general use. 
 The publisher, the authors and the editors are safe to assume that the advice and 
information in this book are believed to be true and accurate at the date of pub-
lication. Neither the publisher nor the authors or the editors give a warranty, 
express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. 

 Printed on acid-free paper 

 Springer International Publishing AG Switzerland is part of Springer 
Science+Business Media (www.springer.com) 

 Editors 
   Dmitriy   Kireyev   
  Division of Cardiology 
 Massachusetts General Hospital 
  Boston  
 Massachusetts  
 USA 

     Judy   Hung   
  Division of Cardiology 
 Massachusetts General Hospital 
  Boston  
 Massachusetts  
 USA   

www.springer.com


v

   Contents 

    1      Basics of Ultrasound Physics . . . . . . . . . . . . . . . . . . . .  1   
    Dmitriy   Kireyev     and     Judy   Hung    

     2      Views and Structures . . . . . . . . . . . . . . . . . . . . . . . . . . .  9   
    Lanqi   Hua     and     Dmitriy   Kireyev    

     3      Chamber Dimensions  . . . . . . . . . . . . . . . . . . . . . . . . . .  19   
    Dmitriy   Kireyev     and     Judy   Hung    

     4      Valvular Quantification. . . . . . . . . . . . . . . . . . . . . . . . .  31   
    Dmitriy   Kireyev     and     Judy   Hung    

     5      Valvular Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51   
    Dmitriy   Kireyev     and     Judy   Hung    

     6      Evaluation of Prosthetic Valves . . . . . . . . . . . . . . . . . .  73   
    Dmitriy   Kireyev     and     Judy   Hung    

     7      Diastolic Function  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85   
    Dmitriy   Kireyev     and     Judy   Hung    

     8      Pericardial Disease  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93   
    Dmitriy   Kireyev     and     Judy   Hung    

     9      Cardiac Masses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101   
    Dmitriy   Kireyev     and     Judy   Hung    

    10      Estimation of Chamber Pressures . . . . . . . . . . . . . . . .  121   
    Dmitriy   Kireyev     and     Judy   Hung    



vi

    11      Basic Congenital Heart Disease for Adults . . . . . . . .  125   
    Dmitriy   Kireyev     and     Judy   Hung    

    12      Ischemic Heart Disease. . . . . . . . . . . . . . . . . . . . . . . . .  145   
    Dmitriy   Kireyev     and     Judy   Hung    

    13      Cardiomyopathy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151   
    Parmanand   Singh    

    14      Echocardiography in Systemic Diseases. . . . . . . . . . .  161   
    Dmitriy   Kireyev     and     Judy   Hung    

    15      Echocardiographic Assessment 
of Aortic Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169   
    Asaad   A.   Khan    

    16      Basics of Agitated Saline Contrast 
(“Bubble”) and LV Opacification 
Contrast Studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  177   
    Dmitriy   Kireyev     and     Judy   Hung    

    17      Nuclear Cardiology Imaging  . . . . . . . . . . . . . . . . . . . .  183   
    Dmitriy   Kireyev     and     Michael   F.   Wilson    

    18      Cardiac Computed Tomography  . . . . . . . . . . . . . . . . .  197   
    Jonathan   Scheske     and     Brian   Ghoshhajra    

    19      Cardiac Magnetic Resonance (CMR) Imaging . . . . .  219   
    Marcello   Panagia    ,     Jonathan   Scheske    , 
    Brian   Ghoshhajra    , and     Sanjeev   A.   Francis    

    20      Positron Emission Tomography . . . . . . . . . . . . . . . . . .  243   
    Parmanand   Singh      

Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247

Contents



vii

  Contributors 

     Sanjeev     A.     Francis  ,   MD       Cardio-Oncology Program, 
Cardiac MRI/CT Program ,  Massachusetts General Hospital  , 
 Boston ,  MA ,  USA     

      Brain     Ghoshhajra  ,   MD       Department of Radiology , 
 Massachusetts General Hospital  ,  Boston ,  MA ,  USA     

      Lanqi     Hua  ,   BS, RDCS, FASE       Cardiac Ultrasound 
Laboratory ,  Massachusetts General Hospital  ,  Boston , 
 MA ,  USA     

      Judy     Hung  ,   MD       Echocardiography, Division of Cardiology , 
 Massachusetts General Hospital  ,  Boston ,  MA ,  USA     

      Asaad     A.     Khan  ,   MBBS, MRCP       Division of Cardiology, 
  Massachusetts General Hospital, Harvard Medical School  , 
 Boston ,  MA ,  USA     

      Dmitriy     Kireyev  ,   MD       Echocardiography, 
Division of Cardiology ,  Massachusetts General Hospital  , 
 Boston ,  MA ,  USA     

      Marcello     Panagia  ,   MD, PhD       Cardiology Division , 
 Massachusetts General Hospital  ,  Boston ,  MA ,  USA     

      Jonathan     Scheske  ,   MD       Department of Radiology , 
 Massachusetts General Hospital  ,  Boston ,  MA ,  USA     



viii

      Parmanand     Singh  ,   MD       Division of Cardiology, Department of 
Radiology,   Weill Cornell Medical College, New York 
Presbyterian Hospital  ,  New York ,  NY ,  USA     

      Michael     F.     Wilson  ,   MD       Nuclear Cardiology 
and Cardiovascular CT Angiography ,  State University 
of New York at Buffalo, Kaleida Health Hospitals  ,  Buffalo , 
 NY ,  USA      

Contributors



1D. Kireyev, J. Hung (eds.), Cardiac Imaging in Clinical 
Practice, In Clinical Practice,
DOI 10.1007/978-3-319-21458-0_1,
© Springer International Publishing Switzerland 2016

Ultrasound – Refers to sound waves with frequencies higher 
than 20 kHz, which is higher than the frequencies perceptible 
to the human ear.

Ultrasound waves travel at a speed of approximately 
1540 m/s in soft tissue such as muscle.

–– Sound of different frequencies travels through the same 
media at same speed.

–– High frequency sound has lower penetration.
–– The higher the frequency, the smaller the object that 

reflects sound without scattering.
–– C = λυ , where c  – speed of sound λ  – wavelength, 
υ – frequency

–– Speed in media is proportional to density and elasticity 
(which is proportional to temperature). Thus sound 
travels faster in soft tissue than air and faster in metal 
than soft tissue.

–– Ultrasound waves can reflect and refract when they are 
interacting borders between different media (Fig. 1.1)
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Transducer can be focused only in near field
L r r cn = =2 2/ /λ υ , Where Ln – length of near field,  

λ  – wavelength, υ  – frequency, r  – radius of the transducer,  
c- speed of sound in media

Sin α = 0.61/r – divergence of beam in the far field
Snell’s law: calculates angle of refraction
Sin Sin V V n na a1 2 1 2 2 1/ / /= =  where n is index of 

refraction
Spatial Resolution: refers to the smallest distance in which 

2 points can be distinguished as separate. There are two types 
of spatial resolution; axial and lateral (Fig. 1.2).

Axial resolution: refers to ability to resolve 2 points in the 
direction of the ultrasound beam (axial direction or 
depth); proportional to λ, υ, and duration of transmitted 
pulse. Typical axial resolution for cardiac ultrasound is

Lateral resolution: refers to ability to resolve 2 points in 
a perpendicular plane from the ultrasound beam 
(along the sides of the beam); proportional to beam 
width

Incident wave
Reflected wave

Refracted wave

Media #1

Media #2

α1 α'1

α2

Figure 1.1  Ultrasound waves both reflect and refract when they 
come to border between two media with different physical properties

D. Kireyev and J. Hung
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Temporal Resolution: refers to ability to resolve 2 points 
that has moved over time; is quantified as the frame rate; 
frame rates can be improved by narrowing imaging sector, 
decreasing depth, and decreasing line density

Absorption: refers to when sound amplitude is weakened 
due to inner friction (viscosity)

–– Energy transferred to heat
–– Scattering occurs at all the interfaces

Attenuation refers to decrease in sound amplitude from 
reflection of sound wave

–– Attenuation increases as frequency of sound wave 
increases (can reflect off smaller interfaces)

Half value level – distance sound travels before intensity 
goes to 50 %

In tissue attenuation is 1 dB/cm/MHz

Lateral resolution

Axial resolution

∗ ∗

∗
∗

Figure 1.2  Definition of axial and lateral resolution
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�Transducer

Transducers contain piezoelectric elements which are made 
of metallic crystals that can transfer sound waves to electric 
signals and vice versa. These physical elements are responsi-
ble for the mechanoelectric transduction of ultrasound to 
electric data.

�Diagram Basic Elements in an Ultrasound  
Probe (Fig. 1.3)

1.	 Piezoelectric element. It is responsible for generating 
pulses and receiving the ultrasound signals

	2.	 Marching layers. Due to significant impedance differences 
between the transducer and the human body a significant 
amount of reflection can occur at the interface between the 
two (this is also a reason why we use gel to eliminate the air 
between the probe and the body). These layers increase 

Figure 1.3  Diagram of basic components in ultrasound transducer. 
Please review text for more details

D. Kireyev and J. Hung
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the acoustic power, sensitivity and axial resolution. The 
thickness of each layer is ¼ of transducer basic frequency 
to minimize internal reverberations within the probe.

	3.	 Dampening material. It dampens the vibration of the 
piezoelectric element allowing to limit output time (thus 
improving range resolution) and absorbing the waves 
released from the back end of the transducer

	4.	 Shielding material which limits the effect of outside 
vibrations on a piezoelectric element

	5.	 Electrical connections – they both provide initial energy to 
excite the piezoelectric element and transmit back to the 
machine the electric signal which is generated by the 
piezoelectric element upon encountering reflected 
ultrasound waves

�Transducer Frequency

–– Determined by thickness of piezoelectric element
–– Shock-excitation of a piezoelectric crystal results in 

transmission of sound energy from both front and back 
faces of crystal

–– When thickness of element is ½ λ, the reflected and 
transmitted stresses at each surface reinforce each 
other and transducer resonates at maximum displace-
ment amplitude –this is referred to as fundamental 
resonant frequency of the transducer

–– when thickness is λ, the stresses at each surface are 
opposite – then displacement amplitude is minimal

–– the thickness of piezoelectric element is inversely pro-
portional to frequency generated (thickness propor-
tional to λ proportional to c/υ)

�Transducer Damping

–– Piezoelectric elements used in transducers have long 
response to excitation – long ultrasound pulse

Chapter 1.  Basics of Ultrasound Physics
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–– Damping material is placed behind transducer to 
decrease length of ringing. This material also absorbs 
sound energy emitted from the back of the transducer

–– High degree of damping decreases both pulse duration 
and sensitivity

–– Impedance matching layers:
–– acoustic impedance of transducer is 25 times higher 

than that of human body.
–– acoustic impedance difference can cause 96 % reflec-

tive loss at transducer-skin interface.
–– Impedance matching layers increase power input, 

sensitivity, bandwidth and axial resolution.

�Transducer Frequency

–– Increases in frequency improve resolution but also 
decrease penetration into structures.

–– Typical transducer frequencies are 2.0–2.5  mHz 
(in  adults), 3.5  MHz (in children), and 5–12  MHz 
(in neonates and young children).

�Doppler Basics

Doppler effect is a change of frequency of sound for an 
observer as his or her position changes relative to the source. 
(Do you remember how the sound of fire truck changes when 
it comes first towards you and then drives away?)

	
υ υ= +

+








initial

c V receiver

c V transducer 	

Where υ is frequency, c is the speed of sound in particular 
media and V is velocity

The ultrasound transducer emits an ultrasound wave 
which upon reaching target is reflected back to transducer. 
The change in frequency allows the machine to determine the 
speed of moving object.
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